Chapter 2

Causes of insomnia

In this chapter, we will discuss some of the more common factors
associated with the development and maintenance of insomnia such as
age, physiology, circadian rhythms, and environment.

Aging is one of the most significant factors associated with changes in
sleep across the lifetime [1]. Sleep consists of two physiologically dis-
tinct states: rapid eye movement (REM) and non-rapid eye movements
(NREM) sleep [1]. NREM sleep is associated with minimal mental activity
and is divided into three stages, with increasing depth of sleep achieved
from stages N1 through N3 (Figure 2.1). REM sleep consists of electro-
encephalography (EEG) activation, muscle atonia, and rapid eye move-
ments. For most adult sleepers, sleep onset occurs through NREM sleep
with REM sleep occurring at least 80 minutes afterwards and NREM
and REM sleep typically alternating throughout the rest of the sleeping
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Figure 2.1 Progression of sleep stages across a single night in a normal young adult. (R)
Rapid eye movement sleep; (W) Wake; (N1, N2, N3) Non-rapid eye movement sleep stages 1, 2,
and 3. Reproduced with permission from Sheenan and Hirshkowitz [2] ©Elsevier.

D. Taylor et al., Handbook of Insomnia, 11
DOI: 10.1007/978-1-907673-73-3_2, © Springer Healthcare 2014



12 - HANDBOOK OF INSOMNIA

period. REM cycles become longer over time, with a reduction of stage
3 and 4 sleep across the sleep period.

One of the biggest changes in the structure of sleep (also known as
‘sleep architecture’) is seen in newborn infants. During the first year of
life, infants transition from wake to sleep through REM sleep, as opposed
to the NREM to REM progression seen in older ages [1]. Infants also
begin to develop consolidated nocturnal sleep during their first year of
life, with slow wave sleep (also known as ‘deep sleep’) occurring with
the greatest frequency in young children and then decreasing with age
[1]. Other age-related changes in sleep (sometimes beginning as early
as young adulthood) include an increasing amount of time spent in the
lighter stages (ie, N1 and N2) of sleep, more time spent awake, and an
advancing of the circadian rhythm (ie, becoming sleepier earlier in the
cycle) [1]. Figure 2.2 depicts changes occurring in sleep architecture
across the lifespan [3].

Although there are age-related changes in sleep architecture, the
majority of changes in sleep are not due to age but rather are a result of
various medical and psychiatric comorbidities that become increasingly
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Figure 2.2 Changes in sleep with age. Time (in minutes) for sleep latency and wake time after
sleep onset (WASO) and for rapid eye movement (REM) sleep and non-REM (NREM) sleep stages
N1,N2, and slow wave sleep (SWS). Summary values are given for ages 5 to 85 years. Reproduced
with permission from Ohayon et al [3] ©Associated Professional Sleep Societies.
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prevalent with age [1]. As Figure 2.3 illustrates, in addition to factors
predisposing older adults to poor sleep, there are a number of factors that
can precipitate poor sleep such as the onset of an illness, loss of physi-
cal functioning, or another primary sleep disorder (eg, obstructive sleep
apnea) [4,5]. Furthermore, once an older adult develops insomnia, there
are a number of factors that can perpetuate poor sleep such as social
isolation, caregiving, or bereavement.

Understanding the changes in sleep that occur with age is important
because older adults may have lowered expectations for their sleep and
assume that poor sleep is a natural consequence of aging. As a result, it
may be up to the clinician to inquire about sleep complaints from older
patients. Poor sleep is an important complaint to assess in older adults as
it is associated with poorer overall physical and mental health status [6].
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Figure 2.3 lllustration of the development of sleep complaints and associated adverse
outcomes. ADL, activities of daily living; REM, rapid eye movement. Reproduced with permission
from Vaz Fragoso et al [5] ©John Wiley and Sons.
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Specifically, poor sleep has been implicated in an increased risk for falls,
impaired physical functioning, cognitive decline, and memory problems
in older adults [7-11].

Another consideration for a clinician treating insomnia in older adults
is the use of medication. Many medications (eg, anti-hypertensives,
inhaled steroids) used in conditions commonly seen in advanced age such
as hypertension and chronic obstructive pulmonary disease are known
to cause sleep difficulties in older adults. Furthermore, many sedating
medications (eg, long-acting benzodiazepines and muscle relaxants) can
cause daytime napping that, in turn, could impair nocturnal sleep. Older
adults can work with their physician to adjust the dosage or timing of
their mediation use to avoid impaired sleep. The effect of medication on
sleep architecture will be discussed in more detail later in this chapter.

Additionally, older adults may sometimes employ alcohol as a sleep
aid due to its sedating effects. Although initial consumption of alcohol
can have a relaxing effect, it can result in a ‘rebound’ of insomnia, causing
the older adult to wake during the night. Accordingly, greater alcohol
consumption has been linked to poor sleep in older adults [12,13].

Several environmental factors can-contribute to the development and
maintenance of insomnia, including noise, light, temperature, and pres-
ence of electronic and communication devices in the bedroom. Individuals
with insomnia are often more susceptible to sleep interference and dis-
ruption related to external environmental stimuli, such as noise and
temperature, than patients without insomnia [14]. Noise and light levels
that may not bother other people can have a profound disruptive impact
on the sleep of patients with insomnia. For example, external noise from
traffic or insects, as well as indoor noises (eg, television, radio, a bed
partner’s snoring, other people in the household, even a squeaky door
hinge) can contribute to a restless and sleepless night for patients with
insomnia. Interestingly, white noise or other repetitive noise (eg, sound
of a fan) can have a soothing effect and can be conducive to promoting
sleep for some patients with insomnia [15,16].
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It has been demonstrated that aspects of the bedroom environment,
such as the use (or even just the presence) of an electronic device (eg, tel-
evision, phone) or a desk where finances and/or other paperwork are done,
can lead to the bedroom becoming associated with arousing, non-sleep
conducive behaviors [17,18]. This may be due to classical conditioning, a
theory which helps to explain the importance of ‘cues’ (ie, discriminative
stimuli) in either promoting or disrupting sleep. For patients with normal
sleeping patterns, the bed, bedroom, and bedtime are usually strong cues
for sleep; inversely, they become strong cues for wakefulness in patients
with insomnia, as they adopt and perpetuate arousal-inducing behaviors
(eg, worrying, watching TV, surfing the internet, paying bills) while in the
bed or bedroom. Another reason for limiting the use of electronic devices
in the bedroom is the light from these devices also contributes to arousal.

Another important environmental consideration is how comfort-
able a patient finds his/her mattress and pillow (eg, size, firmness). For
example, patients with insomnia who have comorbid pain and other
medical conditions can be greatly impacted by their mattress and pillow,
as both impact sleeping position and aggravate pain, which can nega-

tively impact sleep [19-22].

Insomnia is generally considered to be a disorder of hyperarousal and the
manifestations of this excessive arousal are varied [23]. Initially, investiga-
tions focused on somatic hyperarousal in patients with insomnia compared
to good sleepers. In these investigations, patients with insomnia were found
to have elevations in heart rate, body temperature, galvanic skin conduct-
ance, and whole body metabolic rate, all suggestive of elevated activity of
the sympathetic nervous system [24,25]. These effects are paralleled by find-
ings that there is elevated activation of the hypothalamic-pituitary-adrenal
(HPA) axis in terms of higher levels of cortisol in the blood [26]. These
differences seem to be strongest at night and it is as if the body is in a state
of ‘fight-or-flight,” instead of minimizing arousal in preparation for sleep.
For a number of years, an enigma in the sleep research field was

the finding that patients with insomnia often did not have evidence of
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disturbed sleep during overnight sleep studies when compared to good
sleepers, despite feeling that they had slept poorly. One theory about this
discrepancy between subjective perceptions and the objective evidence
was that there is an inherent limitation in the traditional method of con-
ducting sleep studies [27]. This is because sleep study records are visually
scored and so determinations of wake and the different sleep stages rely
on direct observation. An alternative approach is to use computer-based
spectral analysis measures that decompose the EEG signal into differ-
ent frequency bands. When this approach was applied to sleep studies of
patients with insomnia, it was found that they often display elevated activ-
ity in the beta frequency range during sleep [28,29]. Beta EEG activity is
usually seen while awake and actively engaged in mental processing. It
is now believed that patients with insomnia can experience a state that is
a mixture of waking and sleeping features. They appear to be asleep, but
at the cortical level they are continuing to process information; this type
of ‘sleep’ is thus perceived as wakefulness. This phenomenon has been
referred to as cortical hyperarousal.

Another line of research has been the use of neuroimaging methods
to study hyperarousal in insomnia. These studies have been difficult to
apply to the study of insomnia, in part due to the loudness of functional
magnetic resonance imaging (FMRI) scanners, which often does not allow
the patient to undergo scanning while asleep. A few studies have utilized
positron emission tomography (PET) imaging in which infusion of the
radioisotope can occur during sleep and then the patient can be awoken
for scanning [30,31]. These studies have found that, for patients with
insomnia and without insomnia, there is a decrease in whole brain arousal
in the transition from wakefulness to sleep, as is logical. However, for
those with insomnia there is less of a reduction compared to those without
(Figure 2.4) [28]. Certain brain regions remain more active during sleep
and are another indicator of hyperarousal. One region prone to remain-
ing more active is the reticular activating system, the brainstem region
in which most of the major neurotransmitter pathways (eg, serotonin,
norepinephrine, acetylcholine, histamine, dopamine, neuropeptide A
and B) originate. Given that these neurotransmitters modulate levels of
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Figure 2.4 Functional neuroimaging evidence for hyperarousal in insomnia. Brain structures
that do not show decreased metabolic rate from waking to sleep in patients with insomnia. All
regions shown reach statistical significance (P<0.05), corrected, level of significance in relation to
healthy sleeper control subjects. ARAS, ascending reticular activating system. Reproduced with
permission from Nofzinger et al [32] ©American Psychiatric Publishing.

brain arousal, this implies that these systems are maintaining a higher
level of arousal in patients with insomnia. It is noteworthy that most sleep
medications used to treat insomnia act by way of y-aminobutyric acid
(GABA) mechanisms, as GABA inhibits the activity of the neurotrans-
mitter systems that originate in the reticular activation system. Thus,
efficacy of medications used to treat insomnia appears to be due to the
ability to reduce brain hyperarousal. Pharmacotherapies are discussed
in more detail in Chapter 5.
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Circadian rhythms refer to patterning of biological rhythms, including
sleep and wake periods, that occur across a 24-hour cycle [33]. Circadian
rhythms work with sleep homeostasis to maintain discrete periods of
alertness and sleepiness. The two-process model proposed by Borbely
describes how the homeostatic (S process) and the circadian process (C
process) work in conjunction (Figure 2.5) [34]. Sleep homeostasis refers
to the pressure to sleep that accumulates as the duration of wakefulness
increases. For example, the homeostatic drive to sleep decreases as the
sleep need is met.

Circadian regulation of sleep is not influenced by the amount of pre-
ceding sleep, but rather is controlled by an endogenous biological clock
located in the suprachiasmatic nucleus (SCN) of the hypothalamus (Figure
2.6) [35,36]. These rhythms typically run longer than 24 hours but they
become synchronized to the 24-hour clock via environmental cues (eg,
the light—dark cycle). Sunlight is the strongest ‘zeitgeber,” or influence,
on the timing of sleep and wake. For example, sunlight impacts sleep
and wakefulness through its impact on the secretion of melatonin, a
hormone which promotes sleep [37]. This is due to sunlight transmitted
through the retina along the optic nerve to the SCN in the hypothalamus,
which regulates melatonin, body temperature, and other functions that
contribute to sleep. Specifically, the pineal gland of the SCN produces

melatonin at night (or in darkness), which promotes sleepiness. Thus,
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Figure 2.5 lllustration of the two-process model of sleep regulation. Including circadian (solid
line) and homeostatic (dashed line) components. Adapted with permission from Borbely [34] and
Glickman [35] ©Elsevier.
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Figure 2.6 Pathway light travels through the optic nerve to the areas of the brain that
control sleep. Graphsiillustrating the circadian rhythms of luteinizing hormone (LH; involved

in ovulation in women and production of testosterone in men), body temperature, melatonin
(implicated in the sleep-wake cycle by causing drowsiness and lowering the body temperature),
corticosterone (involved in the regulation of immune and stress responses), and feeding in a rat
brain. ARC, arcuate nucleus; DBB, double B-box; DMH, wdorsomedial hypothalamic nucleus; DMV,
dorsomedial nucleus of vagus; IML, intermediolateral nucleus; MPO, medial preoptic area; OVLT,
organum vasculosum lamina terminalis; PVN, paraventricular nucleus; SCN, suprachiasmatic
nucleus. Reproduced with permission from Guardiola-Lemaitre and Quera-Salva [37] ©Elsevier.

melatonin production is indirectly inhibited by sunlight and stimulated
by darkness. Circadian rhythms complement the homeostatic process
by maintaining alertness during day and facilitating sleepiness at night.

Circadian rhythms are implicated in the development of insomnia when
there is a mismatch between an individual’s internal circadian rhythm
and the timing of their sleep-wake cycle. For example, on Sunday night,
after staying up late on Friday and Saturday nights, an individual may not
experience the onset of sleepiness until midnight. However, because they
have to be at work early on Monday, they may attempt to sleep earlier in
the evening (eg, 10 pm), and as a result, experience sleep-onset insomnia.
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In some cases, the patient may have a circadian rhythm sleep dis-
order resulting from a significant misalignment between the internal
circadian clock and the physical social environment of the individual
that is presenting as insomnia [33]. This could be caused by a change in
the environment outside of the patient’s control, such as shift work or jet
lag, or simply that the patient’s internal circadian clock does not match
that of the ‘societal norms,” as seen with advanced sleep phase disorder
(ie, circadian rhythm causes significantly earlier sleep and wake times
[eg, 8 Pm and 2 AmMm, respectively]) or delayed sleep phase disorder (ie,
delayed sleep onset and wake times [eg, 2 am and 11 am, respectively]).

Medical conditions and medications

A number of medical conditions (and/or medications that are used to
treat them) can impair sleep. As seen in Table 2.1, a variety of medical
problems are commonly comorbid with insomnia and may, at least partly,
cause difficulty sleeping [38]. For example, hyperthyroidism can result
in significant insomnia, and patients should generally be tested for this
when being evaluated for insomnia. As mentioned earlier, although
insomnia is often precipitated by a medical disorder, the insomnia often
decouples and evolves into an independent, self-sustaining problem that

can have a reciprocal exacerbation of the medical disorder.

Disease Patients with insomnia (%)
Heart disease 441
Cancer 414
High blood pressure 44.0
Neurological disease 66.7
Breathing problems 59.6
Urinary problems 415
Diabetes 47.4
Chronic pain 48.6
Gastrointestinal problems 55.4
Any medical problem 37.8

Table 2.1 Rates of insomnia in common medical conditions. Reproduced with permission
from Taylor et al [38] ©Associated Professional Sleep Societies.
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Several classes of medications can also cause insomnia. Table 2.2
shows the medications and stimulants that may cause insomnia, with
percentage of patients reporting insomnia as a side-effect, when avail-
able. The wide variety of insomnia-causing medications indicates that
it is always a good idea to review all medications a patient is taking,
what the side-effects of those medications are, and when they are taking
them (ie, late afternoon administration of stimulating medications is
more likely to disrupt sleep than an early morning administration).

Medication Insomnia incidence
(If available)

Central nervous system stimulants
Amphetamine
Benzphetamine
Dextroamphetamine
Methamphetamine
Methyphenidate
Dexmethyphenidate
Modafinil

Pemoline
Phentermine
Caffeine

Nicotine

Psychiatric

Selective serotonin reuptake inhibitors:

Fluoxetine 5-9%
Paroxetine 8-14%
Sertraline 7-16%
Citalopram 10%
Escitalopram 9%
Fluvoxamine 15-19%
Other drugs:

Bupropion 5-19%
Venlafaxine 8%

Table 2.2 Drugs and medications associated with insomnia (continues overleaf).
Reproduced with permission from Welsh and Fugit [39] ©John Wiley and Sons.
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Medication Insomniaincidence
(if available)

Respiratory

Theophylline 1-2%
Aminophylline

Beta agonists:

Albuterol

Metaproterenol

Terbutaline

Epinephrine

Salmeterol 1-2%
Formoterol

Corticosteroids:

Prednisone

Methylprednisolone

Dexamethasone

Inhaled corticosteroids Rare
Antihistamines: Variable
Bropheniramine Rare
Diphenhydramine Rare
Cardiac

Reserpine

Diltiazem

Diuretics:

Furosemide

Hydrochlorothiazide

Bumetanide

Statins:

Simvastatin <1%
Antiarrythmic agents:

Amiodarone 1-3%
Beta blockers: Variable
Propranolol

Metoprolol

Antimicrobial

Atovaquone

Isoniazid

Meropenem

Pentamidine

Table 2.2 Drugs and medications associated with insomnia (continues opposite)



Medication

Spectinomycin
Sulfamethizole
Sulfasalazine
Cephalosporins:
Cefaclor
Cefpodoxime
Cefprozil
Fluroquinolones:
Ciprofloxacin
Cinoxacin
Gatifloxacin
Grepafloxacin
Levofloxacin
Ofloxacin
Sparfloxacin
Antimalarials:
Mefloquine
Antiviral
Abacavir
Amantadine
Didanosine
Efavirenz
Ganciclovir
Lamivudine
Lopinavir
Ribavirin
Rimantadine
Ritonavir
Zidovudine
Neurological
Lamotrigine
Felbamate
Clobazam
Zonisamide
Donepezil

Baclofen

CAUSES OF INSOMNIA - 23

Insomnia incidence
(if available)

1%

<1%

2%

>1%
0.3%
upto 13%
5.7%

12%
14%
22%
16%
5%

11%
2%

1-3%
<2%

7%

6.4%

6-14%
2-7%

Table 2.2 Drugs and medications associated with insomnia (continues overleaf)
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Medication

Dopaminergic:
Levodopa

Entacapone

Amantadine

Endocrine drugs:
Thyroxine

Corticosteroids
Adenocorticotropic hormone (ACTH)
Gasorelin (in women only)
Tamoxifen
Antineoplastic drugs:
Vincristine

Trastuzumab (herceptin, anti-human epidermal growth factor
receptor-2)

Beta-interferon
Pamidronate
Zoledronic acid
Natural or alternative
Caffeinated drinks

« Coffee

o Blacktea

e Greentea
Chromium

Copaiba balsam
Country mallow
Cowhage

Deanol
Dehydroepiandrosterone (DHEA)
Ephedra

Eyebright

Feverfew

Ginseng

e American

e Panax

« Panex pseudoginseng

« Siberian

Insomnia incidence
(if available)

20%
30%
up to 14%

11%
up to 55%

24-29%

>1%
<1%

>10%

Table 2.2 Drugs and medications associated with insomnia (continues opposite)
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Drugs and medications associated with insomnia (continued)

Guarana

Khat

Khella

Marsh blazing star

Mate

Niacin

Phosphatidylserine
Policosanol

SAMe

St. John’s wort

Sweet vernal grass

Tiratricol

Tonka bean

Valerian

Vitamin C (ascorbic acid)
Acerola

Cherokee rosehip

Rose hip

Wormwood (above ground parts)
Yohimbe

Withdrawal is associated with rebound insomnia
Opiates, narcotics
Barbituates

Benzodiazepines

Alcohol
Gamma-hyroxybutyrate
Androgenic anabolic steroids

Table 2.2 Drugs and medications associated with insomnia.
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