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Abstract

Sleep complaints in schizophrenia are fairly frequent. This chapter provides a
comprehensive review of various aspects of sleep and schizophrenia. The initial
section deals with characteristics of sleep disturbances in the form of subjective
sleep complaints and macro- and microstructural sleep abnormalities. Epidemiol-
ogy and characteristics of individual sleep disorders are also reviewed here.
Structural, circuitry, and molecular pathophysiological correlates specific to the
interface of sleep and schizophrenia are highlighted. Subsequent section focusses
on the directionality of the association between sleep disturbances and schizo-
phrenia; in this section, sleep disturbances across various stages of schizophrenia
(from prodrome to residual) are reviewed along with a special emphasis on the
mediating role of cognitive dysfunction. Later sections deal with various avail-
able treatment strategies and approach to a patient of schizophrenia with sleep
complaints.

Keywords

Sleep architecture · Slow wave sleep · Sleep disorders · Psychosis

S. K. Tikka (*)
Department of Psychiatry, All India Institute of Medical Sciences, Hyderabad, India
e-mail: saikiatry@gmail.com

S. Garg
Department of Psychiatry, Shri Guru Ram Rai Institute of Medical & Health Sciences, Dehradun,
Uttarakhand, India

# Springer Nature Singapore Pte Ltd. 2022
R. Gupta et al. (eds.), Sleep and Neuropsychiatric Disorders,
https://doi.org/10.1007/978-981-16-0123-1_20

397

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-0123-1_20&domain=pdf
mailto:saikiatry@gmail.com
https://doi.org/10.1007/978-981-16-0123-1_20#DOI


20.1 Introduction

Schizophrenia is characterized by positive symptoms (delusions, hallucinations,
passivity, etc.), negative symptoms (anhedonia, amotivation, apathy, etc.), catatonia,
and cognitive symptoms (memory and attentional impairments, executive dysfunc-
tion, etc.). Principally, schizophrenia is defined by phenomena (or symptoms) that
occur during awake state. However, up to 80% of patients with schizophrenia
spectrum disorders have been found to show sleep disturbances, irrespective of the
nature of symptoms [1, 2]. Disturbance of sleep in schizophrenia has been long
known. Pioneers of modern psychiatry, Emil Kraepelin [3] and Eugen Bleuler [4],
both have described sleep to be impaired in schizophrenia, a century years back.
Sleep impairment has been understood as a “state” marker, with severity of clinical
symptoms strongly correlating with degree of sleep disturbances in both chronic [5]
and early phases of illness [6]. On the other hand, impairment of sleep has also been
proposed as a “trait” marker. Disturbed sleep has been found to be prevalent during
remission states as well; [7, 8] and both clinical [9] and genetic “at-risk” [10, 11]
individuals have been reported to have sleep deficits. Moreover, many sleep
disorders like obstructive sleep apnea (OSA), circadian rhythm disruption (CRD),
restless leg syndrome (RLS), and periodic limb movement syndrome (PLMS) have
been found to be comorbid with schizophrenia [2]. With both sleep rhythms and
schizophrenia psychopathology being proposed to have common neurobiological
underpinnings [12–14], study of sleep offers a window into greater understanding of
etiopathogenesis, and hence, better management of schizophrenia. Moreover, sev-
eral treatment options have been proposed with respect to the interface of sleep and
schizophrenia [15]. In this chapter, characteristics of sleep disturbances in schizo-
phrenia including various pathophysiological models, the bidirectional relationship
between schizophrenia core psychopathology and sleep deficits, and treatment
aspects are highlighted.

20.2 Characteristics of Sleep Disturbances in Schizophrenia

Most common sleep abnormality in schizophrenia patients is insomnia, that is,
difficulty initiating and maintaining sleep [8]. Sleep in schizophrenia patients has
been described in terms of subjective reports or objective assessments, mainly using
polysomnography (PSG). While standard interpretation of PSG recordings describes
their “macrostructure” in terms of sleep stages delineated according to Rechtschaffen
and Kales [16] scoring criteria, sleep “microstructure” is described in terms of
quantification of sleep spindles and slow wave activities, detection of arousals, etc.
This subsection highlights impairments in each of these descriptors among schizo-
phrenia patients.
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20.2.1 Subjective Sleep

Subjective reports of sleep are generally assessed in terms of sleep quality.
The Pittsburgh Sleep Quality Index [17] has been the most widely used tool.
Subjective sleep disturbances have been reported to be present since early psychosis
and to be associated with symptom severity [6]. Consistently studies have reported
poor sleep quality in patients with schizophrenia [6, 18–22]. About half a proportion
of patients with schizophrenia have been labeled as “poor sleepers.” [21] Poor sleep
quality also correlates with impaired overall quality of life [19, 21].

Subjective sleep estimation measures have been significantly correlated with
objective sleep variables. Rotenberg et al. [22] found that subjective estimation of
sleep onset latency, sleep depth, nighttime wakefulness, and dreams significantly
correlated with polysomnographic (PSG) macrostructural measures such as sleep
onset latency (SOL), percentage duration of slow wave sleep (SWS%), and eye
movement density, respectively. Interestingly however, different treatment agents
might have diverse effects on subjective versus objective measures. Kajimura et al.
[20] reported that soundness of sleep in the subjective sleep assessment is better
evaluated during treatment with zopiclone than with benzodiazepines. Baandrup
et al. [18] found that melatonin significantly improved self-reported sleep quality,
but had no effect on objective sleep efficiency.

Although less often reported, the frequency of subjective sleep disturbances in
hospitalized schizophrenia patients has been reported to be statistically comparable
to other psychiatric illnesses such as depression, anxiety, and substance use
disorders [23].

20.2.2 Sleep Macrostructure

Generally, sleep macrostructure is classified in terms of sleep continuity (total sleep
time, sleep onset latency, sleep efficiency, and wake time after sleep onset) and sleep
architectural (percentage duration of each of the sleep stages, REM latency, and
REM density) measures. To date, several PSG studies have compared sleep macro-
structure between schizophrenia patients and healthy controls. A recent systematic
review and meta-analysis by Chan et al. [24] evaluated 31 such studies that included
a total of 574 patients and 515 healthy controls. This report concludes that schizo-
phrenia patients have significant impairments in both sleep continuity and sleep
architecture. They were found to have reductions in total sleep time, sleep efficiency,
slow wave sleep (SWS), duration, and latency of rapid eye movement (REM) sleep
and significantly increased sleep onset latency and wake time after sleep onset. A
summary of this study’s findings is depicted in Table 20.1.

Chan et al. [24] also highlight that factors like duration of illness, medication
status, and duration of medication withdrawal influence these findings. While
reduced duration of SWS and REM latency was seen in patients with duration of
illness greater than 3 years, decreased REM latency was restricted to patients with
short durations of illness. Medication-naïve patients were found to have impairments
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restricted to sleep continuity measures only. Although sleep continuity measures
were similar, schizophrenia patients with antipsychotic withdrawal for longer than
8 weeks were shown to have no significant deficits in any of the sleep architectural
measures unlike those with shorter durations of withdrawal, who showed
impairments in NREM stage 1 and 2 durations, and REM latency.

Studies have shown that while positive symptoms are associated with both sleep
continuity and architectural impairments, deficits restricted to sleep architecture
corelate with negative and cognitive symptoms. On one hand, reduced sleep effi-
ciency, prolonged sleep latency, increased REM density, and shorter REM latency
have been correlated with positive symptoms [5, 25–27]. While on the other hand,
short REM latency and SWS deficits correlated with negative symptoms, [28–30]
and cognitive symptoms correlated with SWS deficits [5, 27].

Longitudinal studies [31] report that in relation to phase of illness and treatment
(i.e., during remission), REM parameters tend to normalize while SWS measures
remain impaired.

Anecdotal studies have reported that both sleep continuity and architectural
measures are useful in discriminating schizophrenia patients from other psychiatric
disorders like depression [32]. Though impairments related to SWS have been
suggested as being more specific to schizophrenia [33], in recent years, studying
macrostructural abnormalities has gone out of favor mainly citing its lack of speci-
ficity to schizophrenia [33–35].

20.2.3 Sleep Microstructure

While macrostructure measures describe temporal organization of sleep, microstruc-
ture, which is analyzed by scoring phasic events, provides essential information

Table 20.1 Sleep archi-
tectural measures in
schizophrenia patients
compared to healthy

Total sleep time (TST) ##
Sleep onset latency (SOL) """
Sleep efficiency (SE) ###
Wake time after sleep onset (WASO) """
Percentage duration of stage 1 sleep "
Percentage duration of stage 2 sleep –

Percentage duration of stage 3 sleep #
Percentage duration of stage 4 sleep #
Percentage duration of slow wave sleep #
Percentage duration of REM #
Latency of REM #
REM density "
Duration of first REM –

Number of arrows signify effect size (hedges g) of the difference
between schizophrenia patients and healthy controls (one
arrow ¼ 0.2–0.5; two arrows ¼ 0.5–0.8; three arrows >0.8); direc-
tion of arrows reflect direction of difference (upward ¼ increased in
patients; downward ¼ decreased in patients)
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regarding dynamic characteristics of sleep processes that are responsible for the
circadian alternation of wake and sleep [36]. Microstructure, most commonly, is
described as under-arousals, awakenings, cyclic alternating pattern (CAP), sleep
spindles, K-complexes and delta bursts (also called microarousals), rapid eye
movements, body movements, atonia, nightmares, etc.

More recently, microstructure assessment has expanded to incorporate
“dissociated stages of sleep (DSS),” which includes the phenomena of “intermediate
sleep (IS)” [37]. Description of these phenomena involves analysis of electrophysi-
ological sleep patterns that exhibit simultaneous occurrence or rapid oscillation
between different sleep stages components. They include: NREM sleep with rapid
eye movement (NRSWR), REM sleep without rapid eye movement (RSWR), REM
sleep without atonia (RSWA), etc. This preliminary study by Guénolé et al. [37]
found that RSWA was significantly increased in drug-naïve first-episode schizo-
phrenia patients.

Although repeated awakenings (fragmented sleep) [38, 39], increased nightmares
[40], and increased REM density [24] have been reported, microstructural assess-
ment of sleep spindles and slow waves, which are the main brain oscillations during
non-REM sleep, has received majority attention.

20.2.3.1 Reduced Sleep Spindles
Reductions in sleep spindles, principally examined during stage 2 NREM, have been
repeatedly and consistently observed in schizophrenia patients, albeit in a few
studies with very small sample sizes (for review see Manoach et al.) [41]. Measures
used as descriptors of sleep spindle activity are spectral power and coherence in the
sigma frequency (12–16 Hz) range, number, duration, density, amplitude, morphol-
ogy of spindles, and integrated spindle activity. Consistent results have been found
with respect to reduced number and density of sleep spindles and sigma power (see
Table 20.2). Schilling et al. [42] report specific reduction in fast (12–15 Hz) spindle
density. Fair consistency has also been seen on reduced spindle duration and
amplitude in schizophrenia; Wamsley et al. [43] found these measures not to be
significantly different compared to controls. Sigma frequency spectral coherence,
spindle morphology, and integrated spindle activity have been reported/assessed
only in small number of studies. Interestingly, the integrated spindle activity, a
measure derived by dividing the sum of absolute amplitude of each detected spindle
by total non-REM sleep duration, has been found to be significantly reduced in
schizophrenia patients; and this difference has a very large effect size [44, 45].

These findings do not seem to be influenced by chronicity of illness/duration of
illness as schizophrenia patients with both early and chronic stages of illness have
shown similar findings [41]. Most of these studies (Table 20.2), with the exception of
Manoach et al. [46] have been conducted in patients receiving antipsychotic
medications. As of yet, it remains to be explored on how much of a confounding
influence does use of long-term medications have on these findings. However,
single-dose studies have demonstrated no effect of antipsychotic drugs on sleep
spindles [47, 48].
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Manoach et al. [41], in their review, also highlight that sleep spindles have
significant correlation with cognitive (motor learning, declarative/visual memory,
executive functions, intelligence quotient, etc.) and positive symptoms of schizo-
phrenia. Studies have also attempted to address specificity of these findings to
schizophrenia patients. Sleep microstructure measures of sleep spindles have been
found to validly discriminate schizophrenia patients from depression [44] and
non-schizophrenia psychosis [46].

20.2.3.2 Slow Wave Sleep (SWS) Deficits
A good number of studies have attempted to characterize microstructure of slow
wave sleep in schizophrenia by comparing various descriptors in patients compared
to non-psychiatry controls (see Table 20.3). Overall, we derived about nine
descriptors from various studies—slow wave amplitude, delta wave count/density,
wave slope (up/down), frequency of multipeak waves, slow frequency (i.e., delta/
theta) spectral power, high frequency (beta and gamma) spectral power, altered
distribution, accumulation/dissipation, and rapid eye movements (REMs). Highest
evidence, in terms of most studies to show significant difference, is for reduced slow
wave amplitude and delta wave count/density. Inconsistent results are seen on delta
slow frequency (delta and theta) spectral power and altered distribution. Rest of the
descriptors have been limited to a very few studies. Inconsistencies in results and in
use of assessment methodology have led to limited attention to slow wave
microstructural sleep deficits [10, 49]. Castelnovo et al. [50], in a recent review,
emphasize upon use of uniform methodology. Another possible reason, for this
lesser attention, has been quoted as the effect of medications. Antipsychotics have
been found to induce electroencephalographic (EEG) slowing and reductions in slow
frequency spectral power [51, 52].

Association of negative symptoms with reduced delta wave count [53, 54] and of
positive symptoms with enhanced gamma power during slow wave sleep [55] has
been reported. Recently, Kaskie et al. [56] found a significant negative correlation
between slow wave density and positive symptoms. More studies, however, are
required to strengthen these assertions.

A few studies have investigated the specificity of slow wave microstructural
deficits to schizophrenia. Greater delta wave counts (Ganguly et al. 1987) [53],
abnormal accumulation/dissipation of slow waves [57], and lower gamma power
during SWS [55] were seen more in patients with depression compared to schizo-
phrenia. However, amplitude of slow waves has been found to be comparable
between schizophrenia and depression [57, 58].

20.2.4 Comorbid Sleep Disorders

Apart from sub-syndromal sleep disturbances and complaints, schizophrenia
patients have been found to have many comorbid sleep disorders. It is common to
have two or more sleep disorder comorbidities in schizophrenia patients
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[59, 60]. This subsection describes the characteristics of each of these comorbid
sleep disorders.

20.2.4.1 Insomnia
Insomnia is commonly comorbid with schizophrenia [13]. Studies have reported
prevalence rates of insomnia in schizophrenia patients to range from about one-fifths
to one-half of the population [61–65]; with about an additional one-third population
qualifying for subthreshold insomnia [61]. Moreover, disruption of several of the
sleep continuity and architectural measures, especially reduced total sleep time and
sleep onset latency (Sect. 20.2.2), implicate greater incidence of insomnia in schizo-
phrenia patients. Among schizophrenia patients with comorbid insomnia, about 20%
each have initial and middle insomnia and about 15% have late insomnia (early
morning awakening) [62, 63]. About 50% of schizophrenia patients with comorbid
insomnia have been found to suffer from severe insomnia [61]. Moreover, other
sleep disorders like RLS, PLMS, narcolepsy, and parasomnias have been seen to be
significantly associated with insomnia in schizophrenia [59].

There are inconsistencies in the reports showing association of insomnia with
clinical symptoms of schizophrenia. Although studies suggest that insomnia is
associated with an increase in paranoid thinking, even up to two to threefold [66],
some studies on schizophrenia find no independent association of insomnia with
positive and negative symptoms [62, 63]. However, recent studies have shown
significant association of insomnia with positive symptom and general psychopa-
thology [60, 67]. More significantly, and consistently as well, insomnia has been
strongly correlated with suicide risk [64, 68].

20.2.4.2 Circadian Rhythm Disruption (CRD)
Although small in number, studies show strong evidence for CRD in schizophrenia
patients [69–73]; strongly supported by results from animal models as well
[74, 75]. The abnormalities range from mild to severely disturbed rhythms with
fragmented sleep epochs. About half of the schizophrenia patients have been
reported to have severe circadian disruption ranging from phase-advance or phase-
delay to non-24-h sleep-wake cycles [73]. However, a recent study by Homabli et al.
[59] report very low (i.e., 5%) rates of CRD in schizophrenia patients. Non-24-
h melatonin cycles, manifold enhancement in sleep-related prolactin release, and
non-inhibition of nocturnal cortisol secretion are some of the related abnormal
endocrine rhythms (Van Cauter et al. 1991; Wulff et al. 2012) [72, 73]. The relation
between positive and negative symptoms and CRD has been inconsistent and
inconclusive. While Afonso et al. [69] found that schizophrenia patients with
predominantly positive symptoms have a statistical trend for greater CRD,
Bromundt et al. [70] failed to find a significant correlation between CRD and
positive and negative symptoms. However, a strong association between CRD and
cognitive symptoms has been elicited [70]. Speculations about the confounding role
of antipsychotics are still inconclusive and studies addressing this relationship are
sparse [13, 71].
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Reviews focusing on CRD in schizophrenia suggest that interventions targeting
resynchronization circadian rhythms may prove effective in the treatment of schizo-
phrenia symptomatology [13, 76–78]. Perhaps, CRD has been found to be comorbid
with other illnesses like bipolar disorder and major depressive disorder [76, 77].

20.2.4.3 Restless Legs Syndrome (RLS)
A series of papers by Kang and colleagues [79–86] report descriptive data on the
proportion of schizophrenia patients having comorbid RLS. They report 21.4% of
schizophrenia patients to have a comorbid RLS and up to half of them to have at least
one RLS symptom, that is, sub-syndromal RLS. They report RLS to be significantly
greater in schizophrenia patients compared to controls. Schizophrenia patients with
RLS report significant association between psychopathology scores and insomnia
[79]. Patients recruited in these studies were hospitalized and were on antipsychotic
medications. As antipsychotics are known to cause RLS [87], confounding effects of
medications cannot be ruled out. Perhaps, Kang and colleagues use the term
antipsychotic-induced RLS in many of their reports.

Antipsychotic-induced akathisia, although a close differential for RLS and chal-
lenging to differentiate [13], should be cautiously ruled out before diagnosing
comorbid RLS in schizophrenia patients. While, leg paresthesias characterize RLS,
inner restlessness has been shown to be a hallmark to akathisia [88]. RLS and
akathisia have also been differentiated based on periodic limb movements (PLMs)
and long latency flexor reflex (LLFR); RLS has been reported to have greater PLMs
and greater LLFR [88, 89].

20.2.4.4 Periodic Limb Movement Syndrome (PLMS)
Although PLMS is a most common associated feature of RLS and has been
considered together with RLS by many authors, this subsection deals with PLMS
separately. Reported rates of PLMS in schizophrenia are very inconsistent. While
Staedt et al. [90] reported PLMS to be present in all schizophrenia patients, Ancoli-
Israel et al. [91] showed PLMS rates to be 14%. Intriguingly, the former study
emphasizes the chronicity of antipsychotic use and the latter study reports no
significant correlation of PLMS with duration of neuroleptic use. Both these studies
included patients in later ages and who were on chronic (mean duration: >25 years)
antipsychotic treatment. A very recent study by Hombali et al. [59] reported a
prevalence of 14.1% for combined RLS/PLMS symptoms in schizophrenia patients.
This study, with a better sample size compared to the earlier two, reported
RLS/PLMS to be significantly correlated with age; older aged patients being less
likely to have this comorbidity.

20.2.4.5 Obstructive Sleep Apnea (OSA)
Several reviews and meta-analyses have suggested that OSA has been found to be a
common sleep disorder comorbid with schizophrenia [13, 92–96]. The reported
prevalence rates of OSA in schizophrenia range from 15 to 48%, with meta-analysis
by Stubbs et al. [95] reporting a pooled mean of 15.4%. Increasing age and higher
BMI have consistently been reported as significant predictors of OSA in
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schizophrenia [94, 95]. While some report improvement in psychotic symptoms
secondary to treatment of comorbid OSA, significant associations between antipsy-
chotic dose and OSA measures have not been found [93, 94]. The comorbid rates,
however, are found to be significantly less than those found in major depressive
disorder and bipolar disorder [95].

20.2.4.6 Narcolepsy
Comorbid occurrence of narcolepsy and schizophrenia like psychosis, is not rare.
Walterfang et al. [97] suggested that the association between narcolepsy and schizo-
phrenia is a chance cooccurrence. They found no evidence for a common pathology
and hence concluded that the association may be medication related. However, later
studies suggested that patients with narcolepsy type 1 (i.e., NT1) present with
psychotic symptoms along the course of their illness [98–102]. All these studies
assessed for psychotic symptoms in diagnosed cases of narcolepsy. Studies describ-
ing narcolepsy among established cases of schizophrenia report prevalence rate of
5–10% [59, 103]. Hombali et al. [59] found these rates to be lower than those seen
with depression and anxiety.

Although systematic investigations to delineate the two conditions as either
cooccurring or related to a single disease process are required, a possible com-
mon autoimmune pathology has been suggested to underlie them [98, 104].

20.2.4.7 Parasomnias and Sleep State Misperception
Comorbid parasomnias such as sleepwalking, night terrors, nightmares, etc. in
schizophrenia patients have been studied sparsely and have not been studied sys-
tematically. Hombali et al. [59] report that 9.1% of schizophrenia patients subjec-
tively report parasomnias. Very recently, Reeve et al. [60] found nightmare disorder
as a common comorbid sleep disorder in early non-affective psychosis patients,
being second only to insomnia. Nightmares have been shown to be associated with
an impending relapse, increased delusional severity, and risk of suicide [105]. More-
over, amelioration of nightmares and associated distress has been suggested to
reduce psychotic symptoms as well [105].

Another important scenario is when subjective sleep complaints are present but
objective measures including PSG do not reveal any abnormalities. This condition,
regarded as “sleep state misperception (SSM)” or “paradoxical insomnia,” has been
found to be fairly common and has been shown to be associated with severity of
negative symptoms [106]. Disturbances in memory and reasoning, core psychopa-
thological elements of schizophrenia, have been attributed to SSM [107].

20.3 Pathophysiology

While sleep macrostructure provides us with a gross overview of the sleep architec-
ture, microstructural abnormalities help us understand the pathophysiology of sleep
dysfunction in schizophrenia better. As described in earlier sections, predominant
and consistent dysfunction among various microstructural abnormalities has been
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sleep spindle deficits and to some extent deficits in slow wave sleep. Therefore,
pathophysiology of sleep dysfunction in schizophrenia has mostly been derived and
understood based on specific abnormalities in sleep spindles. Moreover, as the basic
deficit in sleep spindles has been their reduction in number/density, conceptualiza-
tion of pathophysiology focusses on generation of sleep spindles specifically.

20.3.1 Structural Correlates

Thalamus has been primarily implicated in the pathophysiology of sleep spindles.
Principally, the thalamic reticular nucleus (TRN), termed as “pacemaker,” has been
recognized as the most important structure associated with generation of sleep
spindles [12]. Structurally, TRN is a shell-like wrap around the dorsal thalamus.
Apart from TRN, the medial dorsal nucleus (MDN) and the lateral geniculate
nucleus (LGN) have also been implicated [12] (see Fig. 20.1).

Structural changes in all the three regions—TRN [108–110], MDN [111] and
LGN [112]—have been found to be implicated in schizophrenia, albeit
inconsistently reported in postmortem studies [113]. Combining data from postmor-
tem and animal studies, Steullet et al. [109] showed profound abnormalities in
parvalbumin (PV) expressing neurons of the TRN in schizophrenia. Volume of

Fig. 20.1 Thalamic nuclei.
Nuclei implicated in the
pathophysiology of sleep are
colored in red. T thalamic
reticular nucleus (TRN);
M medial dorsal nucleus
(MDN); L lateral geniculate
nucleus (LGN); (1) ventricular
nuclei; (2) anterior nuclei;
(3) lateral nuclei; (4) pulvinar
nuclei; (5) medial geniculate
nucleus; (6) internal
medullary lamina; (7) external
medullary lamina
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MDN, especially the left MDN, has been shown to be reduced in schizophrenia
patients. Converging evidence suggests that sensory gating and attentional and
emotion processing deficits found in schizophrenia stem from deficits in TRN
[12]; deficits in sleep spindles have been suggested to have a mediating influence
[108–110].

Apart from thalamus, prefrontal cortex (PFC), especially cortical layer VI
neurons, has been implicated in the initiation and maintenance of sleep spindles
[114]. Specifically, pyramidal cells of the medial PFC have been shown to have a
significant role in initiating as well as terminating sleep spindles [115]. Perhaps, PFC
is one of the most significant neural areas implicated to be abnormal in schizophre-
nia; and cognitive dysfunction has been consistently associated with PFC deficits
[116, 117]. Intriguingly, deficits in both TRN and PFC have been shown to be
developmentally linked [109, 118].

Although not specifically investigated in schizophrenia, dopamine-related
areas—ventral tegmental area (VTA), substantia nigra (SN), and ventral
periaqueductal gray matter and their projections onto basal forebrain, midbrain,
brainstem, and hypothalamus—have been implicated in CRD or sleep-wake cycle
disturbances [119]. Dopamine-containing pineal gland, which regulates sleep-wake
rhythms through the circadian release of melatonin, also has been implicated [119].

20.3.2 Circuitry Correlates

TRN, with its distinct structural organization, is the principal modulator of informa-
tion flow between thalamus and cortex [110]. Specifically, thalamo-cortical (TC) and
the cortico-thalamic (CT) circuitry neurons are implicated in the physiology of sleep
spindles [114] (see Fig. 20.2).

In line with the hypothesis that dysconnectivity is the core underlying feature of
schizophrenia [120], white matter connectivity abnormalities in TC networks,
including the thalamic radiation that carries fibers from the thalamus to prefrontal
areas, have been reported consistently in schizophrenia. Several lines of evidence,
both from functional magnetic resonance imaging (fMRI) and source localizing
EEG, suggest reduced thalamus-PFC connectivity [12, 119, 121].

Moreover, MDN and LGN have been showed to serve as “higher-order” and
“first-order” relay nuclei, respectively [12, 121]. “High” and “first” in order refer to
afferent projections from cortex, specifically layer V, and subcortical structures,
respectively. Very recently, Parnaudeau et al. [122] emphasized MDN-PFC connec-
tivity and its role in higher-order cognitive functions. With the focus distinctly
falling onMDN, TRN-MDN-PFC circuit dysfunction has been suggested to underlie
sleep spindle deficits in schizophrenia in recent studies [122].
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20.3.3 Molecular Correlates

20.3.3.1 Neurotransmitters
The molecular mechanisms underlying sleep spindles have been shown in Fig. 20.1.
A brief summary is given here: The GABAergic neurons in the TRN, which is the
‘pacemaker’ for sleep spindles, are the primary underlying structures. A reduced
baseline noradrenergic and serotonergic signaling during NREMmaintains a relative
hyperpolarized state. Excitatory (glutaminergic) stimulus, predominantly from acti-
vation of ionotropic (or activation of gap junction communications from
metabotropic receptors in its absence), activates the T type calcium (Ca+) channels.
Their subsequent activation of voltage-gated potassium channels leads to membrane
afterhyperpolarization and subsequent generation of highly synchronized bursts, that
is, spindles. Consequently, “rebound bursts” are then generated by glutaminergic TC
neurons after TRN-led GABAergic innervation mediates a series of postsynaptic
events and subsequent depolarization. These rebound bursts send excitatory
efferents to TRN as well as cortical neurons, which in turn excite TRN through
CT neurons; excitatory effects being predominantly glutaminergic [114].

Reduction in the levels of intracellular Ca+ in the TRN, which otherwise has a
high content in healthy individuals, has been hypothesized as one of the pathophysi-
ological factors responsible for sleep spindle deficits in schizophrenia. Reduced
GABA synthesis, secondary to reduction in glutamate decarboxylase enzyme activ-
ity and in GABA membrane transporter density, and therefore impaired GABA
mediated depolarization and rebound bursts in the TC neurons, has also been
suggested to underpin these deficits. One another molecular mechanism that is
implicated to underlie these deficits in the TCT circuit is reduced glutaminergic
activity that stems from reduced N-methyl-D-aspartate (NMDA) glutamate receptor
activity in TC neurons, MDN, and PFC (for review see Ferrarelli [15]) (see
Fig. 20.2). In a gist, this TRN model, with regards to neurotransmitter systems
involved, implicates GABA and glutamine dysfunction.

In addition to GABA and glutaminergic neurotransmission, dopaminergic and
cholinergic systems have also been implicated. GABA deficits in the TCT, specifi-
cally in the TRN, have also been shown to be caused secondary to activation of the
dopamine-4 (D4) receptors; they are found presynaptically on GABA-containing
projections from the globus pallidus to the TRN. Implying a role in insomnia among
schizophrenia patients, abnormal dopaminergic D1 and D2 transmission has been
hypothesized in SWS and REM stage impairments as well [13, 56]. Moreover,
dopaminergic dysfunction has also been implicated in the CRD comorbid with
schizophrenia. Dopamine has been known to promote wake and suppress REM
and non-REM (NREM) sleep, and dysfunctional DR4 in the pineal gland leads to
impaired melatonin release and subsequent CRD [119]. Recently, Yates [123]
suggests a mutual, two-way relationship between dopamine and sleep in schizophre-
nia—elevated dopamine levels causing CRD and in turn CRD increasing dopamine
release and sensitivity. He suggests that interplay between sleep and dopamine is
vital to onset and course of schizophrenia. Reduced striatal dopaminergic neuro-
transmission has been hypothesized in RLS/PLMS. Understandably, RLS/PLMS
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seen in schizophrenia has been attributed to the effects of anti-dopaminergic
agents [81].

With respect to cholinergic neurotransmission, which initiates and coordinates
REM sleep, cholinergic super-sensitivity has been suggested as an underlying
mechanism for REM-related abnormalities in schizophrenia [119]. Specifically,
negative correlation between REM latency and plasma cholinesterase isozyme
activity has been demonstrated in schizophrenia [124]. Role of serotonergic neuro-
transmission in the pathophysiology of sleep deficits in schizophrenia, although
suggested anecdotally in SWS deficits [56], is by and large understudied.

20.3.3.2 Genes
Several genes implicated in spindle physiology have been found to be impaired in
schizophrenia patients. As discussed earlier, T type Ca+ channels in the TRN
neurons are crucial for generation of sleep spindles. Two genes encode these
channels—CaV3.2 (CACNA1H) and the CaV3.3 (CACNA1I). CACNA1I, whose
genetic deletion leads to reduction in spindle generation, has been found to be
significantly associated with schizophrenia [12, 41]. Excess dopaminergic transmis-
sion leading to abnormal activation of D4 receptors, be it in the TRN or in the pineal
gland, has been proposed to be caused by impaired degradation of dopamine. The
catechol-o-methyl transferase (COMT) gene and its encoding enzyme COMT are
responsible for this process and have been implicated in sleep-wake regulation.
Polymorphisms in the COMT gene have been consistently found in schizophrenia
and implicated in comorbid CRD in these patients [119]. Val81Met polymorphism
in the tyrosine hydroxylase (TH) gene, which is also involved in the dopaminergic
neurotransmission, has also been found to be associated with RLS in female patients
with schizophrenia [86].

Strong evidence for sleep-wake or circadian rhythm disturbances and their
association with various endocrine rhythms in schizophrenia (discussed in Sect.
20.2.4.2) has prompted investigations to study molecular rhythmicity
(or molecular oscillatory systems) in this disorder. These studies, although prelimi-
nary, suggest a role (decreased or loss of rhythmic expression) of several clock genes
in schizophrenia [125–127]. They are the Circadian Locomotor Output Cycles
Kaput (CLOCK), PERIOD (PER) 1, 2 and 3, TIMELESS (TIM), and the
Cryptochrome (CRY)-1 genes. Particularly, the CLOCK gene has been suggested
to be related with dopaminergic neurotransmission [125]. Interestingly, schizophre-
nia patients with CLOCK polymorphisms have been suggested to be at a higher risk
of RLS as well [128].

Other genes that have been suggested to be associated with RLS in schizophrenia
are BTBD9 and GNB3 [129]; their exact role in the pathophysiology of sleep in
schizophrenia is yet to be clearly determined.
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20.4 Bidirectional Relationship

Unlike conditions like depression, mania, anxiety, etc., where sleep disturbances are
considered primary symptoms of the illness, sleep impairments in schizophrenia are
traditionally considered to arise secondary to other core symptoms [130]. Over the
course of this chapter, so far, we gather enough evidence to suggest a significant
relationship between schizophrenia and sleep disturbances. Understanding the direc-
tion of this relationship is also crucial, especially from a treatment point of view.
Both directions, schizophrenia psychopathology leading to sleep deficits and vice
versa, have been postulated (for understanding sake, these will be referred in this
chapter ahead to as “forward” and “backward” directional hypothesis, respectively).
In addition, existence of a common pathway that explains or binds the two of them
has also been suggested. This subsection describes evidence available on each of
these three hypotheses. While reports of schizophrenia like psychotic symptoms in
established cases of primary sleep disorders is an area to probe, studies on sleep
disturbances across various stages in the schizophrenia illness course also are
relevant in this regard. Studies assessing cognition in the context of sleep and
schizophrenia are also described here. Endorsing a need to highlight the context of
backward hypothesis, initially we discuss occurrence of psychotic symptoms sec-
ondary to sleep deprivation in healthy individuals.

20.4.1 Psychotic Symptoms in Sleep Deprived Healthy Population

Studying psychiatric sequalae of sleep deprivation in healthy individuals is an area
that received fair attention in the recent past. The World Health Organization’s
World Health Survey (WHS), a 70 country, population-based survey, found a strong
association between sleep problems and psychotic symptoms in general population,
globally [131]. Two very recent papers [132, 133] systematically reviewed various
experimental and observational studies with an aim to assess causal association
between sleep disturbances and psychotic and related phenomena. Barton et al.
[132] report that insomnia is associated with psychotic-like, dissociative, and hypo-
manic experiences. They also report an association between hypomanic experiences
and evening-ness chronotype and circadian dysrhythmia; evening-ness chronotype,
that is, working more efficiently in the evenings, going to sleep late at night, and
waking-up late in the morning, was linked to dissociative experiences as well.
Experimental sleep-manipulation studies consistently show a potential causal link
between sleep loss and psychotic-like phenomena [132, 133]. While complex
hallucinations and disordered thinking start to occur by 48 h of sleep deprivation,
delusions, hallucinations in all sensory modalities, and a picture resembling acute
psychosis occur by the third day without sleep [133]. Very recently, Reeve et al.
[134] compared sleep loss condition (restricted to 4 h sleep for 3 nights for 2 consec-
utive weeks) with standard sleep condition and found that sleep loss is significantly
associated with paranoia, hallucinations, and cognitive disorganization, apart from
impaired emotional valence and working memory.
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20.4.2 Psychotic (Schizophrenia) Symptoms in Sleep Disorders

Section 20.2 of this chapter describes various sleep disorders encountered in patients
with schizophrenia. Various studies described in that section, by and large, report
sleep comorbidities in established cases of schizophrenia (forward hypothesis). In
this subsection, we attempt to focus on occurrence of schizophrenia/psychotic
symptoms in cases of sleep disorders.

Most evidence for a backward directional relationship is available for narcolepsy.
Specifically, narcolepsy type 1, that is, NT1, has been consistently found to present
with psychotic symptoms along the course of its illness [98–102]. Data on schizo-
phrenia/psychotic symptoms in established cases of insomnia are very sparse.
However, very recently Cosgrave et al. [135] found psychotic-like experiences to
be significantly greater in persons with insomnia compared to the control group.
Although a bidirectional cause-to-effect relationship between RLS and schizophre-
nia has been suggested by Mackie and Winkelman [136], data to test this hypothesis
are largely insufficient.

20.4.3 Sleep Disturbances Across Various Stages of Schizophrenia

20.4.3.1 Prior to Illness Onset/Prodromal States/Clinical
(or Ultra)-High-Risk (CHR/UHR)

Two sets of studies, that is, those assessing sleep disturbances prior to illness onset
retrospectively and those assessing them in CHR/UHR subjects, have been found.
Some studies including CHR/UHR assessed the validity of sleep disturbances in
predicting psychosis onset as well.

Abnormalities in sleep disturbance (in general), sleep duration (i.e., insomnia),
and sleep continuity have been reported prior to illness onset in schizophrenia
patients, consistently; some in fact date back sleep disturbances to early childhood
(for review, see Davies et al. [6]; Lunsford-Avery and Mittal) [137]. These reports
are predominantly retrospective chart reviews or family/parent/self-interviews. Sleep
disturbance during remission has also been suggested as an important predictor of
relapse in schizophrenia [8, 138].

Studies conducted on CHR/UHR individuals also report disturbances in sleep
continuity and architectural measures. While reduced subjective sleep quality,
reduced sleep efficiency, increased sleep onset latency, and increased wake time
after sleep onset are the sleep continuity disturbances, increased slow wave sleep,
greater PLMs, increased REM onset latency, and reduced REM% are the impaired
sleep architecture measures (for reviews, see Davies et al. [6]; Lunsford-Avery and
Mittal [137]; Zanini et al. [139]). Recently, Poe et al. [140] assessed sleep
disturbances in 194 CHR individuals and found that they are significantly greater
in this group compared to healthy controls, and that these sleep disturbances were
significantly correlated with greater positive and negative symptoms and impaired
overall functioning. While most of these studies are either polysomnographic or
actigraphic, very recently, Waite et al. [141], using qualitative thematic analysis,
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found disrupted sleep timing as the characteristic hallmark of sleep problems in UHR
individuals.

Interestingly, longitudinal studies assessing onset of psychosis in UHR
individuals consistently have found sleep disturbances at recruitment to predict not
only transition to psychosis but also increased positive symptom severity
[142, 143]. A mediating role of depression and anxiety, however, has been found
[138]. While these studies assessed sleep disturbance in general or sleep continuity
measures, Lunsford-Avery et al. [144] assessed CRD in UHR individuals and found
them to be a possible vulnerability marker for emergence of psychosis. This study
findings support the “two-way relationship between dopamine and sleep in schizo-
phrenia” hypothesis by Yates et al. [123], which was based on a moderating role of
CRD. A study by Alderman et al. [145], however, did not find sleep disturbances in
UHR individuals to be significant predictors of transition to psychosis.

Of note, a few studies that assessed sleep profiles in genetic-high-risk, that is,
unaffected first-degree relatives, have shown sleep architectural abnormalities in
slow wave sleep [11, 146], REM sleep [146], and integrated spindle activity
[10]. These reports suggest that these measures might be trait/endophenotype
markers for schizophrenia. Interestingly, across all these studies, it has been seen
that sleep continuity measures are unaltered in relatives.

20.4.3.2 Early/First-Episode Versus Chronic Schizophrenia
Impaired sleep macro- and microstructure (as discussed in Sects. 20.2.1 through
20.2.3) are well documented in early/first-episode schizophrenia patients, [6] there-
fore suggesting that duration of illness and hence chronicity of symptoms do not
necessarily lead to these impairments. In fact, studies comparing sleep profiles across
various phases of illness report no substantial difference [27, 147]. Anecdotal evi-
dence, albeit inconsistently, however report poorer sleep quality in chronic schizo-
phrenia cases compared to recent onset cases [148].

A meta-analysis by Chouinard et al. [149] on drug-naïve/untreated patients rules
out significant confounding, moderating effect of medications on sleep impairments
in schizophrenia. Rather, a clinical review by Monti and Monti [27] report
counteracting effects of antipsychotics on sleep impairments in schizophrenia
patients, across various phases of illness.

Although significantly impaired sleep profile in schizophrenia patients across
various phases of established illness and significant association between impaired
sleep measures and various symptom complexes have been demonstrated (also
discussed in Sect. 20.2), surprisingly sparsely has there been an attempt to under-
stand the directionality of relationship between sleep and schizophrenia symptom-
atology. Perhaps only very recently, Reeve et al. [150] using mixed effect models
showed that insomnia predicted hallucinations later on than vice versa, and that the
association between insomnia and paranoia was bidirectional.

20.4.3.3 Relapse
Reeve et al. [138], in their systematic review, identified three studies that assessed
sleep disruption as a predictor of relapse in schizophrenia. They suggest that sleep
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disruptions allow us to detect an impending relapse, with acceptable sensitivity and
specificity.

20.4.3.4 Moderating Role of Cognitive Dysfunction
Increasingly, schizophrenia is being conceptualized and treated as a neurocognitive
disorder [151], more so with its core symptoms and outcome being understood based
on cognitive impairments [152–154].

With evolving evidence from neurosciences, the role of sleep in cognitive
functions, specifically learning and memory, has changed from being passive to
more active. While focus of earlier research was REM sleep, more recently the
highlight has been on SWS and sleep spindles. In short, sleep spindles/SWS and
REM sleep have been shown to be involved with consolidation of memories and
executive functioning, respectively [155–157]. As sleep macro- and microstructural
abnormalities related to these stages of sleep have been found in schizophrenia
patients (Sects. 20.2.2 and 20.2.3), a causal association between sleep and cognitive
deficits has been hypothesized [130]. Correspondingly, experimental studies have
found associations between sleep spindle deficits and impaired sleep-related mem-
ory consolidation [158] and between reduced REM latency and impairment in
executive functions [159]. However, some negative results in this regard have also
surfaced recently [160]. Moreover, the TRN, the TCT networks, and clock genes
implicated in core sleep deficits, that is, sleep spindles and SWS, in schizophrenia
have been implicated in memory-related plasticity [41, 119].

Nevertheless, studies assessing the longitudinal course of sleep deficits, cognitive
impairments, and other psychotic symptoms are necessary to objectively test the
hypotheses proposed.

20.5 Treatment

Sleep disturbances needs to be treated due to its impact on core psychotic phenom-
ena, quality of life, and social functioning in schizophrenia. Various strategies have
been proposed.

20.5.1 Deep Sleep Therapy

Deep sleep therapy, though only of historical importance, marks an important
landmark in the biological therapies for schizophrenia. Zurich-Burghölzli psychia-
trist Jakob Klaesi (1883–1980) used a combination of two barbiturates for deep sleep
therapy (putting patients into a therapeutic stupor) in 1920. The idea was previously
attempted with other barbiturates and with bromine. This therapy was occasionally
used as a remedy for psychotic illness in the 1930s and 1940s. Deep sleep therapy
lists as one of the early somatic therapies along with insulin coma therapy and
electro- and chemical convulsive therapy. Its use ceased, rather completely, after the
introduction of chlorpromazine in the early 1950s [161].
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20.5.2 Pharmacological Strategies (I): Insomnia

Currently, there are no clear recommendations regarding the most effective pharma-
cological treatment approach for insomnia in patients with schizophrenia
[162]. Sleep-inducing effects of antipsychotics are largely utilized in clinical
settings. Barring eszopiclone, most of the recommended treatments for primary
insomnia, such as zaleplon, zolpidem, ramelteon, doxepin, and suvorexant, have
not been studied adequately in schizophrenia probands [163]. Interestingly, diaze-
pam, a classical benzodiazepine hypnotic, has been found to be effective in halting
psychotic progression in those with early signs of exacerbation in a randomized
controlled trial (RCT) by Carpenter et al. [164] Among the off-label options, only
melatonin, paliperidone, and sodium oxybate have been systematically studied and
are described briefly in this section (for detailed review, please see Stummer et al.
[15]).

20.5.2.1 Antipsychotics
Antipsychotics improve overall quality and efficiency of sleep by reducing psychotic
hypervigilance; mostly explained by its anti-dopaminergic actions. Moreover,
GABAergic deficits secondary to activation of dopaminergic neurotransmission
(discussed in Sect. 20.3.3.1) have been suggested to be undone by dopaminergic
antagonism, primarily. Antagonistic effects at histaminergic and alpha-1 adrenergic
receptors help enhance sleep, more directly. Anticholinergic effects have been
shown to decrease the intensity of REM sleep and lengthen REM latency. Serotonin
receptor antagonism has been shown to promote sedation and slow wave sleep as
well [15]. A summary of effects on various sleep parameters (continuity and
architectural) is provided in Table 20.4 (for review, see Stummer et al. [15] and
Katshu et al. [165]). Antipsychotic effects on sleep are discussed in detail in
Chap. 41).

Limited but available data on head-to-head comparisons show risperidone to be
better than haloperidol, chlorpromazine, and flupentixol and, olanzapine to be better
than clozapine (especially with respect to SWS) [15]. However, as a norm, more

Table 20.4 Effects of various antipsychotics on sleep parameters

SE TST SOL NREM1 NREM2 SWS REM WASO

Haloperidol + + +

Thiothixene + + +

Flupentixol + + +

Clozapine + + + +

Risperidone + + +

Olanzapine + + + + + + +

Paliperidone + + +

Adapted from Stummer et al. [15], Katshu et al. [165], and Oliveira et al. [167]; SE sleep efficiency;
TST total sleep time; SOL sleep onset latency; NREM1 non-rapid eye movement-stage 1; NREM2
non-rapid eye movement-stage 2; SWS slow wave sleep; REM rapid eye movement; WASO wake
time after sleep onset
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sedating second-generation antipsychotics such as quetiapine, olanzapine, or risper-
idone have been utilized for treating insomnia in schizophrenia [166]. Moreover, a
switch to second-generation antipsychotic from a first-generation antipsychotic has
been shown to improve subjective sleep quality, which also correlates with improve-
ment in negative symptoms [15]. Although investigation into improvement in sleep
profile with quetiapine is carried out less systematically, its use in low dosages
(25–75 mg) as an augmentation is largely evidenced from practice-based data
[15]. Paliperidone has been the only systematically (i.e., randomized, placebo-
controlled trial designs) studied antipsychotic for the treatment of insomnia in
patients with schizophrenia. Paliperidone (3–12 mg) has been shown to increase
increased total sleep time, decreased latency to sleep onset, improved sleep quality,
and decreased daytime drowsiness [15, 167].

20.5.2.2 Melatonin
Ever since Ferrier et al. [168] in 1982 showed that schizophrenia probands with
insomnia to have disturbed patterns of melatonin secretion (to the order of 2:3), use
of melatonin in this regard has gained attention. Moreover, recent studies also
suggest its role in reducing brain oxidative stress [169] and in the
neurodevelopmental etiology of schizophrenia [170]. While Stummer et al. [15] in
a very recent review identified three trials using melatonin in the treatment of sleep in
schizophrenia, Oliveira et al. [167] in their systematic review include two trials using
melatonin alongside one each for eszopiclone and paliperidone for treating insomnia
in schizophrenia. Both report good tolerability and improvement with melatonin
(average dosage 2–3 mg) in sleep efficiency and additional therapeutic benefits in
attenuating metabolic adverse effects of second-generation antipsychotics.

20.5.2.3 Zopiclone/Eszopiclone
Non-benzodiazepine sedatives have been shown to accentuate slow wave sleep with
minimal effects on REM sleep in contrast to benzodiazepines. Eszopiclone has been
shown to increase sleep spindles during NREM stage 2 in schizophrenia patients,
even in those without insomnia, [171] hence holding up promise in improving
neuronal plasticity. A recent meta-analysis by Kishi et al. [172], which included
three trials that studied the use of eszopiclone for insomnia in schizophrenia,
concluded the molecule might be helpful in improving severity of insomnia. This
meta-analysis also reports alpidem, another related “Z” drug, to have shown superi-
ority in improving the overall schizophrenia symptoms, compared to placebo. Very
recently, Mehta et al. [173] showed that eszopiclone is helpful in ameliorating
persistent negative symptoms.

20.5.2.4 Sodium Oxybate
Sodium oxybate is routinely recommended in the treatment of cataplexy and narco-
lepsy [174]. Way back in the early 1980s, Levy et al. [175] reported a negative trial
on the use of sodium oxybate in the treatment of schizophrenia. However, on a
background of a hypothesis that GABA-B receptor agonists increase slow wave
sleep, a systematic 4-week open-label trial by Kantrowitz et al. [176] showed that
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sodium oxybate (4.5 g/night titrated up to 9 g/night) improved subjective sleep
quality, slow wave sleep, and total PANSS scores, with no additional benefits in
cognition. Potential risk of abuse with this molecule, however, remains a concern
over the therapeutic benefits [15]. Also there are anecdotal reports of sodium oxybate
inducing or exacerbating psychotic symptoms [177] and cause sleep apnea [178].

20.5.3 Pharmacological Strategies (II): Other Comorbid Sleep
Disorders

Strategies for treatment of comorbid disorders like OSA, narcolepsy, CRD,
nightmares, and RLS/PLMS are described in detail elsewhere (Chaps. 16, 17, 18,
19, 20, respectively). Consultation liaison between a psychiatrist and sleep
physicians is suggested while managing these comorbid disorders, especially when
having to treat with drugs that are routinely not used in psychiatric settings. In the
context of schizophrenia, there are certain points that need to be specified for each of
these disorders.

• RLS/PLMS: It is important to understand the role of antipsychotics in the
causation of RLS/PLMS and also essential to differentiate it from
antipsychotic-induced akathisia (described in Sect. 20.2.4.3). First-generation
antipsychotics (FGAs) are less often reported to induce RLS than second-
generation antipsychotics (SGAs), especially those with lower dopamine receptor
occupancy, [179] an exception being aripiprazole. Aripiprazole not only seems to
be less likely among all antipsychotics to cause RLS, but also has been used in the
treatment of RLS [180–183]. However, an anecdotal case of aripiprazole-induced
RLS also has been reported [184]. Gabapentin has been successfully used in the
treatment of antipsychotic-induced RLS [179]. Caution should always be noted
before initiating treatment of RLS with dopamine agonists like ropinirole and
pramipexole, as these drugs are known to precipitate psychosis [185, 186].

• OSA: While on one hand psychotic symptoms have been reported to improve
when comorbid sleep apnea is successfully treated; [93] on the other hand,
antipsychotics (especially SGAs), mediated with their association with impaired
metabolic profile, precipitate OSA [187]. Continuous positive airway pressure
(CPAP) therapy remains the mainstay [92].

• Narcolepsy: Modafinil/armodafinil and sodium oxybate are the mainstay treat-
ment for excessive daytime sleep and cataplexy in narcolepsy [188]. As discussed
earlier in the previous section, sodium oxybate is also being used as an adjunct for
treating insomnia in schizophrenia. Modafinil/armodafinil, although not success-
fully, have been studied as adjuncts in the management of cognitive and negative
symptoms [189].

• Nightmares: Prazosin has been suggested for nightmares in patients with
schizophrenia [105].
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• Sleep state misperception (SSM): Although some benzodiazepines and Z-drugs
have been shown to improve sleep perception in cases of primary insomnia by
improving sleep itself [107], no data are available on schizophrenia patients.

20.5.4 Non-pharmacological Strategies

Waters et al. [162] found that cognitive behavior therapy (CBT) was the most
preferred option (even preferred over pharmacotherapy) for treatment of insomnia
among schizophrenia patients. While patients perceived pharmacological treatment
as a short-term solution only, they saw CBT to have a potential to support and
empower them in taking responsibility for their own recovery. Moreover, CBT for
insomnia (CBT-I) is considered as a first-line recommended treatment for insomnia,
generally [190]. Initially, Myers et al. [191] in a case series demonstrated feasibility
and benefits of using CBT-I in schizophrenia with persecutory delusions. A
subsequent pilot RCT demonstrated a significant reduction in insomnia (with a
large effect size; d ¼ 1.9) among patients with persistent delusions and
hallucinations [192]. In a recent open-label trial, Chiu et al. [193] emphasized on
the effectiveness of CBT-I for insomnia in schizophrenia; they emphasize that
CBT-I ought to be tailored to the person and their insomnia presentation. Waite
et al. [194] recommend adaptations in several factors specific to the context of sleep
problems in schizophrenia for CBT. These include delusions and hallucinations
interfering with sleep, attempts to use sleep as an escape from voices, circadian
rhythm disruption, insufficient daytime activity, and fear of the bed based upon past
adverse experiences.

Psychological treatment may also be essential for management of nightmares,
which have been found to be the second most reported sleep complaint in schizo-
phrenia [60]. Image rehearsal therapy (IRT), apart from prazosin, has been found to
be helpful in these patients, especially in the early phases itself as an adjunct to
standard treatment [105]. Behavioral approaches, primarily involving corrective
feedbacks, have been used in “reversing” misperception of sleep in SSM
[107]. While the long-term utility of these techniques are yet to be investigated, no
study so far has specifically studied schizophrenia patients.

Brain stimulation therapies also have a role in improving sleep in schizophrenia.
Limited but available literature on utility of electroconvulsive therapy (ECT) on
sleep in schizophrenia suggests that it improves sleep efficiency, REM latency, and
REM density [195]. Interestingly, Kim et al. [196] in an animal model reported
electroconvulsive seizure to alter expression and daily oscillation of circadian genes
that are implicated in sleep deficits in schizophrenia. Göder et al. [197] investigated
the use of transcranial direct current stimulation applied during night in schizophre-
nia patients. Although they did not report any significant differences in sleep
parameters compared to sham condition, they found improvements in certain cogni-
tive variables. While use of transcranial magnetic stimulation in improving sleep
profiles has been considered in psychiatric disorders such as depression [198], its use
in schizophrenia is sparse.
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Among complementary and alternative treatments, acupuncture has shown to
improve several impaired sleep parameters in schizophrenia patients—SOL, SE, and
WASO [199].

20.6 Approach to a Patient

As per the literature reviewed over the course of this chapter, we present an
algorithm on how to approach a patient of schizophrenia with sleep disturbances
(see Fig. 20.3). This algorithm does not represent strict guidelines (which are
nonexistent due to limited data) but provides a rough guide in approaching this
subset of patients.

This self-explanatory algorithm is divided into various phases, which define such
an approach. They begin with clinical history and assessment, moving on to labora-
tory assessments (primarily polysomnography) and review of existing treatments
corresponding to various phases of illness. Emphasis on reviewing sleep symptoms
on each visit has been made, especially where clinical history does not reveal either
subjective or objective sleep complaints. The algorithm culminates in management
phase, which is classified into those treated on traditional-psychiatry lines and those
requiring consultation liaison with sleep physicians.

20.7 Conclusion

Although sleep and its disturbances do not form a necessary domain in diagnosing
schizophrenia according to existing classificatory systems, they are worth evaluating
in each case. Sleep disturbances and disorders are commonly comorbid with schizo-
phrenia. Most consistent evidence is in the form of insomnia and specifically sleep
spindle and slow wave sleep deficits, apart from macrostructural abnormalities like
reduced total sleep time and efficiency, increased sleep onset latency, and nighttime
wakefulness. Preliminary data from both animal and human studies point to the
thalamic reticular nucleus and abnormalities in the thalamo-cortical-thalamic net-
work as the basic pathophysiological unit for sleep disturbances in schizophrenia.
Although traditionally sleep disturbances were thought to be secondary to schizo-
phrenia symptoms, the relationship between the two is bidirectional and rather
intricate. Although limited number of studies are available on specific treatment
strategies for sleep disturbances/disorders in schizophrenia probands, an accountable
guidance for treatment approach could be put forth. Proper attention to assessment of
sleep in schizophrenia and treatment of its disturbances can be the key in improving
overall prognosis of this disorder. Certainly, data from high quality research (both
experimental and clinical) studies are needed for improving the management
guidelines.

422 S. K. Tikka and S. Garg



Fig. 20.3 Algorithm for approach to assess and manage sleep disturbances in patients of schizo-
phrenia. CRD circadian rhythm disruption; RLS restless leg syndrome; PLMS periodic limb
movement syndrome; OSA obstructive sleep apnea; PSG polysomnography; SSM sleep state
misperception; TST total sleep time; SE sleep efficiency; SOL sleep onset latency; NREM1
non-rapid eye movement-stage 1; NREM2 non-rapid eye movement-stage 2; SWS slow wave
sleep; REM rapid eye movement; WASO wake time after sleep onset; FGA first-generation
antipsychotic; SGA second-generation antipsychotic; ECT electro-convulsive therapy; rTMS repet-
itive transcranial magnetic stimulation; tDCS transcranial direct current stimulation; CPAP contin-
uous positive airway pressure; CBT-I cognitive behavioral therapy for insomnia; IRT image
rehearsal therapy
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