1duosnue Joyiny 1duosnuep Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Author manuscript
Depress Mind Body. Author manuscript; available in PMC 2015 September 09.

-, HHS Public Access
«

Published in final edited form as:
Depress Mind Body. 2009 ; 4(3): 102-110.

The Effect of Sleep Disturbances on Major Depressive Disorder

Wilfred R Pigeon, PhD, CBSM
Department of Psychiatry, Sleep & Neurophysiology Research Laboratory, University of
Rochester Medical Center, Rochester, NY, USA

Abstract

Sleep disturbances not only commonly occur in major depressive disorder, but constitute one of
the symptom criteria. Importantly, there is growing inference that sleep disturbances may be more
than a symptomatic byproduct of depression; poor sleep may play a role in the development or
clinical course of depression, or both. This article reviews the prevalence of the two major classes
of sleep disorders, the insomnias and the sleep-disordered breathing disorders, as they pertain to
depression. Beyond prevalence, the empirical evidence reviewed suggests that insomnia is a risk
factor for depression and that obstructive sleep apnea (OSA) is highly associated with depression.
Preliminary evidence indicates that OSA may also be a risk factor for this disorder. The
implications of these findings for the treatment of sleep disturbances either prior to or in the
context of depression are discussed.

The effect of sleep disturbances on major depressive disorder

There is widespread agreement that sleep and depression are intricately linked; however, the
extent to which sleep disturbances play a causative and deleterious role in mood regulation
are less established. Although there is a sizable body of literature on this topic, it suffers
from a number of deficiencies. To begin with, “sleep disturbance” is a broad term that is not
disease-specific but encompasses both a range of diagnostic entities, such as sleep apnea and
insomnia, and conceptual constructs, such as poor sleep quality. Studies vary with respect to
how sleep disturbance is operationalized, even when a specific disease entity is named (e.g.
insomnia). This is especially true for epidemiological studies and those in which depression,
and not sleep, is the primary outcome. Findings from such reports are often based on one or
more single-item measure of sleep complaints, either specifically developed for the study or
embedded within the other instruments applied. This has been validated in some instances.
For example, the Hamilton Rating Scale for Depression (HAM-D) has three items related to
early-, middle-, and late-night insomnia, respectively [1]. These have been found to load on
the same factor of the HAM-D [2], and as a subscale have been shown to detect
improvements in insomnia associated with the effective treatment of depression [3], and to
have convergent validity with prospective measures of insomnia derived from a week of
daily sleep diaries [4].
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In addition, the term “risk factor” is often used but not defined in specific reports linking one
condition (e.g. sleep apnea) to another (e.g. depression). In particular, cross-sectional
studies, by most definitions, cannot be used to support a claim for sleep as a risk factor for
depression.

Finally, the symptom criteria for major depressive disorder (MDD), as detailed in the DSM-
IV [5], include two symptom sets related to sleep. The first is directly related: “insomnia or
hypersomnia”. Both of these are considered diagnostic entities in their own right and each
may be induced by medical, psychiatric, or substance abuse conditions as well as by any
number of medications. Hypersomnia, in particular, is often associated with sleep-related
breathing disorders such as sleep apnea. The second sleep-related criterion for MDD is
“fatigue or loss of energy”. This has a more indirectl relationship with sleep as fatigue may
arise from numerous causes, but it is important to note that fatigue is itself a frequent
consequence of insomnia. Thus, even at this nosological descriptive level, there are a
number of overlaps between sleep and depression.

This article will adopt the conventions of stating the specific disease entity in question when
sufficiently operationalized, explicitly stating when this is not the case, and will only use the
designation of “sleep disturbance” as an all-encompassing term. A risk factor, as defined by
Beck [6], is part of the causal chain and requires temporal evidence, which can only be
derived from longitudinal studies. Cross-sectional data will be considered as evidence of a
“risk indicator”, defined by Burt as a probable or putative risk factor [7]. The article will
review those major sleep disorders that have high prevalence rates (the insomnias, sleep-
disordered breathing [SDB] disorders, and movement disorders) — which also tend to
increase across the lifespan [8-10] — and will discuss the extent to which they are associated
with, or contribute to, the development or clinical course of MDD. Furthermore, the term
“depression” is used instead of MDD when the data reviewed is based on a depression scale
rather than an actual clinical diagnosis or structured clinical interview.

Insomnia and MDD

There is a sizable body of literature on the relationship between insomnia and MDD that
suggests insomnia is associated with, as well as a risk factor for, new-onset and recurrent
depression [11,12]. Both disorders are highly prevalent and frequently co-occur across all
age ranges, and especially in older cohorts [13,14]. Cross-sectional data allow for estimates
of prevalence rates as well as estimates of co-occurrence. Longitudinal studies, meanwhile,
allow for the direct assessment of risk factors.

Prevalence estimates for insomnia and depression

Although variably defined across community and epidemiological studies, the prevalence of
insomnia is approximately 16% while that of depression is approximately 9%. Notably, rates
partly vary in accordance with the stringency of diagnostic criteria used in the investigations
in question. Prevalence data from nine such studies, comprising a total of 38 370
participants, are summarized in Figure 1, and show that these disorders co-occur in
approximately 4% of the general population. In addition, Figure 2 illustrates that the
prevalence of insomnia in the context of depression (49%) is approximately twice that of
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depression in the context of insomnia (27%). Such data suggest that insomnia is a risk
indicator for depression.

Longitudinal studies of insomnia and depression

Longitudinal studies provide additional insight into the relationship between insomnia and
depression. A study by Perlis et al. addressed the development of recurrent episodes of
depression [15]. Subjects who experienced a recurrence of depression during a 42-week
period were matched with controls with no recurrence over the same time period [15]; both
groups were assessed weekly using the Beck Depression Inventory (BDI) [16]. The
recurrent depression group exhibited an elevated level of insomnia, commencing 5 weeks
prior to recurrence, compared with the non-recurrent group. Moreover, the insomnia
symptom cluster was the most prominent depressive symptom cluster leading up to the
depressive episodes in the recurrent group, and it reached its peak in the week of recurrence.
Although from a single study, the findings suggest that insomnia is both a risk factor for,
and a prodromal sign of, a recurrent depressive episode.

The majority of longitudinal studies on this subject have assessed whether insomnia
occurring at certain time points predicts depression at a succeeding time point. These
include several studies assessing the onset of new depression over a 1-year period. Three
such studies investigated mixed-age populations, and found that insomnia posed an
increased risk of developing depression with odds ratios (OR) ranging from 5.4 to 40 [17-
19]. Based on epidemiological study data from Zirich, Switzerland, which included
assessment of insomnia and depression across six time-points over a 20-year span, Buyssee
and colleagues found that the presence of insomnia absent depression at each time point was
strongly associated with the presence of co-occurring insomnia and depression at the
subsequent time point [20]. Similar although less robust findings were observed for the
presence of depression absent insomnia, which was associated with subsequent co-occurring
insomnia and depression.

Studies conducted in adolescents and young adults have reported similar findings. In a large
sample of adolescents, the presence of insomnia was associated with the occurrence of
depression in young adulthood, 6—7 years later [21]. In a sample of 21-30-year-olds, and
controlling for prior depressive symptoms, those reporting =2 weeks of insomnia occurring
nearly every night at any point in their lives were at an increased risk of developing new-
onset depression at a 3-year follow-up compared with those with no history of insomnia (OR
2.4, 95% confidence interval [CI] 1.2-4.8) [22]. In a study that began with college-aged
men, insomnia while at college conferred a relative risk of 2.0 (95% CI 1.2-3.3) for the
development of depression at some point during the following 30 years [23].

Studies conducted in older-aged cohorts have produced similar, but slightly mixed, findings.
In 147 patients with no prior history of depression, the presence of persistent insomnia at
baseline was associated with new-onset depression 1 year later, but only in women [24]. In
524 community-dwelling elderly subjects, insomnia at baseline and 3 years later compared
with no insomnia or insomnia at only one time point was associated with depression at 3-
year follow-up [25]. In a re-analysis of this dataset including only subjects with activity
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limitations and no psychiatric morbidity at baseline, baseline insomnia was not associated
with depression at 3 years [26]. Roberts et al. found that insomnia at baseline was associated
with an increased risk of depression 1 year later (OR 2.5 95% CI 1.7-3.7) and that insomnia
at both time-points carried an eight-fold increased risk of depression, although other factors
were more significant predictors [27]. In older adults followed for 12 years [28], baseline
insomnia was an independent predictor of depression in women only (OR 4.1 95% CI 2.1-
7.2). In 771 elderly subjects, only initial insomnia (nhot middle of the night or early morning
awakening) that occurred both at baseline and at 3 years was associated with the
development of new depression at 3 years [29]. Finally, a meta-analysis of studies conducted
in older adults found that sleep disturbance (OR 2.6) was second only to recent bereavement
(OR 3.3) as the major risk factor for late-life depression [30]. Across all age groups, the
evidence suggests that both incident and persistent insomnia predict new-onset depression,
although the findings are not unanimous and insomnia is not the sole risk factor. Taken as a
whole, these longitudinal studies support insomnia as a risk factor for depression
development [31]. It would appear that insomnia is part of the causal chain for many
individuals who develop depression.

Treatment studies of insomnia and depression

Departing from the epidemiological data, findings from treatment trials of depression have
shown that insomnia is often a residual symptom following antidepressant medication
treatment [32—35]. This has been demonstrated in a fluoxetine trial in which disturbed sleep
and fatigue were the most common residual symptoms among depression remitters (present
in 44% and 38%, respectively) [34]. In a trial of nortriptyline, depression remitters
demonstrated significant reductions in sleep disturbance scores, but their mean score
remained above clinical cutoff levels and was higher than that of healthy controls [36].
Similar observations have been made in studies of cognitive—behavioral therapy (CBT) for
depression [37,38]. In two separate randomized depression treatmet trials comparing CBT
with antidepressant medication, approximately 50% of those with remitted depression in
each treatment arm had residual insomnia [39,40]. Of course, this also means that
approximately half of treatment responders did not have residual insomnia; however, it is
notable that for some individuals insomnia persists despite successful treatment of
depression.

In an informative analysis of data from a stepped-care depression management trial for older
adults in primary care, patients with insomnia that persisted between baseline and 3-month
assessments had a diminished depression treatment response at 6 and 12 months compared
with patients with insomnia at one or neither of the initial assessments [41]. This finding
expands the notion of insomnia as a risk factor for depression to include comorbid insomnia
as a risk factor for unremitting depression.

Equally informative data come from treatment trials of insomnia in which depression is
reported as an outcome. In two uncontrolled studies of patients presenting with insomnia
and depression who received CBT for insomnia, improvements were seen in both sleep and
depression [42,43]. In two randomized, controlled trials, simultaneous treatment of insomnia
and depression improved both conditions to a greater effect than treatment of the depression
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alone [44,45]. One of these studies found that concomitant treatment with fluoxetine and
eszopiclone was superior to fluoxetine alone in reducing depression severity and time to
response [44]. The other found that concomitant treatment with escitalopram and CBT for
insomnia produced a higher rate of remission for depression and insomnia than escitalopram
alone [45]. This particular set of studies highlights insomnia as a risk factor for depression
that can be modified to the benefit of both conditions.

In summary, insomnia represents a true risk factor for the development of new-onset and
recurrent depression. It presages a recurrent episode and serves as a treatment barrier to full
recovery from antidepressant therapy. While not tested, we can hypothesize that left
untreated, residual insomnia represents a risk factor for relapse. When it is treated, the
available data suggest that insomnia can resolve in the context of ongoing depression, and
that by targeting the insomnia, additional gains can be derived.

Theoretical basis for how insomnia affects depression

While speculative, the effect of insomnia on the clinical course of depression most likely
results from an interaction between psychological and biological factors [11]. Insomnia,
when chronic, is associated with increased fatigue and a diminished ability to cope with life
stressors, and can be perceived as a loss of control. These factors, in turn, may initiate the
classic depression schema of helplessness and hopelessness. In essence, insomnia becomes a
consistent life stressor. This sets the stage for neuroendocrine imbalances such as limbic
hyperarousal, increases in aminergic tone, and serotonin deficiency, producing a set of
symptoms common to both insomnia and depression (anhedonia, fatigue, and memory and
concentration problems). In its worst form, this set of psychological and biological changes
may give rise to interpersonal problems, social withdrawal, and/or cognitive distortions that
underlie MDD.

An interesting piece of evidence comes from the paradoxical finding that acute sleep
deprivation has acute antidepressant effects (e.g. [46]). While acute sleep deprivation differs
substantially from chronic insomnia, it has been proposed that insomnia initially occurs as a
compensatory phenomenon in MDD to increase serotonergic tone but, unlike its sleep
deprivation counterpart, cannot reach a level that exerts an antidepressant effect [47-49].
Even so, if insomnia represents a failed attempt at homeostatic regulation then the regulated
sleep deprivation that is a cornerstone of cognitive—behavioral interventions may succeed
where the endogenous regulatory response fails. Behavioral treatment of insomnia,
therefore, might exert direct antidepressant effects.

This model proposes that insomnia may be a normative initial response to biopsychosocial
stress. However, when insomnia persists beyond the life of the stressor, it becomes a risk
factor for the development of new-onset depression (Fig. 3). As has been reviewed
elsewhere, other candidate mechanisms or models for the role of insomnia-related sleep
disturbances in the pathophysiology of depression include opiod, serotonergic, adenosine,
and psychostimulant hypotheses as well as homeostatic models for re-regulation of circadian
disturbances and sleep rebound following sleep loss [46]. What is clear from theoretical
reviews is that the relationship between sleep and depression is strong, but multifactorially
determined.
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Sleep-disordered breathing

SDB encompasses a number of conditions including obstructive sleep apnea (OSA), central
sleep apnea (CSA), and upper airway resistance syndrome (UARS). OSA, which involves
obstruction of the airway during sleep, is the most common form of this family of disorders
and has a prevalence rate of approximately 8% in men and 4% in women, although the
prevalence increases dramatically over the lifespan rising to as high as 20-30% in middle-
age and 50-70% in the elderly [50-52]. UARS is a relatively more recently recognized
condition in which limited or no obstructions are observed, but in which increased
respiratory effort is associated with frequent arousals from sleep. CSA is a cessation of
airflow that occurs due to centrally mediated interruptions in respiratory control. Breathing
alterations may include apneas (nearly full to full cessation of breathing), hypopneas (partial
cessation of breathing), and respiratory event-related arousals. The severity of the conditions
is measured in terms of the number of breathing disturbances that occur per hour of sleep
and reported as either a respiratory disturbance index (RDI) that includes all breathing
events) or an apnea-hypopnea index (AHI) that includes apneas and hypopneas only. The
most conservative conventional clinical cutoff is an AHI or RDI =5 (i.e. 5 events per h of
sleep). Values in this range are indicative of SDB and an AHI of 5-15 is considered to
represent mild apnea. There is unanimous agreement that an AHI =15 represents a clinically
meaningful level of SDB. The vast majority of the extant literature on SDB currently
focuses on OSA, and this is also the case in terms of SDB and depression.

There is one additional clinical SDB presentation worthy of mention and that is
hypersomnia. This is a very common symptom of OSA, and is typically referred to as
excessive daytime sleepiness (EDS) in the sleep literature; this convention will be adopted
here.

SDB and depression

SDB has been shown to have an association with depression. For instance, in a large
epidemiological study of 18 980 individuals from the general population, Ohayon reported
that approximately 18% of those with a sleep-related breathing disorder also met criteria for
MDD; conversely (and perhaps coincidentally), approximately 18% of subjects with MDD
also met criteria for a sleep-related breathing disorder [53]. These findings were
corroborated by Sharafkhaneh et al., who identified over 100 000 patients from a Veterans
Health Administration database with diagnostic codes related to sleep apnea; of these
approximately 22% also had MDD (including depression NOS but excluding dysthymia)
[54].

In OSA specifically, a number of smaller studies with variable assessment strategies have
shown that the rates of depression (or depressive symptoms) among OSA patients can range
approximately 25-50% [55-62]. In a larger study (n=2271) of predominantly male patients
assessed for OSA, no associations between SDB severity and depression were observed
although among the women (n=294), those with severe OSA had higher depression scores
than those with mild OSA [63]. In a separate community study of 427 older adults that
included overnight polysomnography recordings, observer-rated depression significantly
correlated with apnea severity [64], while in one small sample of older adults, 18% of those
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with depression had OSA compared with 4% of healthy elderly controls [65]. In addition,
other factors have been found to partially account for the severity of depression among OSA
patients such as age, body mass index, hypertension, and fatigue [66,67].

A seminal prospective study of SDB was recently accomplished by Peppard and colleagues
[68]. In this novel epidemiological study, 1408 adults completed a depression inventory and
underwent overnight polysomnography at baseline and at one or more other time points over
a 4-year period. Apnea severity was categorized as none, minimal (AHI <5), mild (AHI =5
and <15), and moderate—severe (AHI =15). Compared with patients with no SDB at
baseline, there was an increased risk of developing depression for each level of SDB
severity, with the OR increasing in an exposure—response pattern from an OR of 1.6 (95%
Cl 1.2-2.1) for mild SDB to an OR of 2.6 (95% CI 1.7-3.9) for moderate—severe SDB.
Similarly, an increase in severity category from baseline assessment to subsequent
polysomnography recording was associated with a 2.6-fold (95% CI 1.7-3.9) increase in the
risk of developing depression [68].

Studies evaluating the effect of treatment of SDB with administration of continuous positive
airway pressure (CPAP) on depression are somewhat less illustrative than the insomnia
treatment literature. This is mainly due to methodological issues and mixed findings.
Nonetheless, CPAP therapy has been shown to reverse depression associated with sleep
apnea in most, but not all, studies undertaken [62,69-81]. In general, there is a suggestion
that CPAP treatment improves mood in some patients with sleep apnea, but larger, well-
controlled studies are needed to fully address this question. Combined, these data provide
reasonable evidence to consider SDB as a risk factor for MDD, and provide several
theoretical hypotheses as to why this may be the case.

EDS and depression

EDS (i.e. hypersomnia) is not often assessed in epidemiological studies, but when included
has been found to have a prevalence rate of 5-20%. For example, in a large epidemiological
study conducted in Pennsylvania, USA, the prevalence of EDS was found to be 9% in the
general population [82]. In an elderly cohort of 4578 Medicare enrollees, approximately
20% reported EDS [83]. In another older-aged cohort of 1050 rural community dwellers in
the US, 19% reported EDS [84].

Some epidemiological data also highlight the relationship of EDS with depression. Two
separate studies found depression to be more strongly associated with EDS scores than other
variables consistent with sleep apnea (e.g. snoring, gasping/snorting, and trouble breathing)
[82,83]. One of these studies also found a significant relationship between EDS and the use
of antidepressant medication (OR 3.3, 95% CI 2.9-3.8; p<0.0001) [83]. In fact, undergoing
treatment for depression was the most significant risk factor for EDS, while the presence of
sleep apnea was the weakest. EDS has been found to be associated with the development of
depression in longitudinal studies, although it was a less robust predictor than insomnia
[17,27]. EDS was also associated with all-cause mortality in one elderly community sample
[84].
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Overall, there is a fairly high prevalence of EDS in the general population and there is
limited, but positive, evidence that the presence of EDS is a risk factor for subsequent
depression.

Theoretical bases for how SDB affects MDD

As is the case for the role of insomnia in the development of depression, there are several
ways by which SDB may contribute to the clinical course of MDD. Firstly, and not unlike
the case with insomnia, there is symptom overlap between SDB and MDD, including the
presence of cognitive/memory impairments, fatigue/anhedonia, and — as reviewed above —
EDS. To the extent that these are a consequence of SDB, an individual with this set of
symptoms will have already endorsed a number of depressive criteria. Beyond these shared
symptoms, SDB and MDD are also both associated with medical conditions such as obesity,
hypertension, cardiovascular disease, and insulin resistance and diabetes. This suggests the
possibility of a common biological substrate or at least shared pathways. Several authors
have suggested that because depression is associated with reductions in serotonin (or
serotonin transmission) [57] and as serotonin appears to affect airway rigidity and
collapsibility [58], the directional relationship arrow is such that depression may contribute
to the development or severity of OSA [85].

On the other hand, the results of a neuroimaging study suggest that this directional arrow
may point from OSA towards depression [86]. Untreated OSA patients with and without
elevated depressive symptoms were compared with each other and with healthy controls.
Increased neural damage was found in OSA patients compared with controls, and the degree
and location of these damages differed between depressed and non-depressed OSA patients.
As the authors suggest, “depressive symptoms may exacerbate injury accompanying OSA,
or introduce additional damage in affective, cognitive, respiratory, and autonomic control
regions” [86]. Other imaging studies have found that the acute but repetitive hypoxemia that
occurs during and following apneic events is associated with additional cerebral changes,
including white matter damage [87], which are similar to those seen in depressed subjects
[88,89]. Moreover, the severity of the hypoxemic events in OSA correlate with the degree of
neurocognitive impairment [90].

Finally, in addition to hypoxemia, respiratory events cause both brief awakenings from sleep
and microarousals of a few seconds, which do not lead to full awakenings. Combined, these
cause sleep fragmentation, which has been linked very closely (more closely than apnea
severity) to EDS. In summary, this evidence suggests a somewhat complex series of
potentially bidirectional interactions of some or all of the putative mechanisms linking SDB
to depression, including the effect of such interactions on psychosocial factors that may then
contribute to depression.

Other sleep-related disorders and MDD

Narcolepsy, a condition characterized by EDS, may also be associated with depression in the
elderly. In a postal survey of 305 narcolepsy patients in the UK, 57% of respondents had
some degree of depression (BDI score =10) and 15.1% had BDI scores =20, suggesting the
presence of moderate to severe depression [91].
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Restless legs syndrome and periodic limb movement disorder have not been associated with
depression in the few studies that addressed this question. Among a sample of 22 elderly
subjects undergoing polysomnography, all complained of disturbed sleep and 12 reported
low mood [92], but no significant associations were found between movement indices and
depression or EDS. These findings were confirmed in a sample of 39 elderly subjects [93].

Polysomnographic findings in depression

While not directly germane to how sleep affects depression, there is a sleep profile
associated with MDD. As has been reviewed by several authors (e.g. [11]),
polysomnography recordings from patients with MDD reliably exhibit sleep continuity
abnormalities, such as increased sleep latency, increased time awake, and reduced sleep
efficiency, which are similar to, albeit lesser in magnitude, than those observed in primary
insomnia. Sleep architecture abnormalities, including slow wave sleep deficits, have also
been noted in MDD, although this finding has been inconsistently observed. REM sleep
findings in MDD such as short REM latencies, increased REM density, and increased total
time in REM sleep (20-30%) have been more consistently recorded. However, interestingly,
REM latency and total REM sleep findings have been less robust in studies published in the
past decade. Nonetheless, to the extent that any of these abnormalities precede the
development of MDD, they might have a causative role in depression; however, this has yet
to be assessed.

Conclusion

The common assumption that sleep and depression are related is supported by
epidemiological data showing a high degree of comorbidity between MDD in particular and
both insomnia and SDB. Data from longitudinal epidemiological studies, and treatment trials
of both depression and insomnia, make a convincing case that insomnia is a risk factor for
the development and recurrence of MDD and may serve as a barrier to fully effective
depression management. There are also data supporting several theoretical underpinnings for
a causative role of insomnia in the etiology of depression.

EDS is more often considered a symptom or complaint than a diagnostic entity. It is highly
associated with the presence of MDD, although there is only limited evidence to suggest it
may serve as a risk factor for depression, and it is therefore best viewed as an indicator of an
underlying disorder. MDD frequently co-occurs with OSA and there are several well-
founded hypotheses relating OSA to the development of MDD. A prospective investigation
and several treatment studies for OSA in which MDD was improved provide preliminary
empirical support for considering OSA as a risk factor for MDD. From a clinical
perspective, it is quite reasonable for any patient with MDD to be screened for the
following:

« Insomnia, which if diagnosed should receive targeted intervention.

» OSA risk factors (e.g. large neck circumference, elevated BMI, snoring, EDS);
when present patients should be referred for a full overnight sleep evaluation.
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Insomnia that presents on its own or in the context of another disorder should also be
aggressively treated, as doing so may prevent or forestall a depressive episode. In the case of
SDB, any of these disorders should be aggressively treated due to the wide range of
consequences associated with their presence and the possibility that their management may
ameliorate depression. A variety of sleep disturbances have been reported to negatively
impact on depression, and these effects can be reversible.
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Figure 2.
Prevalence of insomnia among depressed individuals and vice versa.
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Figure 3.

Etiology and pathology of insomnia and depression.
N.B. The box delineating the homeostatic and circadian factors is highlighted because the
neurobiological control mechanisms are not detailed.5-HT: serotonin; SL: sleep latency;
TST: total sleep time; VLPO: ventrolateral preoptic area of the hypothalamus; WASQO: wake

after sleep onset.
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