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1. ABSTRACT

Recent research has consistently shown an
association between inflammation and sleep, with Thl
cytokines promoting NREM sleep and increasing
sleepiness and Th2 cytokines (produced during allergic
inflammation) impairing sleep. As sleep impairment is
considered a treatable suicide risk factor strongly
associated with mood disorders, we review the literature
leading to the hypothesis that allergic rhinitis may lead to
mood and anxiety disorders and an increased risk of suicide
via worsening sleep. Allergic rhinitis can impair sleep
through mechanical (obstructive) and molecular (cytokine
production) processes. The high prevalence of mood and
anxiety disorders and allergy, the nonabating suicide
incidence, the currently available treatment modalities to
treat sleep impairments and the need for novel therapeutic
targets for mood and anxiety disorders justify multilevel
efforts to test and better understand this pathophysiological
link where, relatively limited if timely, interventions may
have large beneficial effectgs. .
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2. INTRODUCTION

Insufficient and disturbed sleep has been
associated with suicide and suicidal ideation and behavior
(“suicidality”) (1-4). Thus, conditions resulting in disturbed
sleep might also be associated with suicide and suicidal
behavior. One frequently encountered somatic condition
resulting in disturbed sleep is allergic rhinitis. Allergic
rhinitis has a high prevalence, with 10-30% of adults and
nearly 40% of children suffering from its symptoms (5, 6).
Allergic rhinitis is associated with both sleep disturbance as
well as mood disturbance (7). We discuss evidence
suggesting a connection between allergic rhinitis (and its
molecular mediators), depression, suicidal behavior and
suicide.

3. SLEEP
Sleep is a biological process that appears to be

essential for physical and mental well-being. Sleep not only
has an influence on neurobehavioral functions such as
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alertness, attention, cognitive functioning, memory
consolidation, and mood, but also significantly affects the
immune and neuroendocrine system. It may also be
considered an evolutionary neurobehavioral state involving
the interaction between neurons and neural circuits where
excitatory and inhibitory changes occur intermittently. As
first described by Borbely (8), two interconnected
processes contribute to sleep and wake regulation: a
circadian process driven by the suprachiasmatic nucleus of
the hypothalamus (termed Process C) and an appetitive,
homeostatic process (termed Process S). The mutual
inhibition of wake-promoting and sleep-promoting regions,
analogous to an electronic “flip-flop” switch, regulate
Process S (9). This flip-flop switch maintains distinct sleep
and wake states, with relatively sharp transitions, avoiding
prolonged and dangerous intermediate states (10).

Sleep impairment may result in the deterioration
of several aspects of mental functioning including,
cognition(11), mood (12), and emotion (13). Chronic
insomnia is a risk factor in the pathogenesis of psychiatric
disorders such as depression and may act as a pre-indicator
of future depressive episodes (14).

Sleep has several stages distinguishable by
polysomnography (PSG). The awake brain emits
predominantly alpha and beta waves. Alpha waves (8 to 13
Hz) are associated with a decrease in brain activity,
generate while alert and relaxed with eyes closed, and
become attenuated by open eyes and drowsiness. Beta
waves (13 to 30 Hz) are expressed while in an aroused state
such as during periods of alertness, attentiveness, and
mental exertion. Sleep is comprised of two vastly different
states categorized as either rapid eye movement (REM) or
non-rapid eye movement (NREM) sleep. The first three
stages of sleep comprise NREM sleep: a) stage 1 - transient
period between wakefulness/sleep where alpha waves
transition to theta waves (4 to 7 Hz); b) stage 2 -
continuation of theta waves and presence of distinctive
wave patterns of sleep spindles (12-16 Hz) and K-
complexes accounts for 45-55% of total sleep; c) slow
wave sleep or SWS (previously regarded as stages 3 and 4
during which greater than 20% of wave patterns are delta
waves (0.5 to 4 Hz). The first episode of REM sleep
appears within about 80 to 100 minutes of sleep onset, and
usually lasts for approximately 10 minutes, shorter at the
beginning of the night and longer towards the end of the
night. REM sleep duration increases during each NREM-
REM cycle resulting in the length of the final REM period
of approximately 1 hour. During REM sleep, there is an
abrupt loss of muscle tone, paralysis of skeletal muscles, as
well as lowered heart rate and respiration. But brain activity
remains similar to a wake status with a mixture of alpha,
beta, and desynchronous waves. Adult sleep is generally
composed of 75-80% NREM and 20-25% REM; however,
these proportions vary with age (15). During NREM sleep,
neuronal firings in the brainstem, cerebral cortex, and some
forebrain regions are reduced. Presently it is believed that
certain stages of sleep are required for the restorative
qualities of feeling well rested and alert the following day,
while other stages are required to establish and refine
memories. The quality and quantity of sleep mediate
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learning and memory, which may be influenced by three
functions including acquisition of new information,
consolidation of memory storage, and recall of information
after storage. Evidence suggests that sleep promotes
memory consolidation (16-18). Sleep disruption (19) and
REM deprivation induce deficits of long-term potentiation
(LTP), and underlying electrophysiological phenomenon
linked with memory consolidation (20, 21). Sleep
deprivation selectively affects certain molecular mediators
of LTP and long-term depression (LTD). For instance, the
loss of REM sleep corresponds to a reduction in brain-
derived neurotrophic factor (BDNF), synapsin I, and cAMP
response element-binding protein (CREB) mRNA levels,
while the loss of NREM sleep results in the reduction of
calcium/calmodulin-dependent protein kinase II (CaMKII)
(22).

4. NEUROCHEMISTRY OF SLEEP

A number of neurotransmitters involved in sleep
regulation have been incriminated in suicide and
exacerbation or perpetuation of certain suicide risk factors,
such as depression, anxiety, aggression and impulsivity.

4.1. Serotonin

Serotonin (5-HT) is a monoamine
neurotransmitter released primarily by the dorsal raphe
nucleus neurons located in the brainstem (23) implicated
sleep/wake regulation. Early studies in animals showed that
inhibiting serotonin synthesis caused complete insomnia,
which could be reversed once 5-HT was repleted (24).
Healthy human subjects given L-tryptophan, the precursor
to serotonin, display decreased sleep latency (25).
Conversely, healthy subjects depleted of tryptophan show
decreased stage 2 sleep, increased REM density, and
decreased sleep efficiency (26). Serotonin not only has a
role in regulating the sleep-wake cycle but also correlates
with mood and anxiety disorders, impulsivity and
aggression (27, 28). Not surprisingly, as serotonin is
involved in the regulation of suicide risk factors, there is
further evidence implicating serotonin in completed
suicide. The concentration of 5-hydroxyindoleacetic acid
(5-HIAA), the serotonin metabolite in CSF, is a gross
indicator of serotonin degradation, and thus turnover, in the
brain (29). Among patients with major depressive
disorders, two-thirds of those who attempted suicide had
lower CSF 5-HIAA than those who made no attempt (30).
Those with more frequent suicide attempts resulting in
relatively more severe medical consequences had lower
CSF 5-HIAA levels than those with milder or no medical
consequences (31). In depressed inpatients, short-term
suicide risk is greater with those with lower CSF 5-HIAA
levels versus those with above median levels (32).

4.2. Norepinephrine and histamine

The noradrenergic neurons are found mostly in
the locus coeruleus of the pons, while the histaminergic
neurons are located in the tuberomammillary nuclei of the
hypothalamus. Both neuron groups fire faster during
wakefulness than sleep and remain completely silent during
REM sleep. The loss of muscle tone during sleep may
relate to the inactivity of norepinephrine cells (33).
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Forebrain arousal is effectively associated with
histaminergic cell groups (33, 34), while muscle tone, and
possibly motor activity, is intrinsic to both norepinephrine
and serotonin cell groups (33, 35). Norepinephrine has been
associated with suicidal behavior as well. Tyrosine
hydroxylase, the key biosynthetic enzyme for the synthesis
of norepinephrine, as well as alpha2- and beta2-adrenergic
receptors, are increased in the postmortem brain of suicide
victims (36, 37). Compared to healthy controls, there are
also fewer noradrenergic neurons in the locus coeruleus in
brains of those who committed suicide (38).

4.3. Orexins

Discovered in 1998, orexin-A and -B, also known
as hypocretin-1 and -2, are neuropeptides released from the
lateral hypothalamus (39, 40). Orexin stimulates
wakefulness and inhibits sleep, underscoring its primary
role in sleep regulation. Injection of orexin-A into the
laterodorsal tegmental nucleus (LDT) results in prolonged
wakefulness and less time in the sleep state (41). The
administration of orexin-A in sleep-deprived rhesus
monkeys was also found to improve performance in
cognitive tasks (42). Orexin neurons stimulate “wake-
active” (i.e., on during wake, quiet during NREM, not
active during REM) monoaminergic (noradrenergic cells of
locus coeruleus, dopaminergic cells of ventral tegmental
area, serotonergic cells of dorsal raphe, histaminergic cells
of the tuberomammillary nucleus) and cholinergic neurons
to allow a sustained wake period (43). Orexin is thought to
stabilize the flip-flop switch based on its asymmetrical
behavior of reinforcing the arousal systems, while not
directly inhibiting the sleep-promoting ventral posterior
lateral nucleus (VPLO) area.

Although orexin abnormalities are best known to
be associated with narcolepsy, they are also are associated
with depression and potentially with suicidality. For
instance, the Wistar-Kyoto rat model of depression
displayed 18% fewer and 15% smaller hypothalamic orexin
neurons compared to controls (44). Also, in a study of 101
patients with various psychiatric diagnoses who attempted
suicide, it was observed that low CSF orexin levels
correlated significantly with both patient rated lassitude and
clinician-scored ratings of slowness in movement and
global illness. Among those who had attempted suicide,
lower CSF-orexin levels corresponded with higher illness
severity. Furthermore, those with major depressive disorder
had a lower CSF-orexin level than those with adjustment
disorder or dysthymia (45). As it is the case in many similar
studies of suicidality, it is yet unknown if these changes in
orexin levels are the cause of, the consequence of, a
modulator or the effect of a common mediator of
psychiatric disorder, psychological distress or suicidality.

4.4. Cytokines

Cytokines belong to a class of extracellular
signaling proteins, which, similar to hormones, act in
regulating the functioning of cells and tissues. In general,
cytokines are classified according to their functional
association with T-helper type 1 (Thl) or type 2 (Th2)
cells. They play an important role in the immune response
by directing the proliferation and differentiation of immune
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cells. Besides their role in the immune system, research has
shown that certain cytokines affect brain structure and
function (46). With particular reference to sleep, the
following section will discuss studies suggesting that
specific cytokines including tumor necrosis factor alpha
(TNF-a), interleukin-1B (IL-1pB), and interleukin-6 (IL-6)
promote sleep, while the cytokines interlukin-4 and 13 (IL-
4 and IL-13) cause sleep disturbance.

Early cerebrospinal fluid research on dogs, goats,
and rats resulted in the identification of a factor “s” that
accumulated during wakefulness and known to induce
sleep. A putative component of factor s is considered to be
muramyl dipeptide, which was shown to induce the
synthesis and secretion of interleukin-1 (IL-1)(47).

Interleukin-1f3 (IL-1 B) and tumor necrosis factor-
a (TNF-a) promote physiologic NREM sleep (47, 48) in
addition to interleukin-2 (IL-2), interleukin-6 (IL-6),
interleukin-18 (IL-18), growth-hormone releasing hormone
(GHRH), prostaglandin D, (PGD,), nitric oxide, adenosine,
uridine, neurotropin 1 and 2 (48-53). On the other hand,
interleukin-4 (IL-4), interleukin-13 (IL-13), interleukin-10
(IL-10), and transforming growth factor-f1 (TGF-f1) have
been shown to reduce NREM sleep (50-52). In an early
study, IL-1 was observed to affect SWS, varying in phase
during the sleep period among normal healthy male
subjects (54). The administration of IL-1 and TNF-a by
different routes have been somnogenic in every species
tested, usually with the observation of increasing NREM
(50-52, 55-57). TNF-a receptor knockout mice
demonstrated decreased total sleep time, and upon IL-1B
administration, both SWS and REM sleep decreased (55).
IL-1 may exert its influence by reducing the discharge rates
of wake-active neurons and increasing the discharge of
sleep-active neurons during sleep, which has been observed
in the lateral preoptic area, median preoptic nucleus, and
basal forebrain (44, 51, 58). The inhibition of serotonergic
neurons in the dorsal raphe nucleus may be one possible
mechanism by which IL-1 promotes NREM due to the
presence of IL-1 receptors in that region (47, 59). In
guinea pig brain stem slices, IL-1f injections into rat dorsal
raphe nuclei increased NREM sleep and reduced the
discharges of serotonergic neurons (60).

Most of the cytokines noted to decrease sleep,
including the primary cytokines involved in allergic
inflammation IL-4 and IL-13, may work directly or
indirectly , by reducing the production of sleep-promoting
cytokines. For instance, antiinflammatory cytokine IL-4
inhibits proinflammatory cytokines IL-1 and TNF-a
production in vitro and in vivo, and promotes the
production of sleep-inhibitory substances IL-1 receptor
antagonist and soluble TNF receptor (53,). IL-8 production
is promoted by IL-1, TNF-a, IFN-y, and IL-18 and when
injected introcerebroventrically in rats and rabbits,
increased NREM sleep (62). Similarly, IL-10 inhibits
spontaneous NREM sleep in rats when injected
intracerebroventricularly (63). IL-13 and IL-4 share 20-
25% of their amino acid structure and have a common
receptor moiety. It is thus not surprising that IL-13 has
similar actions to that of IL-4 (52). TGF-B1 is an important
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immune and inflammatory process regulator of the central
nervous system and works similarly to IL-4 and IL-13 to
decrease NREM sleep. Interestingly, its expression in glial
cells is stimulated by IL-1 (52), resulting in a regulatory
feedback loop. It is thought that IL-13 and TGF-B1linhibit
proinflammatory cytokines through dissimilar mechanisms
(52).

IL-6 is unique in that it is considered the most
“endocrine” of the cytokines, being also produced by
adipose tissue with a role in lipid metabolism and HPA axis
stimulation (50, 64). Sleep onset is associated with an
increase in circulating IL-6 in stages 1, 2 and REM sleep;
but there are no changes in levels during SWS (65). IL-6
has a possible role in sickness behavior with diurnal
variation (elevated during daytime), and its secretion varies
with sleep deprivation (47, 50, 66). IL-6 is considered to
have a different effect on REM sleep than IL-1 or TNF-a at
baseline, the IL-6 knockout mice spent 30% more time in
REM sleep throughout the recording period (67).

Not only can immune activation alter sleep and
wakefulness, but also conversely, sleep disorders can affect
immunity. Narcolepsy, for example, involves elevated
TNF-0 and IL-6. The current hypothesis, based on its
strong association with the HLA subtype DQB1*0602, is
that it is caused by an auto immune-mediated process
directed at orexin neurons (51). Chronic insomniacs have
significantly lower levels of IFN-y, as well as a lower IFN-
y to IL-4 ratio than those without insomnia. In one study,
subjects with difficulties in sleep initiation, maintaining
sleep, and attaining sufficient sleep had a significantly
lower IFN-y to IL-4 ratio than those who did not have such
problems (68). Meanwhile, in subjects with medical
illnesses, those with comorbid insomnia had significantly
higher IL-4 than those without insomnia, showing a shift in
the Th1/Th2 balance toward Th2 dominance (68). These
studies provide further evidence supporting the link
between sleep restriction and cytokine regulation (69). In
addition, sleep deprivation activated the production of both
pro- and anti-inflammatory cytokines including increases in
IL-1a and IL-1B and increases in IL-6 and C-reactive
protein (CRP) (70). An animal model of sleep deprivation
supports the immune reaction by demonstrating significant
alterations in the levels of pro-inflammatory cytokines
including IL-la, IL-1B, TNF-a, and IL-6. The authors
contend that cytokine secretion following sleep deprivation
operates in a different manner than its pattern of production
following stress (71).

5. CYTOKINES, DEPRESSION AND SUICIDE

Healthy subjects, with no preexisting diagnostic
illnesses, injected with low doses of endotoxin developed
significant exacerbations in anxiety and depressive
symptoms along with impaired memory performance,
which followed increases in TNF-a, IL-1, IL-6, and cortisol
as compared to subjects injected with placebo(72). The
blinding was successful, ad the does of endotoxin was
bellow the level necessary to making the participants feel
sick. Together, these findings evidence a role for
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immunological activation in inducing emotional and
cognitive changes independant of illness (73).

Stimulated by infection and/or inflammation, the
peripheral immune system can signal the brain and cause
cytokine-induced “sickness behavior,” manifested as
specific and nonspecific symptoms including fatigue,
diminished eating and drinking, somnolence, psychomotor
retardation, anhedonia, and cognitive impairment (74). It is
important to keep in mind that peripheral cytokine
activation may or may not translate into activation of
cytokines within the cerebrum, traditionally considered an
immune-privileged organ. Individuals with major
depressive disorders exhibiting sickness behavior showed
increased proinflammatory cytokine levels in their blood
and cerebrospinal fluid, with IL-1, IL-6, and IFN-y being
especially evident (75).

The cytokine hypothesis of depression theorizes
that immune activation results in the predisposition,
triggering, and perpetuation of depression (76-78).
Physical, psychological, and physiological stress activates
the immune response, prompting the production and
proliferation of proinflammatory cytokines such as IL-1,
TNF-0, and IFN-y. These operate essentially as
neuromodulators, becoming the primary mediators of the
behavioral, neuroendocrine, and neurochemical attributes
of depressive disorders (79, 80).

One mechanism that might explain the
depressogenic effect of cytokines is tryptophan (TRP)
depletion, induced by cytokine elevation. It has been shown
that certain cytokines, such as IL-1, IL-2, IL-4, and IFN- v,
induce the expression of the enzyme indoleamine-2,3-
dioxygenase (IDO), which shifts TRP metabolism from
serotonin synthesis toward the kynurenine (KYN) pathway
and the production of neurotoxic compounds resulting in
TRP depletion (81, 82). TRP availability is the rate-limiting
step in the synthesis of serotonin, and its reduced availability
is linked to depressive relapses in vulnerable patients. That
treatment with IFN-a or IL-2 is associated with significant
decreases in TRP, increases in KYN, and decreases in the
TRP/KYN ratios has been consistently evidenced in patients
with cancer and hepatitis (83). Moreover, the decrease in
TRP, the increase in KYN, and the decrease in TRP/KYN
ratio have been correlated with the severity of depression
(84).

Patients who have dispensed cytokines as an
immunological booster have also expressed marked
symptoms of depression including despondent mood, sleep
disturbances, decreased energy, irritability, and loss of
appetite. Therapeutic administration of cytokines and the
influx of cytokines caused by immunotherapy for various
medical illnesses including cancer, hepatitis, and multiple
sclerosis have been etiologically linked to the concomitant
onset of depression, suicidal ideation, suicide attempts and
occasionally completed suicide (85-88). The cessation of
depressive symptoms in patients after the suspension of
cytokine treatment further supports this association
between cytokines and depression (84, 89). These
occurrences, though pervasive, are not universal as
confirmed in a study in which 45% of a sample (N = 20)



Sleep disturbance linking rhinits, mood and suicidality

Regional lymph nodes (or local mucosa)

A (SN [ S Y S Source
arly IL-4
Epithelial . of early IL-
cell MHC class Il
Dendritic cell maolecule
Migration of
T-cell t
Sandritictalls \9\4_{ cell receptor
Allergen uptake E —— :- S \
and processing Allergen=non- 7 = _— | T2 cell
by dendritic cells specific IgE N 4
CD28— }T T

‘&‘;&“‘%L\ Mast cell
A9

b

Notch r[{la '.:T T H. CO40 ligand
ce A

Jagged  ajlargen-

derived CDBO or

paptide CDE

Allergen-specific IgE (ﬁc

<EFFBEFT T

Airway smooth muscle

AF A=+ A AN~

IzE production

B cell

Figure 1. Allergic sensitization: Air allergens penetrate tissues through disrupted epithelium or using their protease activity.
Peptides resulting from the processing of aeroallergens are presented by activated dendritic cells to naive T cells in regional
lymph nodes or local mucosa. Influenced by “early” interleukin 4 (IL-4) naive T cells transform in T helper 2 (TH2) cells. TH2
cells then secrete IL-4 and IL-13, which induce immunoglobulin class-switch recombination of B cells, involving a
rearrangement of gene segments that encode the immunoglobulin heavy chain. As a result, antibodies of the IgE class are
produced. Then IgE binds, on tissue-resident mast cells, to the high-affinity receptor for IgE (Fc RI), thereby sensitizing them to
respond upon re-exposure to the allergen. Reproduced with permission from (97).

treated with IFN-o developed major depression over the
course of 12 weeks (88). Patients treated with IFN-a
experienced fever, anorexia, fatigue, headache, myalgia,
and arthralgia (90-92). Those treated with IL-2 manifest
depressive symptoms within a few days, while those treated
with IFN-o may take a few weeks (89). Sporadic accounts
of individuals who attempted suicide after being exposed to
immuno-boosting therapy for various medical conditions
including melanoma, hepatitis C, HIV, and multiple sclerosis
have been documented (87, 93, 94).

We recently analyzed the expression of cytokines
specifically in the orbitofrontal cortex (Brodman area 11, are
previously reported to show histopathological changes in
victims of suicide) in suicide victims (95). Real-time RT-
PCR was performed to evaluate the expression of mRNA
species of six targeted cytokines, which included TNF-a, IL-
1B, 1IL-4, IL-5, IL-6, and IL-13. The results indicated an
elevated expression of IL-4 and IL-13 in females and IL-13
in males who committed suicide, suggesting that Th2
cytokines in the brains of these suicide victims may be
related to neuroimmunological abnormalities.

6. ALLERGIC RHINITIS, IMPAIRED SLEEP, AND
SUICIDE

Allergic rhinitis is a common condition, affecting
20-40 million people in the United States and 10-25% of
the world’s population. The more common symptoms

include nasal congestion in up to 90% of patients, runny
nose, postnasal drip, red itchy eyes (rhinoconjunctivitis),
and headaches. Along with physical symptoms, patients
may display symptoms similar to depression: mental
fatigue, amotivation, dysphoria, and social withdrawal.
Rhinitis is classified as intermittent (< 4 days per week
with a duration of < 4 weeks) or persistent (96).

For a recent detailed review on the molecular and
cellular events characterizing allergic inflammation, and
especially on cellular and molecular mediators of allergic
sensitization (Figure 1), immediate (Figure 2) and delayed
(Figure 3) phases of the inflammatory events during atopic
reactions, refer to the recent review by Galli et al 2008
97).

6.1. Association between seasonal allergies and suicides

Epidemiological studies have reported a highly
replicated peak in suicide from April to June and a smaller
less consistently observed peak in the late summer/early
fall (98). Many factors have been suggested to cause these
peaks, ranging from environmental to social causes, but no
single explanation has yet proved satisfactory (98). Pollen
is the most important seasonal aeroallergen, and comes
primarily from wind-pollinated plants, with tree pollen the
most important source of spring aeroallergens.
Atmospheric pollen also increases during the fall, mainly
by the pollen of ragweed. Even though ragweed pollen
amounts to only about 15% of the yearly pollen total, it is
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highly allergenic. We have recently reported a twofold
increase in suicides among women below the age of 65
during the spring tree allergy season in the high-exposure
period compared to the pre-exposure period (95%
confidence interval [CI], 1.3-3.0) (99). This finding is
consistent with the study done by Timonen et a/ (100), who
reported a greater seasonality of suicide among those with a
history of allergy than those without such a history.

Increasing evidence suggests an association
between allergy and recurrent depression (101-103). In
addition, a shared risk for allergic and depressive
symptoms has been described among adult Finnish twins
(104). Exposure to allergens in vulnerable individuals may
affect one or more of the known suicide risk factors—
depression, anxiety, aggression, or sleep impairment.
Marshall et al 2002 rated mood and fatigue in patients
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sensitized to ragweed and reported higher levels of general
and mental fatigue (but not physical fatigue), reduced
motivation, increased sadness, and reduced pleasurable
engagement during the ragweed pollen season as compared
with the off-season (105). Our own work in a student
population has shown that seasonality of mood is directly
related to self-reported sensitivity to pollen counts (106).
We have shown that changes in allergy symptoms from low
to high tree-pollen seasons correlate with changes in
depression and anxiety scores in patients with recurrent
mood disorders scores (107).

6.2. Sleep and daytime alertness is adversely affected by
untreated allergic rhinitis

There is a close association between allergic
rhinitis and disturbed sleep. In a web-based survey of 1,322
people with self-reported rhinitis, 68% of those with
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perennial rhinitis and 51% of those with seasonal allergic
rhinitis had sleep problems (108). In a controlled cross-
sectional study of 591 allergic rhinitis patients, the severity
of allergic rhinitis rather than the frequency (intermittent or
persistent) was more closely associated with insomnia,
hypersomnia (defined as occurrence of sleepiness during
daily life), and daytime somnolence (7). Eighty percent of
2,355 self-reported allergic rhinitis patients identified nasal
congestion as the most bothersome symptom (109). Not
only is nasal obstruction a subjectively bothersome
complaint, it has deleterious effects on the quality of sleep.
In a study of normal subjects, those with nasal obstruction
complained of poor sleep quality (110). Patients had
difficulty initiating sleep and had an increased number of
nocturnal arousals (109). In a naturalistic study involving
404 outpatients with self-reported allergic rhinitis,
confirmed as congestion by physical exam or with a
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positive skin test in the last 12 months, nasal congestion
alone was associated with sleep problems, fatigue and
daytime sleepiness (111). During the inspiratory phase of
the respiratory cycle, increased effort is needed to inhale
through the nose as the airflow decreases (112). The nose is
the primary route of breathing during sleep. The negative
pressure that is created is exacerbated by nasal congestion,
which can limit maximal upper airway flow (113). With the
negative pressure, the nasal passages collapse, leading to
obstruction and associated microarousals (112, 113). In the
same survey of 2,500 adults with self-reported allergic
rhinitis, 44% reported frequent fatigue during the allergy
season, whereas 36% reported sometimes feeling tired
(114).

The sheer number of nocturnal arousals has been
associated with excessive daytime sleepiness (115). Of
interest was that certain sleep problems relate to particular
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Figure 4. Allergy, mood disorders, sleep impairment and suicide. A model of triple vulnerability for suicide, for major recurrent
mood disorder and allergic sensitization (marker is allergen specific IgE). As trigger, after the contact with the aeroallergen in
sensitized individual a cascade of molecular and cellular events (see Figures 1-3) results in secretion of both Thl and Th2
cytokines. Peripheral cytokines could reach the brain via circumventricular organs, altered blood brain barrier (BBB)
permeability, or via nasocerebral molecular transport. Peripheral activation of cytokines may result in secondary production of
cytokines in the brain and affect brain function. Cytokine activation in the prefrontal cortex (see Tonelli et a/ 2008) may impair
the “breaking” function of the prefrontal cortex on impulsivity, aggression, depression and anxiety (not shown). Thl cytokines
may promote sleep and drowsiness and Th2 cytokines may impair sleep onset and continuity, which could indirectly worsen risk
of suicide. In addition, sleep could be affected by nasal airway obstruction (not shown). Finally, antiallergy medications could
induce sleep and sleepiness changes that may have effects of their own (not shown). Although sleep impairment is known to
exacerbate mood disorders and elevate the risk for suicide, its possible connecting role between allergic inflammation, mood
disorders and suicide requires additional research (question marks).
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types of arousals. Those with apneas had more numerous, mildly, although the study population was young and not
shorter arousals, and less EEG and SWS disturbance. This obese (117). Similarly, a study of 4,927 middle-aged adults
contrasted with insomnia patients whose length of time with allergic rhinitis symptoms of > 5 nights a month,
awake more highly corresponded to daytime sleepiness found that those with nasal congestion secondary to allergy
(115). In an early study of sleep disturbances in patients were 1.8 times as likely to have moderate-to-severe sleep-
with allergic rhinitis, 14 patients went through overnight disturbed breathing (SDB) than those with nasal congestion
polysomnograms. Those with allergic rhinitis had an unrelated to allergy. Those with allergic rhinitis are also
average of 49.1 microarousals, mostly occurring in stages 1 more likely to snore 3-7 nights a week and have chronic
and 2 sleep. Normal controls had just an average of 4.7 excessive daytime sleepiness and chronic nonrestorative
microarousals, just before REM periods. Also observed sleep (118). In a study of non-obese obstructive sleep apnea
were increased episodes of periodic breathing, hypopnea, (OSA) patients, nasal resistance was also shown to be an
and hyperpnea. No one had specific sleep complaints. But, independent predictor of the apnea-hypopnea index (AHI)
of the allergic rhinitis group, three had difficulty initiating (119).
sleep, five noticed frequent awakenings, and four had
excessive daytime sleepiness and fatigue (116). 6.3. Treatment of allergic rhinitis improves sleep
Several studies have demonstrated that treatment

In patients with allergic rhinitis verified by skin with intranasal corticosteroids not only decreased nasal
testing for allergy and with complaints of nasal congestion, congestion, but also improved sleep quality and decreased
objective measurements using both polysomnography daytime sleepiness. Intranasal corticosteroid therapy
(PSG) for sleep and a pneumotachygraph to assess nasal inhibits both early and late inflammatory responses (120).
resistance as a surrogate for nasal congestion were taken. In at least 75% of adult and child patients, nasal symptoms
The results showed an increased number and duration of (nasal congestion, itching, sneezing, rhinorrhea) were
obstructive apneas during allergy season, with the controlled (120). A small placebo-controlled crossover trial
frequency of apneas associated with nasal resistance (117). in perennial allergic rhinitis patients resulted in significant
The number of sleep apnea episodes in this sample with improvements in subjective ratings of nasal congestion and
seasonal allergic rhinitis was greater than in healthy sleep after 8 weeks of topical nasal flunisolide treatment
individuals, although less than in individuals with clinically (112). Open label treatment with intranasal budesonide on
severe sleep apnea. Oxygen saturation only decreased children with allergic rhinitis showed conspicuous
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reductions in arousals from a baseline of 8.4 arousals
(apneas and hypopneas) per hour to 1.2 and corresponding
decreases in sleep and rhinitis symptoms according to the
Rhinoconjunctivitis Quality of Life Questionnaire (RQLG)
(121). In a similarly designed placebo-controlled crossover
trial in perennial allergic rhinitis, there were significant
improvements over an 8-week period in nasal congestion,
subjective sleep, and daytime somnolence with intranasal
budesonide (122). An open label study using intranasal
triamcinolone acetonide for three weeks also restored sleep
quality (123).

6.4. Disrupted sleep in patients with allergic rhinitis
may increase risk of suicide

Sleep disturbances, which are known suicide risk
factors, are common consequences of allergic rhinitis.
Mann proposes a stress diathesis model that incorporates
typical stressors, like acute intrinsic psychiatric illness,
acute medical illness, and acute drugs, as well as factors for
the vulnerability toward suicide including chronic illness
and genetics (124). As we know, sleep disturbances and
allergic rhinitis can contribute to both acute and chronic
medical and psychiatric illnesses. One possible formulation
is that acute allergic rhinitis symptoms may cause severe
sleep fragmentation either directly, via cytokine expression
in the brain or indirectly, via exacerbation of a pre-existing
mood disorder, possibly triggering suicidal behaviors in
individuals with genetic or developmental vulnerabilities
for suicide in the presence of other suicide precipitants.
Figure 4 summarizes our view on the possible connections
between allergy, depression, sleep impairment and suicide.

7. SLEEP, DEPRESSION AND SUICIDE

Previously thought of as a symptom of a
psychiatric disorder, there now appears to be a bi-
directional relationship between sleep disturbances and
psychiatric illness. As the majority of suicide victims are
depressed at the time of suicide, the consistently reported
relationship between sleep and recurrent depression is of
major clinical importance (98). Sleep impairment is not
only a symptom of the syndrome of depression, but may
also herald the onset of depressive episodes. For instance,
Perlis et al reported that sleep disturbances were seen up to
5 weeks prior to the recurrence of depression (125). It was
observed that a history of insomnia and hypersomnia even
without a psychiatric diagnosis could predict the onset of
major depression (126-128). A review of eight
epidemiologic studies of primary insomnia revealed that
insomnia symptoms lasting for more than 2 weeks had an
increased risk for depression onset within 1-3 years (129).
Not only can sleep disturbances predict episodes, it can also
indicate how a patient is progressing through his or her
psychiatric illness. It has been reported that sleep
disturbances in mood disorders, in which insomnia is the
chief complaint, are more pronounced during acute
episodes as opposed to remission periods (130).

7.1. Sleep and psychiatric disorders: epidemiological
and clinical evidence

Subclinical sleep fragmentation in normal healthy
subjects, which did not result in arousals on EEG,
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corresponded with dysphoria (131). There is a clear
association between sleep disorders and psychiatric
disorders. One study concluded that 40% of insomniacs
and 46.5% of hypersomniacs had a comorbid psychiatric
disorder (126). Nocturnal awakenings, also known as
middle insomnia, also have a high comorbidity with major
depressive disorder, bipolar disorder, and anxiety disorders
(132).

A population-based cohort study was conducted
using the UK General Practice Research Database, perhaps
the largest longitudinal medical records database used
extensively in epidemiological studies, in an effort to
determine the demographics of comorbid mental health
disorders and their outcomes (133). Data on 12,437
individuals newly diagnosed with sleep disorders was
compared to matched controls, and results indicated sleep
disorders had the highest incidence rate for psychiatric
stress (OR=3.6) and depression (OR=3.1).

7.2. Sleep architecture in patients with psychiatric
disorders

In an early review, depressive disorders
associated with disturbed sleep continuity, decreased SWS,
shortened latency to the first REM period, and an increased
amount of REM early in the sleep period (134). In the
initial meta analysis by Benca et al (135) and others since,
affective disorders differed from controls in many sleep-
related measurements including decreased total sleep time,
decreased sleep efficiency, prolonged sleep latency,
significant reduction in SWS time and SWS percentage
(136), shortened REM latency, increased REM density
(137), increased total REM time (137-140), and increased
REM percentage with the duration of the first REM period
increased significantly (135).

8. SLEEP DISTURBANCES AND SUICIDALITY

8.1. Shortening of sleep duration; insomnia, sleep
fragmentation

Sabo et al performed one of the initial
investigations in determining the association between sleep
disturbance and suicidality. The study included 21 matched
depressive patients with previous suicide attempts,
depressive patients without previous suicide attempts, and a
control group of individuals without depressive disorders or
previous suicide attempts. Depressed individuals who had a
history of suicide attempts had longer sleep latency, lower
sleep efficiency, and less SWS than the control group
(141). Depressed patients without suicide attempts had
more delta counts in the fourth NREM period and less
REM in the second period than depressed patients with
previous suicide attempts. The length of the second REM
period correlated with a history of suicide attempts
(141).There was also a significant difference in REM
latency (defined as < 60 minutes) among 19% controls,
42.9% attempters, and 66.7% non-attempters out of the
population. Subjective measures of sleep, assessed by the
Pittsburgh Sleep Questionnaire Index (PSQI), showed that
depressed patients who were suicidal, according to the
Schedule for Affective Disorders and Schizophrenia
(SADS) suicide subscale, had a significantly higher global
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PSQI score. They also had significantly higher scores in
four components of the PSQI including subjective sleep
quality, sleep latency, sleep duration, and habitual sleep
efficiency (2). In addition, self- reported questionnaires of
763 adolescents in a French secondary school showed a
significant relationship between poor sleep and suicidal
ideations (38%) and attempts (9%) (142). In a study of 27
adolescents with major depressive disorder, based on the
Schedule for Affective Disorders and Schizophrenia for
School-Age Children-Present and Lifetime version (K-
SADS-PL) interview, those who were suicidal had
significantly increased sleep latency compared to
adolescents with major depressive disorder who were not
suicidal. There was a trend in reduced REM latency,
increased REM density and increased stage REM (143).

Depressive  symptoms had the strongest
association with suicide in a study of those > 65 years old,
comprised primarily of males (144). Symptoms were
solicited approximately 2 years before the 21 completed
suicides in a study population of 14,456 (144). The risk for
suicide increased by 34% for each symptom endorsed on
the 10-item CES-D (Center for Epidemiologic Studies-
Depression Scale). However, poor sleep quality, perceived
poor health, and having relatively few friends or relatives
also predicted suicide (144). In a population of volunteers
undergoing no treatment for depression, there was a
significant association between disturbed REM sleep,
decreased mean REM latency, increased REM sleep
percentage and suicidality, as measured by particular items
on the Beck Depression Inventory (BDI) and Hamilton
Depression Rating Scale (HDRS) (145). Reports have also
observed significantly greater levels of general sleep
disturbance, insomnia, and hypersomnia in both the
previous week and the current affective episode in suicide
victims (3). Wallander et al 2007 has recently reported that
the percentage of suicides was significantly higher in those
with sleep disorders (4.2%) versus controls (0.6%) (133).
Insomnia has been associated with increased psychological
strain, subjective stress, arousal predisposition, and health
problems (146) and is considered an important suicide risk
factor (147). The prevalence of insomnia within the major
depressive disorder population has been estimated to be
70%, with comorbidity significantly associated with
suicidal ideation (148). Of 100 consecutive patients
examined in an emergency room after severe suicide
attempts, global insomnia was present in 46% and partial
insomnia (defined as either having difficulty falling asleep,
staying asleep or early morning awakenings) was present in
92% (147). Sleep less than 3.5 to 4.5 hours in duration was
associated with a 15% increased mortality hazard in a large
questionnaire survey involving 1.1 million adult Americans
(149). Adolescents sleeping <8 hours were three times as
more likely to have had a suicide attempt in the last 6
months than those sleeping over nine hours (150). A recent
study also found an association between short sleep (<5
hours sleep), significant odds ratios of both suicidal
ideation (OR = 2.5), and suicidal attempts (OR = 3.0) in the
National Comorbidity Survey (4). Short sleep was found to
have a prevalence of 7.37% and was more common among
older, separated and divorced individuals (151).
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8.2. Hypersomnia

Increased sleepiness and sleep duration have also
been linked to depression and increased suicidality. In a
Breslau et al 1996 study, 8.2% had hypersomnia alone,
with hypersomnia in that study defined as having at least 2
weeks of feeling as if one slept too much every day, and
was associated with a gender-adjusted relative risk of 2.9
for the onset of major depression (127). Agargun et al 1997
were among the first to demonstrate that hypersomnia
related to suicidal tendencies (2). They found that 50% of
hypersomnia patients (classified using SADS questions
involving sleep) were considered suicidal (>3 on SADS
suicidal subscale), which differed markedly from the
proportions of major depressive patients without sleep
disturbance (2). In Ford and Kamerow’s study, 3.2% in the
community had hypersomnia (subjective assessment of
having too much sleep), and among those 46.5% had a
psychiatric disorder (126). However in Chellapa’s study,
excessive somnolence was not as greatly associated with
suicidal ideation. The authors thought the result may have
been secondary to the heterogeneity in the definition (148).

8.3. Nightmares

A disorder classified as a parasomnia in DSM-1V
and ICD-10, nightmares are described as awakenings from
major sleep or nap episodes with quick and detailed
recollections of dreams, usually involving threats to
security, survival or self-esteem. They tend to occur in the
second half of the sleep period, not generally associated
with vocalizations or increased body movements, and
usually involve autonomic activation. Nightmares are also
associated with psychiatric disorders, including depression
and suicidality. A twin study conducted in Finland
determined a genetic predisposition for nightmares and a
temporal relationship between nightmare frequency and
ensuing psychiatric disorders (152). From a sample of
individuals with nightmares, 32% had concomitant major
depression and anxiety disorders (153). Another study
observed a positive correlation between frequency of
nightmares and suicide risk (154), which was later
quantified by Bernert et a/ 2005 (155) as a two-fold risk
increase and later by Sjostrom et al/ 2007 as a five-fold
increase in elevated suicidality (156). Two studies of
adolescents with nightmares also found an association with
suicidal ideation (157) and 6-month prior suicide attempts
(150).

8.4. Nocturnal panic attacks

Nocturnal panic attacks are another sleep
phenomena associated with psychiatric disorders and
suicidality. Apprehension or fear upon awakening that
often “jolt” the patient from sleep characterize sleep panic
attacks. However, the experience is not associated with
dream recall. Sleep panic attacks occur in NREM sleep,
either in stage 2 or SWS, usually during periods of
transition to deeper sleep stages (158). The physical
symptoms are similar to the patient’s wake panic attacks,
but less likely to include fears of insanity or death. Similar
to agoraphobia, some among those with recurrent sleep
panic attacks may develop a fear of falling asleep (159). In
an outpatient study comparing 45 panic disorder patients
with 26 non-psychiatric controls, 69% of those with panic
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disorder said they had sleep panic attacks at some point in
their lives, with 33% having recurrent panic attacks versus
8% of the controls (158). Recurrent middle and late
insomnia was more common in panic disorder patients than
in controls, with no difference in recurrent initial insomnia
between the groups. Among those with a lifetime history of
sleep panic, all types of insomnia were more prevalent.
They had longer histories of depression and were more
likely to report sleep deprivation and relaxation as panic
attack precipitants (158). Agargun et al/ 1998 conducted a
study of panic disorder patients with sleep panic attacks of
> 4 per month and found that they were more suicidal on
the SADS suicidal subscale than those who did not have
sleep panic attacks (151). Since those with comorbid major
depression were more suicidal than those with isolated
panic disorder, the authors felt that panic disorder was not
an independent factor, (160). This conclusion was
supported by Rudd et a/ who found that isolated panic
disorder was rarely associated with suicide, but the mean
scores for suicidal ideation and hopelessness were
significantly higher in those with comorbid panic and mood
disorders (161).

9. CONCLUDING REMARKS

In recent decades, much progress has been made
in addressing sleep problems in allergy treatments,
underscoring unimpaired sleep as a goal and using sleep
(normal versus abnormal) to determine the difference
between mild and moderate-severe allergic rhinitis (162)
(163). Confirming and better understanding the correlations
between allergy, sleep, suicide, and suicide risk factors,
including mood and anxiety disorders will necessitate
concentric studies at clinical, epidemiological, postmortem,
and animal levels. Uncovering and treating sources of sleep
impairment, including allergic rhinitis, in patients with an
increased risk for suicide has a potential to reduce
mortality, morbidity, improve symptomatic control, and
enhance the functioning and quality of life. In all cases,
however, professional mental health evaluations in settings,
which temporarily increase the separation between the
suicidal individual and suicidal means, are critical
whenever acute risk for suicide is uncovered or even
suspected.

10. ACKNOWLEDGEMENTS

Supported by grant R21 MHO075891 and
ROIMHO074891 (PI Postolache). The authors thank Manana
Lapidus for her essential help with references and
manuscript formatting and to Janice C.H. Kim and Jill
Singer for editorial help.

11. REFERENCES

1. M. Y. Agargun, H. Kara and M. Solmaz: Subjective
sleep quality and suicidality in patients with major
depression. J Psychiatr Res 31, 377-81 (1997)

2. M. Y. Agargun, H. Kara and M. Solmaz: Sleep
disturbances and suicidal behavior in patients with major
depression. J Clin Psychiatry 58, 249-51 (1997)

40

3. T. R. Goldstein, J. A. Bridge and D. A. Brent: Sleep
disturbance preceding completed suicide in adolescents. J
Consult Clin Psychol 76, 84-91 (2008)

4. R. D. Goodwin and A. Marusic: Association between
short sleep and suicidal ideation and suicide attempt among
adults in the general population. Sleep 31, 1097-101 (2008)

5. 1. Annesi-Maesano: Epidemiological evidence of the
occurrence of rhinitis and sinusitis in asthmatics. Allergy 54
Suppl 57, 7-13 (1999)

6. M. S. Dykewicz, S. Fineman, D. P. Skoner, R. Nicklas,
R. Lee, J. Blessing-Moore, J. T. Li, I. L. Bernstein, W.
Berger, S. Spector and D. Schuller: Diagnosis and
management of rhinitis: complete guidelines of the Joint
Task Force on Practice Parameters in Allergy, Asthma and
Immunology. American Academy of Allergy, Asthma, and
Immunology. Ann Allergy Asthma Immunol 81, 478-518
(1998)

7. D. Leger, I. Annesi-Maesano, F. Carat, M. Rugina, I
Chanal, C. Pribil, A. El Hasnaoui and J. Bousquet: Allergic
thinitis and its consequences on quality of sleep: An
unexplored area. Arch Intern Med 166, 1744-8 (2006)

8. A. A. Borbely: A two process model of sleep regulation.
Hum Neurobiol 1, 195-204 (1982)

9. P. M. Fuller, J. J. Gooley and C. B. Saper: Neurobiology of
the sleep-wake cycle: sleep architecture, circadian regulation,
and regulatory feedback. J Biol Rhythms 21, 482-93 (2006)

10. C. B. Saper, T. E. Scammell and J. Lu: Hypothalamic
regulation of sleep and circadian rhythms. Nature 437, 1257-
63 (2005)

11. H. P. Van Dongen, G. Maislin, J. M. Mullington and D. F.
Dinges: The cumulative cost of additional wakefulness: dose-
response effects on neurobehavioral functions and sleep
physiology from chronic sleep restriction and total sleep
deprivation. Sleep 26, 117-26 (2003)

12. S. Banks and D. F. Dinges: Behavioral and physiological
consequences of sleep restriction. J Clin Sleep Med 3, 519-28
(2007)

13. S. S. Yoo, N. Gujar, P. Hu, F. A. Jolesz and M. P. Walker:
The human emotional brain without sleep--a prefrontal
amygdala disconnect. Curr Biol 17, R877-8 (2007)

14. L. Lustberg and C. F. Reynolds: Depression and insomnia:
questions of cause and effect. Sleep Med Rev 4, 253-262
(2000)

15. C. M. Sinton and R. W. McCarley: Neurophysiological
mechanisms of sleep and wakefulness: a question of balance.
Semin Neurol 24,211-23 (2004)

16. R. Stickgold, J. A. Hobson, R. Fosse and M. Fosse:
Sleep, learning, and dreams: off-line memory reprocessing.
Science 294, 1052-7 (2001)



Sleep disturbance linking rhinits, mood and suicidality

17. M. P. Walker, T. Brakefield, J. A. Hobson and R.
Stickgold: Dissociable stages of human memory
consolidation and reconsolidation. Nature 425, 616-20
(2003)

18. M. P. Walker and R. Stickgold: Sleep-dependent
learning and memory consolidation. Neuron 44, 121-33
(2004)

19. C. A. Marks and M. J. Wayner: Effects of sleep
disruption on rat dentate granule cell LTP in vivo. Brain
Res Bull 66, 114-9 (2005)

20. C. J. Davis, J. W. Harding and J. W. Wright: REM
sleep deprivation-induced deficits in the latency-to-peak
induction and maintenance of long-term potentiation within
the CA1 region of the hippocampus. Brain Res 973, 293-7
(2003)

21. A. Ishikawa, Y. Kanayama, H. Matsumura, H.
Tsuchimochi, Y. Ishida and S. Nakamura: Selective rapid
eye movement sleep deprivation impairs the maintenance
of long-term potentiation in the rat hippocampus. Eur J
Neurosci 24, 243-8 (2006)

22. R. Guzman-Marin, Z. Ying, N. Suntsova, M.
Methippara, T. Bashir, R. Szymusiak, F. Gomez-Pinilla and
D. McGinty: Suppression of hippocampal plasticity-related
gene expression by sleep deprivation in rats. J Physiol 575,
807-19 (2006)

23. P. D. Patel, C. Pontrello and S. Burke: Robust and
tissue-specific expression of TPH2 versus TPHI1 in rat
raphe and pineal gland. Biol Psychiatry 55, 428-33 (2004)

24. M. Jouvet: Biogenic amines and the states of sleep.
Science 163, 32-41 (1969)

25. C. F. George, T. W. Millar, P. J. Hanly and M. H.
Kryger: The effect of L-tryptophan on daytime sleep
latency in normals: correlation with blood levels. Sleep 12,
345-53 (1989)

26. U. Voderholzer, M. Hornyak, B. Thiel, C. Huwig-
Poppe, A. Kiemen, A. Konig, J. Backhaus, D. Riemann, M.
Berger and F. Hohagen: Impact of experimentally induced
serotonin deficiency by tryptophan depletion on sleep EEG
in healthy subjects. Neuropsychopharmacology 18, 112-24
(1998)

27. A. Apter, H. M. van Praag, R. Plutchik, S. Sevy, M.
Korn and S. L. Brown: Interrelationships among anxiety,
aggression, impulsivity, and mood: a serotonergically
linked cluster? Psychiatry Res 32, 191-9 (1990)

28. H. M. van Praag: Anxiety and increased aggression as
pacemakers of depression. Acta Psychiatr Scand Suppl 393,
81-8 (1998)

29. H. M. Van Praag: Depression, suicide and the
metabolism of serotonin in the brain. J Affect Disord 4,
275-90 (1982)

41

30. J. J. Mann: The neurobiology of suicide. Nat Med 4, 25-
30 (1998)

31. J. J. Mann and K. M. Malone: Cerebrospinal fluid
amines and higher-lethality suicide attempts in depressed
inpatients. Biol Psychiatry 41, 162-71 (1997)

32. P. Nordstrom, M. Samuelsson, M. Asberg, L.
Traskman-Bendz, A. Aberg-Wistedt, C. Nordin and L.
Bertilsson: CSF 5-HIAA predicts suicide risk after
attempted suicide. Suicide Life Threat Behav 24, 1-9 (1994)

33. J. John, M. F. Wu, L. N. Boehmer and J. M. Siegel:
Cataplexy-active  neurons in the hypothalamus:
implications for the role of histamine in sleep and waking
behavior. Neuron 42, 619-34 (2004)

34. J. S. Lin, K. Sakai and M. Jouvet: Evidence for
histaminergic arousal mechanisms in the hypothalamus of
cat. Neuropharmacology 27, 111-22 (1988)

35. M. F. Wu, S. A. Gulyani, E. Yau, E. Mignot, B. Phan
and J. M. Siegel: Locus coeruleus neurons: cessation of
activity during cataplexy. Neuroscience 91, 1389-99 (1999)

36. Perceived insufficient rest or sleep--four states, 2006.
MMWR Morb Mortal Wkly Rep 57, 200-3 (2008)

37. G. N. Pandey and Y. Dwivedi: Noradrenergic function
in suicide. Arch Suicide Res 11, 235-46 (2007)

38. V. Arango, M. D. Underwood and J. J. Mann: Biologic
alterations in the brainstem of suicides. Psychiatr Clin
North Am 20, 581-93 (1997)

39. T. Sakurai, A. Amemiya, M. Ishii, . Matsuzaki, R. M.
Chemelli, H. Tanaka, S. C. Williams, J. A. Richardson, G.
P. Kozlowski, S. Wilson, J. R. Arch, R. E. Buckingham, A.
C. Haynes, S. A. Carr, R. S. Annan, D. E. McNulty, W. S.
Liu, J. A. Terrett, N. A. Elshourbagy, D. J. Bergsma and M.
Yanagisawa: Orexins and orexin receptors: a family of
hypothalamic neuropeptides and G protein-coupled
receptors that regulate feeding behavior. Cell 92, 573-85
(1998)

40. L. Lin, J. Faraco, R. Li, H. Kadotani, W. Rogers, X.
Lin, X. Qiu, P. J. de Jong, S. Nishino and E. Mignot: The
sleep disorder canine narcolepsy is caused by a mutation in
the hypocretin (orexin) receptor 2 gene. Cell 98, 365-76
(1999)

41. M.C. Xi, F.R. Morales and M.H. Chase: Effects on
sleep and wakefulness of the injection of hypocretin-1
(orexin-A) into the laterodorsal tegmental nucleus of the
cat. Brain Res 901, 259-64 (2001)

42. S. A. Deadwyler, L. Porrino, J. M. Siegel and R. E.
Hampson: Systemic and nasal delivery of orexin-A
(Hypocretin-1) reduces the effects of sleep deprivation on
cognitive performance in nonhuman primates. J Neurosci
27, 14239-47 (2007)



Sleep disturbance linking rhinits, mood and suicidality

43. T. Sakurai: The neural circuit of orexin (hypocretin):
maintaining sleep and wakefulness. Nat Rev Neurosci 8,
171-81 (2007)

44.]. S. Allard, Y. Tizabi, J. P. Shaffery, C. O. Trouth and
K. Manaye: Stereological analysis of the hypothalamic
hypocretin/orexin neurons in an animal model of
depression. Neuropeptides 38, 311-5 (2004)

45. L. Brundin, A. Petersen, M. Bjorkqvist and L.
Traskman-Bendz: Orexin and psychiatric symptoms in
suicide attempters. J Affect Disord 100, 259-63 (2007)

46. Z. Kronfol and D. G. Remick: Cytokines and the brain:
implications for clinical psychiatry. Am J Psychiatry 157,
683-94 (2000)

47. M. R. Opp: Sleep and psychoneuroimmunology. Neurol
Clin 24, 493-506 (2006)

48. J. M. Krueger, F. J. Obal and J. Fang: Humoral
regulation of physiological sleep: cytokines and GHRH. J
Sleep Res 8 Suppl 1, 53-9 (1999)

49. A. A. Borbely and I. Tobler: Endogenous sleep-
promoting substances and sleep regulation. Physiol Rev 69,
605-70 (1989)

50. F. Kapsimalis, G. Richardson, M. R. Opp and M.
Kryger: Cytokines and normal sleep. Curr Opin Pulm Med
11, 481-4 (2005)

51. J. M. Krueger and J. A. Majde: Humoral links between
sleep and the immune system: research issues. Ann N Y
Acad Sci 992, 9-20 (2003)

52. T. Kubota, T. Kushikata, J. Fang and J. M. Krueger:
Nuclear  factor-kappaB  inhibitor  peptide  inhibits
spontaneous and interleukin-1beta-induced sleep. Am J
Physiol Regul Integr Comp Physiol 279, R404-13 (2000)

53. T. Kushikata, J. Fang, Y. Wang and J. M. Krueger:
Interleukin-4 inhibits spontaneous sleep in rabbits. Am J
Physiol 275, R1185-91 (1998)

54. H. Moldofsky, F. A. Lue, J. Eisen, E. Keystone and R.
M. Gorczynski: The relationship of interleukin-1 and
immune functions to sleep in humans. Psychosom Med 48,
309-18 (1986)

55.J. Fang, Y. Wang and J. M. Krueger: Mice lacking the
TNF 55 kDa receptor fail to sleep more after TNFalpha
treatment. J Neurosci 17, 5949-55 (1997)

56. F. J. Obal, M. Opp, A. B. Cady, L. Johannsen, A. E.
Postlethwaite, H. M. Poppleton, J. M. Seyer and J. M.
Krueger: Interleukin 1 alpha and an interleukin 1 beta
fragment are somnogenic. Am J Physiol 259, R439-46
(1990)

57. S. Shoham, D. Davenne, A. B. Cady, C. A. Dinarello
and J. M. Krueger: Recombinant tumor necrosis factor and

42

interleukin 1 enhance slow-wave sleep. Am J Physiol 253,
R142-9 (1987)

58. F. C. Baker, S. Shah, D. Stewart, C. Angara, H. Gong,
R. Szymusiak, M. R. Opp and D. McGinty: Interleukin 1
beta enhances non-rapid eye movement sleep and increases
c-Fos protein expression in the median preoptic nucleus of
the hypothalamus. Am J Physiol Regul Integr Comp
Physiol 288, R998-R1005 (2005)

59. E. T. J. Cunningham and E. B. De Souza: Interleukin 1
receptors in the brain and endocrine tissues. Immunol
Today 14, 171-6 (1993)

60. A. Manfridi, D. Brambilla, S. Bianchi, M. Mariotti,
M.R. Opp and L. Imeri: Interleukin-1beta enhances non-
rapid eye movement sleep when microinjected into the
dorsal raphe nucleus and inhibits serotonergic neurons in
vitro.  Eur J  Neurosci 18, 1041-9  (2003)

61. S. Datta, E. H. Patterson and D. F. Siwek: Endogenous
and exogenous nitric oxide in the pedunculopontine
tegmentum induces sleep. Synapse 27, 69-78 (1997)

62. F. Garcia-Garcia, H. Yoshida and J. M. Krueger:
Interleukin-8 promotes non-rapid eye movement sleep in
rabbits and rats. J Sleep Res 13, 55-61 (2004)

63. M. R. Opp, E. M. Smith and T. K. J. Hughes:
Interleukin-10 (cytokine synthesis inhibitory factor) acts
in the central nervous system of rats to reduce sleep. J
Neuroimmunol 60, 165-8 (1995)

64. D. A. Papanicolaou: Euthyroid Sick Syndrome and
the role of cytokines. Rev Endocr Metab Disord 1, 43-8
(2000)

65. L. Redwine, R. L. Hauger, J. C. Gillin and M. Irwin:
Effects of sleep and sleep deprivation on interleukin-6,
growth hormone, cortisol, and melatonin levels in
humans. J Clin Endocrinol Metab 85, 3597-603 (2000)

66. A. N. Vgontzas, D. A. Papanicolaou, E. O. Bixler,
A. Lotsikas, K. Zachman, A. Kales, P. Prolo, M. L.
Wong, J. Licinio, P. W. Gold, R. C. Hermida, G.
Mastorakos and G. P. Chrousos: Circadian interleukin-6
secretion and quantity and depth of sleep. J Clin
Endocrinol Metab 84, 2603-7 (1999)

67. J. D. Morrow and M. R. Opp: Sleep-wake behavior
and responses of interleukin-6-deficient mice to sleep
deprivation. Brain Behav Immun 19, 28-39 (2005)

68. S. Sakami, T. Ishikawa, N. Kawakami, T. Haratani,
A. Fukui, F. Kobayashi, O. Fujita, S. Araki and N.
Kawamura: Coemergence of insomnia and a shift in the

Th1/Th2 balance toward Th2 dominance.
Neuroimmunomodulation 10, 337-43 (2002)
69. N. Simpson and D. F. Dinges: Sleep and

inflammation. Nutr Rev 65, S244-52 (2007)



Sleep disturbance linking rhinits, mood and suicidality

70. D. J. Frey, M. Fleshner and K. P. J. Wright: The effects
of 40 hours of total sleep deprivation on inflammatory
markers in healthy young adults. Brain Behav Immun 21,
1050-7 (2007)

71. J. Hu, Z. Chen, C. P. Gorczynski, L. Y. Gorczynski, Y.
Kai, L. Lee, J. Manuel and R. M. Gorczynski: Sleep-
deprived mice show altered cytokine production manifest
by perturbations in serum IL-1ra, TNFa, and IL-6 levels.
Brain Behav Immun 17, 498-504 (2003)

72. A. Reichenberg, R. Yirmiya, A. Schuld, T. Kraus, M.
Haack, A. Morag and T. Pollmacher: Cytokine-associated
emotional and cognitive disturbances in humans. Arch Gen
Psychiatry 58, 445-52 (2001)

73. G. Menard, V. Turmel and E. Y. Bissonnette: Serotonin
modulates the cytokine network in the lung: involvement of
prostaglandin E2. Clin Exp Immunol 150, 340-8 (2007)

74. S. Kent, R. M. Bluthe, K. W. Kelley and R. Dantzer:
Sickness behavior as a new target for drug development.
Trends Pharmacol Sci 13, 24-8 (1992)

75. M. Maes, E. Bosmans, R. De Jongh, G. Kenis, E.
Vandoolaeghe and H. Neels: Increased serum IL-6 and IL-1
receptor antagonist concentrations in major depression and
treatment resistant depression. Cytokine 9, 853-8 (1997)

76. R. Dantzer: Innate immunity at the forefront of
psychoneuroimmunology. Brain Behav Immun 18, 1-6 (2004)

77.Y. K. Kim, I. B. Suh, H. Kim, C. S. Han, C. S. Lim, S. H.
Choi and J. Licinio: The plasma levels of interleukin-12 in
schizophrenia, major depression, and bipolar mania: effects of
psychotropic drugs. Mol Psychiatry 7, 1107-14 (2002)

78. M. L. Wong and J. Licinio: Research and treatment
approaches to depression. Nat Rev Neurosci 2,343-51 (2001)

79. Z. Kronfol: Immune dysregulation in major depression: a
critical review of  existing evidence. Int J
Neuropsychopharmacol 5, 333-43 (2002)

80. J. Licinio and M.-L. Wong: Pharmacogenomics in
psychiatry: clinical issues to be considered Molecular
Psychiatry 10, 615-615 (2005)

81. R. Schwarcz: The kynurenine pathway of tryptophan
degradation as a drug target. Curr Opin Pharmacol 4, 12-7
(2004)

82. M. Wichers and M. Maes: The psychoneuroimmuno-
pathophysiology of cytokine-induced depression in humans.
Int J Neuropsychopharmacol 5, 375-88 (2002)

83. S. Bonaccorso, V. Marino, A. Puzella, M. Pasquini, M.
Biondi, M. Artini, C. Almerighi, R. Verkerk, H. Meltzer
and M. Maes: Increased depressive ratings in patients with
hepatitis C receiving interferon-alpha-based
immunotherapy are related to interferon-alpha-induced

43

changes in the serotonergic J Clin

Psychopharmacol 22, 86-90 (2002)

system.

84. L. Capuron and R. Dantzer: Cytokines and depression:
the need for a new paradigm. Brain Behav Immun 17 Suppl
1, S119-24 (2003)

85. K. Ademmer, M. Beutel, R. Bretzel, C. Jaeger, C.
Reimer and J. Clemens: Suicidal ideation with IFN-alpha
and ribavirin in a patient with hepatitis C. Psychosomatics
42, 365-7 (2001)

86. K. D. Denicoff, D. R. Rubinow, M. Z. Papa, C.
Simpson, C. A. Seipp, M. T. Lotze, A. E. Chang, D.
Rosenstein and S. A. Rosenberg: The neuropsychiatric
effects of treatment with interleukin-2 and lymphokine-
activated killer cells. Ann Intern Med 107, 293-300 (1987)

87. H. L. Janssen, J. T. Brouwer, R. C. van der Mast and S.
W. Schalm: Suicide associated with alfa-interferon therapy
for chronic viral hepatitis. J Hepatol 21, 241-3 (1994)

88. D. L. Musselman, D. H. Lawson, J. F. Gumnick, A. K.
Manatunga, S. Penna, R. S. Goodkin, K. Greiner, C. B.
Nemeroff and A. H. Miller: Paroxetine for the prevention
of depression induced by high-dose interferon alfa. N Engl
J Med 344, 961-6 (2001)

89. L. Capuron, A. Ravaud and R. Dantzer: Early depressive
symptoms in cancer patients receiving interleukin 2 and/or
interferon alfa-2b therapy. J Clin Oncol 18, 2143-51 (2000)

90. R. Dantzer: Cytokine-induced sickness behavior:
mechanisms and implications. Ann N Y Acad Sci 933, 222-34
(2001)

91. R. B. Moss, A. Mercandetti and A. Vojdani: TNF-alpha
and chronic fatigue syndrome. J Clin Immunol 19, 314-6
(1999)

92. C. M. Franklin: Clinical experience with soluble TNF p75
receptor in rheumatoid arthritis. Semin Arthritis Rheum 29,
172-81 (1999)

93. K. Fukunishi, H. Tanaka, J. Maruyama, H. Takahashi, H.
Kitagishi, T. Ueshima, K. Maruyama and I. Sakata: Burns in a
suicide attempt related to psychiatric side effects of interferon.
Burns 24, 581-3 (1998)

94. M. A. Lana-Peixoto, A. L. Teixeira, Jr. and V. G. Haase:
Interferon beta-1la-induced depression and suicidal ideation in
multiple sclerosis. Arq Neuropsiquiatr 60, 721-4 (2002)

95. L. H. Torelli, J. Stiller, D. Rujescu, 1. Giegling, B.
Schneider, K. Maurer, A. Schnabel, H. J. Moller, H. H. Chen
and T. T. Postolache: Elevated cytokine expression in the
orbitofrontal cortex of victims of suicide. Acta Psychiatr Scand
117, 198-206 (2008)

96. P. Demoly, F. A. Allaert, M. Lecasble and J. Bousquet:
Validation of the classification of ARIA (allergic rhinitis
and its impact on asthma). Allergy 58, 672-5 (2003)



Sleep disturbance linking rhinits, mood and suicidality

97. Galli.S, T. M. and P. A. M.: The development of
allergic inflammation. Nature 454 (2008)

98. F.K. Goodwin and K. R. Jamison: Manic-depressive
illness: bipolar disorders and recurrent depression, Oxford
University Press, NY (2007)

99. T. T. Postolache, J. W. Stiller, R. Herrell, M. A.
Goldstein, S. S. Shreeram, R. Zebrak, C. M. Thrower, J.
Volkov, M. J. No, I. Volkov, K. J. Rohan, J. Redditt, M.
Parmar, F. Mohyuddin, C. Olsen, M. Moca, L. H. Tonelli,
K. Merikangas and H. D. Komarow: Tree pollen peaks are
associated with increased nonviolent suicide in women.
Mol Psychiatry 10, 232-5 (2005)

100. M. Timonen, J. Jokelainen, H. Hakko, S.
Silvennoinen-Kassinen, V. B. Meyer-Rochow, A. Herva
and P. Rasanen: Atopy and depression: results from the
Northern Finland 1966 Birth Cohort Study. Mol Psychiatry
8, 738-44 (2003)

101. I. R. Bell, M. L. Jasnoski, J. Kagan and D. S. King:
Depression and allergies: survey of a nonclinical
population. Psychother Psychosom 55, 24-31 (1991)

102. M. Hashiro and M. Okumura: The relationship
between the psychological and immunological state in
patients with atopic dermatitis. J Dermatol Sci 16, 231-5
(19938)

103. M. Timonen, J. Jokelainen, S. Silvennoinen-Kassinen,
A. Herva, P. Zitting, B. Xu, O. Peltola and P. Rasanen:
Association between skin test diagnosed atopy and
professionally diagnosed depression: a Northern Finland
1966 Birth Cohort study. Biol Psychiatry 52, 349-55 (2002)

104. M. Z. Wamboldt, J. K. Hewitt, S. Schmitz, F. S.
Wamboldt, M. Rasanen, M. Koskenvuo, K. Romanov, J.
Varjonen and J. Kaprio: Familial association between
allergic disorders and depression in adult Finnish twins. Am
J Med Genet 96, 146-53 (2000)

105. P. S. Marshall, C. O'Hara and P. Steinberg: Effects of
scasonal allergic rhinitis on fatigue levels and mood.
Psychosom Med 64, 684-91 (2002)

106. A. Guzman, L. H. Tonelli, D. Roberts, J. W. Stiller,
M. A. Jackson, J. J. Soriano, S. Yousufi, K. J. Rohan, H.
Komarow and T. T. Postolache: Mood-worsening with
high-pollen-counts and seasonality: a preliminary report. J
Affect Disord 101, 269-74 (2007)

107. T Postolache, P.Langenberg, S. Zimmerman,
M.Lapidus, H. Komarow, J. McDonald., N. Furst, N.
Dzhanashvili, D. Scrandis, J. Bai, B.Postolache., J.Soriano,
B.Vittone, A.Guzman, J. Woo, J.Stiller, R.Hamilton and
L.Tonelli.: Changes in Severity of Allergy and Anxiety
Symptoms Are Positively Correlated in Patients with
Recurrent Mood Disorders Who Are Exposed to Seasonal
Peaks of Aecroallergens. International Journal of Child
Health and Human Development 1, 313-322 (2008)

44

108. M. Blaiss, T. Reigel and E. Philpot: A study to
determine the impact of rhinits on sufferers' sleep and daily
routine. J Allergy Clin Immunol 115, S197 (2005)

109. A. Shedden: Impact of nasal congestion on quality of
life and work productivity in allergic rhinitis: findings from
a large online survey. Treat Respir Med 4, 439-46 (2005)

110. C. W. Zwillich, C. Pickett, F. N. Hanson and J. V.
Weil: Disturbed sleep and prolonged apnea during nasal
obstruction in normal men. Am Rev Respir Dis 124, 158-60
(1981)

111. D. E. Stull, L. Roberts, L. Frank and K. Heithoff:
Relationship of nasal congestion with sleep, mood, and
productivity. Curr Med Res Opin 23, 811-9 (2007)

112. T. J. Craig, S. Teets, E. B. Lehman, V. M. Chinchilli
and C. Zwillich: Nasal congestion secondary to allergic
rhinitis as a cause of sleep disturbance and daytime fatigue
and the response to topical nasal corticosteroids. J Allergy
Clin Immunol 101, 633-7 (1998)

113. W. Storms: Allergic rhinitis-induced nasal
congestion: its impact on sleep quality. Prim Care
Respir J 17, 7-18 (2008)

114. Schulman, Ronca and Bucuvalas, Inc. (SRBI):
Allergies in America: a landmark survey of nasal allergy
sufferers. [access date October 2008]
http://www.mmcpub.com/scsaia/AdultSummary.pdf
(2006)

115. E. Stepanski, J. Lamphere, P. Badia, F. Zorick and
T. Roth: Sleep fragmentation and daytime sleepiness.
Sleep 7, 18-26 (1984)

116. P. Lavie, R. Gertner, J. Zomer and L. Podoshin:
Breathing  disorders in sleep associated with
"microarousals' in patients with allergic rhinitis. Acta
Otolaryngol 92, 529-33 (1981)

117. W. T. McNicholas, S. Tarlo, P. Cole, N. Zamel, R.
Rutherford, D. Griffin and E. A. Phillipson: Obstructive
apneas during sleep in patients with seasonal allergic
rhinitis. Am Rev Respir Dis 126, 625-8 (1982)

118. T. Young, L. Finn and H. Kim: Nasal obstruction
as a risk factor for sleep-disordered breathing. The
University of Wisconsin Sleep and Respiratory Research
Group. J Allergy Clin Immunol 99, S757-62 (1997)

119. M. T. Staevska, M. A. Mandajieva and V. D.
Dimitrov: Rhinitis and sleep apnea. Curr Allergy
Asthma Rep 4, 193-9 (2004)

120. M. J. Welch: Topical nasal steroids for allergic
rhinitis. West J Med 158, 616-7 (1993)

121. L. E. Mansfield, G. Diaz, C. R. Posey and J.
Flores-Neder: Sleep disordered breathing and daytime
quality of life in children with allergic rhinitis during



Sleep disturbance linking rhinits, mood and suicidality

treatment with intranasal budesonide. Ann Allergy Asthma
Immunol 92, 240-4 (2004)

122. K. Hughes, C. Glass, M. Ripchinski, F. Gurevich, T.
E. Weaver, E. Lehman, L. H. Fisher and T. J. Craig:
Efficacy of the topical nasal steroid budesonide on
improving sleep and daytime somnolence in patients with
perennial allergic rhinitis. Allergy 58, 380-5 (2003)

123. M. Mintz, J. Garcia, P. Diener, Y. Liao, L. Dupclay
and G. Georges: Triamcinolone acetonide aqueous nasal
spray improves nocturnal rhinitis-related quality of life in
patients treated in a primary care setting: the Quality of
Sleep in Allergic Rhinitis study. Ann Allergy Asthma
Immunol 92, 255-61 (2004)

124. J. J. Mann: Neurobiology of suicidal behaviour. Nat
Rev Neurosci 4, 819-28 (2003)

125. M. L. Perlis, D. E. Giles, D. J. Buysse, X. Tu and D. J.
Kupfer: Self-reported sleep disturbance as a prodromal
symptom in recurrent depression. J Affect Disord 42, 209-
12 (1997)

126. D. E. Ford and D. B. Kamerow: Epidemiologic study
of sleep disturbances and psychiatric disorders. An
opportunity for prevention? JAMA 262, 1479-84 (1989)

127. N. Breslau, T. Roth, L. Rosenthal and P. Andreski:
Sleep disturbance and psychiatric disorders: a longitudinal
epidemiological study of young adults. Biol Psychiatry 39,
411-8 (1996)

128. D. J. Buysse, J. Angst, A. Gamma, V. Ajdacic, D.
Eich and W. Rossler: Prevalence, course, and comorbidity
of insomnia and depression in young adults. Sleep 31, 473-
80 (2008)

129. D. Riemann and U. Voderholzer: Primary insomnia: a
risk factor to develop depression? J Affect Disord 76, 255-9
(2003)

130. R. M. Benca: Sleep in psychiatric disorders. Neurol Clin
14, 739-64 (1996)

131. S. E. Martin, P. K. Wraith, I. J. Deary and N. J. Douglas:
The effect of nonvisible sleep fragmentation on daytime
function. Am J Respir Crit Care Med 155, 1596-601 (1997)

132. M. M. Ohayon: Nocturnal awakenings and comorbid
disorders in the American general population. J Psychiatr Res
(2008)

133. M. A. Wallander, S. Johansson, A. Ruigomez, L. A.
Garcia Rodriguez and R. Jones: Morbidity Associated With
Sleep Disorders in Primary Care: A Longitudinal Cohort
Study. Prim Care Companion J Clin Psychiatry 9, 338-345
(2007)

134. C. F. r. Reynolds and D. J. Kupfer: Sleep research in
affective illness: state of the art circa 1987. Sleep 10, 199-
215 (1987)

45

135. R. M. Benca, W. H. Obermeyer, R. A. Thisted and J.
C. Gillin: Sleep and psychiatric disorders. A meta-analysis.
Arch Gen Psychiatry 49, 651-68; discussion 669-70 (1992)

136. G. J. Emslie, R. Armitage, W. A. Weinberg, A. J.
Rush, T. L. Mayes and R. F. Hoffmann: Sleep
polysomnography as a predictor of recurrence in children
and adolescents with major depressive disorder. Int J
Neuropsychopharmacol 4, 159-68 (2001)

137. C. J. Lauer, D. Riemann, M. Wiegand and M. Berger:
From early to late adulthood. Changes in EEG sleep of
depressed patients and healthy volunteers. Biol Psychiatry
29, 979-93 (1991)

138. W. J. Green and P. P. Stajduhar: The effect of ECT on
the sleep-dream cycle in a psychotic depression. J Nerv
Ment Dis 143, 123-34 (1966)

139. E. Hartmann, P. Verdone and F. Snyder: Longitudinal
studies of sleep and dreaming patterns in psychiatric
patients. J Nerv Ment Dis 142, 117-26 (1966)

140. D. E. Giles, R. B. Jarrett, H. P. Roffwarg and A. J.
Rush: Reduced rapid eye movement latency. A predictor of
recurrence in depression. Neuropsychopharmacology 1, 33-
9 (1987)

141. E. Sabo, C. F. r. Reynolds, D. J. Kupfer and S. R.
Berman: Sleep, depression, and suicide. Psychiatry Res 36,
265-77 (1991)

142. J. Vignau, D. Bailly, A. Duhamel, P. Vervaecke, R.
Beuscart and C. Collinet: Epidemiologic study of sleep
quality and troubles in French secondary school
adolescents. J Adolesc Health 21, 343-50 (1997)

143. R. E. Dahl, J. Puig-Antich, N. D. Ryan, B. Nelson, S.
Dachille, S. L. Cunningham, L. Trubnick and T. P.
Klepper: EEG sleep in adolescents with major depression:
the role of suicidality and inpatient status. J Affect Disord
19, 63-75 (1990)

144. C. L. Turvey, Y. Conwell, M. P. Jones, C. Phillips, E.
Simonsick, J. L. Pearson and R. Wallace: Risk factors for
late-life suicide: a prospective, community-based study. Am
J Geriatr Psychiatry 10, 398-406 (2002)

145. M. Y. Agargun and R. Cartwright: REM sleep, dream
variables and suicidality in depressed patients. Psychiatry
Res 119, 33-9 (2003)

146. M. LeBlanc, S. Beaulieu-Bonneau, C. Merette, J.
Savard, H. Ivers and C. M. Morin: Psychological and
health-related quality of life factors associated with
insomnia in a population-based sample. J Psychosom Res
63, 157-66 (2007)

147. R. C. Hall, D. E. Platt and R. C. Hall: Suicide risk
assessment: a review of risk factors for suicide in 100
patients who made severe suicide attempts. Evaluation of



Sleep disturbance linking rhinits, mood and suicidality

suicide risk in a time of managed care. Psychosomatics 40,
18-27 (1999)

148. S. L. Chellappa and J. F. Araujo: Sleep disorders and
suicidal ideation in patients with depressive disorder.
Psychiatry Res 153, 131-6 (2007)

149. D. F. Kripke, L. Garfinkel, D. L. Wingard, M. R.
Klauber and M. R. Marler: Mortality associated with sleep
duration and insomnia. Arch Gen Psychiatry 59, 131-6
(2002)

150. X. Liu: Sleep and adolescent suicidal behavior. Sleep
27, 1351-8 (2004)

151. M. Y. Agargun and H. Kara: Recurrent sleep panic,
insomnia, and suicidal behavior in patients with panic
disorder. Compr Psychiatry 39, 149-51 (1998)

152. C. Hublin, J. Kaprio, M. Partinen and M. Koskenvuo:
Nightmares: familial aggregation and association with
psychiatric disorders in a nationwide twin cohort. Am J
Med Genet 88, 329-36 (1999)

153. M. M. Ohayon, P. L. Morselli and C. Guilleminault:
Prevalence of nightmares and their relationship to
psychopathology and daytime functioning in insomnia
subjects. Sleep 20, 340-8 (1997)

154. A. Tanskanen, J. Tuomilehto, H. Viinamaki, E.
Vartiainen, J. Lehtonen and P. Puska: Nightmares as
predictors of suicide. Sleep 24, 844-7 (2001)

155. R. A. Bernert, T. E. J. Joiner, K. C. Cukrowicz, N. B.
Schmidt and B. Krakow: Suicidality and sleep
disturbances. Sleep 28, 1135-41 (2005)

156. N. Sjostrom, M. Waern and J. Hetta: Nightmares and
sleep disturbances in relation to suicidality in suicide
attempters. Sleep 30, 91-5 (2007)

157. M. Choquet and H. Menke: Suicidal thoughts during
early adolescence: prevalence, associated troubles and
help-seeking behavior. Acta Psychiatr Scand 81, 170-7
(1990)

158 T. A. Mellman and T. W. Uhde:
Electroencephalographic sleep in panic disorder. A focus
on sleep-related panic attacks. Arch Gen Psychiatry 46,
178-84 (1989)

159. T. A. Mellman and T. W. Uhde: Sleep panic attacks:
new clinical findings and theoretical implications. Am J
Psychiatry 146, 1204-7 (1989)

160. M. Y. Agargun and H. Kara: Suicidality in patients
with panic disorder : the association with comorbidity. Eur
Psychiatry 11,209-211 (1996)

161. M. D. Rudd, P. F. Dahm and M. H. Rajab: Diagnostic
comorbidity in persons with suicidal ideation and behavior.
Am J Psychiatry 150, 928-34 (1993)

46

162. D. Price, C. Bond, J. Bouchard, R. Costa, J. Keenan,
M. L. Levy, M. Orru, D. Ryan, S. Walker and M. Watson:
International Primary Care Respiratory Group (IPCRG)
Guidelines: management of allergic rhinitis. Prim Care
Respir J 15, 58-70 (2006)

163. J. Bousquet, F. Neukirch, P. J. Bousquet, P. Gehano, J.
M. Klossek, M. Le Gal and B. Allaf: Severity and
impairment of allergic rhinitis in patients consulting in
primary care. J Allergy Clin Immunol 117, 158-62 (2006)

Abbreviations: Th1/Th2: T-helper type 1/2 cells, NREM:
non-rapid eye movement, REM: rapid eye movement, LTP:
long-term potentiation, LTD: long-term depression, BDNF:
brain-derived neurotrophic factor, CREB: cAMP response
element-binding protein, CaMKII: calcium/calmodulin-
dependent protein kinase II, 5-HT: serotonin, 5-HIAA: 5-
hydroxyindoleacetic acid, CSF: cerebrospinal fluid, CSF 5-
HIAA: cerebrospinal fluid 5- hydroxyindoleacetic acid,
LDT: laterodorsal tegmental nucleus, VPLO: ventral
posterior lateral nucleus, TNF: tumor necrosis factor, IFN:
interferon, IL: interleukin, TGF: transforming growth
factor, SWS: slow wave sleep, HPA: hypothalamic-
pituitary-adrenal axis, HLA: human leukocyte antigen,
CRP: C-reactive protein, TRP: tryptophan, IDO:
indoleamine-2,3-dioxygenase, KYN: kynurenine, RT-PCR:
reverse transcription polymerase chain reaction, CI:
confidence interval, EEG: electroencephalography, PSG:
polysomnography, AHI: apnea-hypopnea index, RQLG:
Rhinoconjunctivitis Quality of Life Questionnaire, OR:
odds ratio, PSQI: Pittsburgh Sleep Questionnaire Index,
SADS: Schedule for Affective Disorders and
Schizophrenia, K-SADS-PL: Schedule for Affective
Disorders and Schizophrenia for School-Age Children-
Present and Lifetime, CES-D: Center for Epidemiologic
Studies-Depression  Scale, BDI: Beck Depression
Inventory, HDRS: Hamilton Depression Rating Scale,
DSM-IV: Diagnostic and Statistical Manual of Mental
Disorders 4" edition, ICD-10: International Statistical
Classification of Diseases and Related Health Problems
10™ Revision

Key Words: Sleep Disturbance, Sleep Impairment,
Insomnia , Suicide, Suicide Attempts, Suicide Ideation,
Suicidality, Allergic Rhinitis, Allergy, Depression, Immune
Response, Immunology, Allergic Inflammation, Allergic
Sensitization, Allergens, Quality Of Life, Review

Send correspondence to: Teodor T. Postolache, Mood and
Anxiety Program (MAP), Department of Psychiatry,
University of Maryland School of Medicine, 685 West
Baltimore Street MSTF Building Room 930, Baltimore,
MD 21201 USA, Tel: 410-706-2323, Fax: 410-706-0751,
E-mail: tpostolache@psych.umaryland.edu



