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cal events with different levels of activity in the central and 
peripheral nervous system over time3.

STAGES OF SLEEP
There are two distinct states of sleep, based on the electro-
physiological characteristics of the electroencephalogram 
(EEG), electrooculogram, and electromyogram4: synchro-
nized, or non-rapid-eye-movement (NREM), sleep; desyn-
chronized, or rapid-eye-movement (REM), sleep

Normal sleep consists of an alternation between REM 
and NREM. 

NREM sleep	
Synchronized, or NREM, sleep, is characterized by synchro-
nous brain electrical activity on the EEG, with distinctive 
graphic elements4, and it is divided into three stages: N1, 
N2 and N34. The stages, N1-N3, progressively represent 
the depth of sleep, with a higher arousal threshold. 

Normal sleep begins with NREM sleep at the N1 stage, 
which is a short and transitional stage that moves to the 
N2 stage of sleep when the EEG begins to exhibit waves of 
higher amplitude and lower frequency that contain K-com-
plexes and sleep spindles (Figure 1). The N2 stage occupies 
about 50% of the night of a healthy young adult5. The N3 
stage is characterized by the presence of large amplitude and 
slow waves (delta waves) in the EEG (Figure 2), and it is also 
known as deep sleep, or slow-wave sleep (SWS).

During NREM sleep, there is a significant reduction 
in the energy consumption, a reduction of the somatic and 
CNS metabolism, and a reduction of the autonomic nervous 
system (ANS) activity. A reduction in neuromuscular tone 
can also be observed when mental activity reaches its mini-
mum, and there are no dreams. A definition of NREM sleep 
would be: “a state of relative brain inactivity in a partially 
inactive neuromuscular system”3.

REM sleep
REM sleep is not divided into stages, but it is characterized 
by EEG desynchronization (Figure 3). The presence of REM 
episodes and muscle relaxation, with a significant reduction 
of neuromuscular tone, characterizes this sleep stage4. There 
is an activation of the autonomic nervous system, which 
results in changes in the heart and respiratory rates, blood 
pressure, cardiac output, cerebral blood flow, and penile 
erections in men. Dream reports indicate mental activity. A 
definition of this state would be: “an active brain in a para-
lyzed body”3.	

REM sleep occupies about 25% of total sleep time in 
a healthy young adult5. During REM sleep, there is an in-
crease in the regional cerebral metabolism in brain regions 
that control behavior, such as in those involved in visual 

control (visual dreams), and there is a marked metabolic de-
activation of the cortical regions related to executive cogni-
tive functions3,6.

Sleep cycle
The stages of sleep alternate throughout the night, form-
ing the NREM-REM cycles. The distribution of these 

Figure 1. NREM sleep stage N2. K-complexes and spindles are present 
in the EEG.
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stages in a normal night of eight hours of sleep shows a 
greater amount of SWS in the fi rst half of the night, with a 
predominance of REM sleep in the second one (Figure 4)5. 
The normal sleep onset latency is less than 30 minutes, and 
normal REM sleep onset latency is from 70 to 120 minutes 
after sleep onset5. Sleep effi ciency is calculated as the total 
sleep time divided by the total recording time in the poly-
somnography (PSG)5. 

FUNCTIONS OF SLEEP 
What is the real function of sleep in humans and mammals? 
There is evidence that sleep plays a role in saving energy and 
in the reversal of metabolic changes in the CNS and somatic 
hormone secretion7. Animal studies have shown that sleep 
deprivation causes death in mice more quickly than the ca-
loric deprivation does7.

There are several hypotheses regarding the function of 
REM sleep, with the most accepted theories being associ-
ated with procedural learning tasks, memory consolidation, 
synthesis of new information, and organization of informa-
tion in networks of associations6,7. Despite the existence of 
evidence for those theories, there is not a unique hypothesis 
unifying the several mentioned theories7. 

Sleep has had an important role in neuronal plasticity 
and in the consolidation of episodic memory and learning6-8. 
Therefore, sleep would have a role in the preservation of the 
individual and species evolution (Chart 1).

MECHANISMS OF SLEEP-WAkE CYCLE
Anatomical regions associated with wakefulness 
Wakefulness is the result of a joint action of the ascending 
reticular formation (RF) (glutamatergic neurons) in combi-
nation with the aminergic nuclei (serotonin, noradrenaline, 
dopamine, and histamine), having cholinergic receptors lo-
cated in the pons, bulbs, and basal forebrain, and in the pos-
terior and lateral hypothalamic nuclei (histamine and hypo-
cretin, respectively)2,3,6-10, as can be seen in Figures 5 and 6.

RF
The RF is a neuroanatomical structure that extends from 
the brainstem (medulla oblongata) throughout the midbrain 
and hypothalamus, and it reaches the thalamus10 (Figure 5). 
The RF segment at the height of the brainstem receives an 
extensive network of general somatic afferents (touch, tem-
perature pain, and body position), and special somatic and 
visceral excitatory projections signifi cantly contribute to 
wakefulness. The RF has the autonomy to maintain wake-
fulness and consciousness10. It is also capable of maintaining 
alertness with a minimum of external stimuli, showing that 
the existence of a traffi c reduction of excitatory impulses for 
the onset of sleep or for the reduction of wakefulness is not 
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Figure 4. Hypnogram of healthy and young adult. The percentages of 
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Chart 1. Functions of sleep7.

Figure 5. Reticular formation and ascending reticular system (ARAS).
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enough, but it is necessary that there is an active inhibition 
of the RF by other neural systems (GABAergic and MCH 
systems)2.

The RF activity is maximal during wakefulness, whereas 
its activity is substantially reduced by the GABAergic in-
hibitory system of the nucleus of the anterior hypothalamus 
during NREM and REM. The RF is an active region during 
wakefulness (“wake-on”) and inactive during sleep3,9.

Ascending reticular activating system
The ascending reticular activating system (ARAS) is a func-
tional concept, not an anatomical structure, which clus-
ters neural systems with different neurotransmitters2,3,6-10. 
These systems are located in the brainstem reticular forma-
tion, with its glutamatergic interneurons, thalamocortical 
system, nuclei noradrenergic, serotonergic, dopaminergic, 
pontine and basal forebrain cholinergic and histaminergic 
hypothalamic systems (Figures 5 and 6)2,3,8-10.

The ARAS is responsible for wakefulness and desyn-
chronization of the cortical and cognitive alerts10. Redun-
dancy and inter-relationships among these ARAS compo-
nent systems represent an evolutionary adaptation for the 
maintenance, optimization, and specificity of wakefulness 
for the adaptation and survival of the individual and some 
species8-10.

Monoaminergic systems 
The ascending reticular activating monoaminergic system 
consists primarily of the dorsal raphe nucleus (DRN – se-
rotonergic) and locus coeruleus (LC – noradrenergic) of the 
brainstem, medial forebrain, and meso cortical-limbic dop-
aminergic system, which connect the ventral periaqueductal 
gray dopaminergic matter, called vPAG area, to the lateral 
hypothalamus and the tuberomammillary nucleus (histamin-
ergic TMN) of the posterior hypothalamus (Figure 6). These 
systems belong to the ARAS project diffusely to the cortex 
and thalamic reticular nuclei (Figure 5)8,10. The aminergic 
activity during wakefulness stimulates the thalamocortical 
circuits, but it is reduced during NREM sleep and absent 
during REM sleep. Aminergic neurons are called “REM-
off”3,6,8,9. The aminergic system projects to the anterior hy-
pothalamus to inhibit GABAergic cells of the ventrolateral 
pre-optic (VLPO) nuclei of the anterior hypothalamus3,8,9.

Cholinergic pontine-mesencephalic system
There are two cholinergic pontine-mesencephalic nuclei, 
the laterodorsal nucleus (LDN) and the pedunculopontine 
nucleus (PPN), and a cholinergic nuclei located in the basal 
forebrain (Figure 6). This cholinergic system makes excit-
atory connections with the RF, the limbic system (amygda-
la), and the direct cortical projections8,9. These cholinergic 

projections are fundamental to the various manifestations of 
REM sleep. For example, there is an EEG desynchronization 
and a significant reduction of neuromuscular tone during 
REM sleep, with the latter being a typical manifestation of 
REM8.

The neuromuscular tone control during REM sleep in-
volves the area anatomically adjacent to the PPN and LDN, 
which is called the sublocus coeruleus nucleus. These cholin-
ergic neurons project to the anterior bulbar region through 
the reticulospinal tract, which causes the glycinergic and 
GABAergic inhibitory synapses in the brainstem motoneu-
rons and spinal anterior horn to induce post-synaptic inhibi-
tion of motor neurons and, thus, a significant reduction of 
the characteristic neuromuscular tone of REM sleep. Lesions 
in the region of sublocus coeruleus nucleus cause REM sleep 
without atonia8,11.

In contrast to aminergic activity, which is absent dur-
ing REM sleep, cholinergic activity is maximal during REM 
sleep and wakefulness, but it is absent during NREM8,9. The 
cholinergic cells are called “REM-on”8,9.

Posterior hypothalamus and sleep-wake cycle
Type - 1 and type - 2 hypocretinergic system
The diminished hypocretinergic system, containing about 
50,000 neurons, is located in the posterior and lateral re-
gions of the hypothalamus12,13 (Figure 6). Both hypocretin-1 
and -2 are excitatory neurotransmitter peptides that are 
synthesized exclusively by these hypothalamic cells from a 
common substrate, pre-pro-hypocretin12,13. There are two 
sub-populations of hypocretinergic receptors in the CNS, 
receptors 1 and 2, which are both excitatory G protein-cou-
pled transmembrane receptors that are encoded by chromo-
somes 1 and 6 in humans13,14. Hypocretinergic-1 receptors 
activate phospholipase-A and allow the influx of calcium, 
whereas the hypocretinergic-2 receptors inhibit adenylate 
cyclase12-14.

Hypocretin-1 binds, with high affinity, to the hypo-
cretinergic-1 receptor but also to the hypocretinergic-2 
receptors, with an affinity rate from 100 to 1000 times 
smaller. Hypocretin-2 binds to hypocretin-1 and -2 recep-
tors. Therefore, the hypocretinergic-1 receptor has a higher 
selectivity for hypocretin-112-14.

Hypocretins are exclusively excitatory and regulate the 
sleep-wake cycle, energy balance, ANS activity, and neu-
roendocrine activity14. The hypocretins have excitatory pro-
jections to the ARAS and the reticular thalamic nuclei (thal-
amocortical circuits), and direct projections to the cerebral 
cortex and limbic system (amygdala complex) (Figure 6)15,16. 
The densest projections of hypocretinergic neurons project 
to the LC, mammillary nucleus tuber, and DRN15,16. The 
hypocretins are also excitatory and project to the cholinergic 
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nuclei in the pons (pedunculopontine tegmental and latero-
dorsal nucleus) and the basal forebrain cholinergic nucleus 
(Figure 6). However, there are no synaptic projections of 
hypocretins to the anterior hypothalamus GABAergic re-
gion, the VLPO. In contrast, the VLPO and the melanin 
concentrating hormone (MCH) neurotransmitters inhibit 
hypocretinergic cells2,3,9.

The hypocretinergic system receives excitatory afferents 
from the limbic behavioral system, basal forebrain (cholin-
ergic-adenosine nucleus) and suprachiasmatic nucleus (SCN) 
of the anterior hypothalamus9,17. The excitatory efferent from 
the limbic system to the hypocretinergic system plays a key 
role in the stability of wakefulness during the main period 
of activity in important behaviors, such as seeking food or 
survival (fight or flight)18. The hypocretinergic system is the 
end effector responsible for the occurrence and stability of 
the wake state during sleep deprivation. During sleep depri-
vation, the limbic system is responsible for the stimulation 
and increased neurotransmission of hypocretin, which sup-
ports the state of wakefulness during sleep deprivation3,6.

The hypocretinergic system shows maximum activity 
during wakefulness by stimulating all of the excitatory cir-
cuits responsible for wakefulness, which are absent during 
NREM and REM sleep. The hypocretins increase monoam-
inergic tone, which indirectly inhibits the VLPO through 
the aminergic system, preventing the onset of sleep19,20. 
Hypocretinergic activity is minimal or absent during sleep, 
and during sleep loss, there are extensive GABAergic in-
hibitory projections from the VLPO to the hypocretinergic 
system, making the hypocretinergic system activity mini-
mal or absent during sleep (Figure 7)19.

Anterior hypothalamus
The anterior hypothalamus VLPO galaninergic and GABAer-
gic inhibitory neurons are only activated during NREM and 
REM sleep9,19. The VLPO is related to SWS and REM sleep, 
and the VLPO cells directly project to the DRN, LC, pen-
duculopontine tegmental and dorsolateral pontine cholin-
ergic nuclei, and to the hypocretinergic system, it inhibits 
these wakefulness-promoting excitatory nuclei (Figure 7)19.

Inhibitory activity derived from the VLPO to the amin-
ergic and the hypocretinergic systems allows the appearance 
of NREM and REM sleep due to the inhibition of the hypo-
cretinergic and aminergic cells8,9. The VLPO receives inhib-
itory synapses from the DRN and the LC, but it does not 
receive inhibitory synapses from the hypocretinergic system. 
In addition, the VLPO receives inhibitory synapses from the 
limbic system nuclei (infralimbic cortex and amygdala cen-
tral nucleus), which explains the persistence of wakefulness 
during stressful situations, and the suprachiasmatic nuclei 
explains the VLPO circadian rhythm8,9.

Therefore, the VLPO and hypocretinergic-aminergic 
system show a reciprocal functional relationship of mutual 
inhibition between both systems20. When the VLPO is acti-
vated during sleep, it inhibits the hypocretinergic-aminergic 
system cells. Similarly, when hypocretin-aminergic neurons 
are activated during wakefulness, they inhibit the VLPO. 
This model assumes that reciprocity of sleep or wakefulness 
would remain stable, while a component of the balance re-
mained sufficiently activated9,20.

The suspension of the basal forebrain excitatory stimuli 
(adenosine accumulation) combined with the inhibition 
that was originated from the VLPO in the aminergic and 
hypocretinergic system are responsible for the initiation and 
maintenance of NREM sleep19,21.

MCH
The MCH was originally described in the salmon pituitary, 
and it is found in all studied mammals and vertebrates22. 
The MCH molecule is similar to somatomedin. Neurons re-
sponsible for MCH neurotransmission (about 6,000 MCH 
cells in mice against 3,000 hypocretin cells) are morpho-
logically similar to hypocretinergic cells, with a fusiform or 
multipolar shape, containing two to five dendrites22. The 
MCH neurons and hypocretinergic cells are co-localized in 
the lateral hypothalamus region. The MCH neuronal projec-
tions in the brains of primates are also similar to the projec-
tions of hypocretinergic cells.

MCH neurotransmission exerts inhibitory effects on hypo-
cretinergic neurons, and the MCH and hypocretinergic sys-
tems have different functions and biochemical substrates and 
a reciprocal neurofunctional relationship. The MCH system is 

Figure 7. VLPO inhibitory projections. VLPO axons (GABAergic and 
galaninergic) project to the wake-promoting monoaminergic neurons.
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VLPO: ventrolateral preoptic nucleus; LDT: laterodorsal tegmental 
cholinergic nuclei; PPT: pedunculopontine tegmental nucleus; TMN: 
tuberomammillary nucleus of the posterior hypothalamus; DRN: dorsal 
raphe nucleus; LC: locus coeruleus3.
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inactive during the daytime and it occasionally can be rapidly 
activated during NRE, reaching a maximum during REM 
sleep, especially during periods of signifi cant reductions in 
neuromuscular tone. The rebound of REM sleep induces c-Fos 
expression in the MCH cells, and an intraventricular injection 
of MCH increases the amount of REM and, to a lesser extent, 
NREM sleep in rats. The MCH system reduces motor activ-
ity, temperature and metabolism and activates the parasympa-
thetic system22. The MCH peptide has hypnotic and anorectic 
effects in rats, and the MCH-KO rats are usually hyperactive, 
with low weight and hypermetabolism22.

Circadian pacemaker 
The SCN is an anatomical structure located in the anterior hy-
pothalamus. It is the main central timer structure (biological 
clock) capable of generating its own endogenous rhythm23.

The main stimulus synchronizer of the SCN is sunlight, 
which acts as an excitatory stimulus for the SCN activity. 
Studies in animals have shown that the initial stage of photo-
synchronization of the SCN is in the retinal ganglion cells, 
which are responsible for photo-reception, and the excitatory 
transduction of light stimulation from the retinohypotha-
lamic tract to the SCN23,24. The SCN cells transmit rhythmic 
information photo-synchronized with adjacent hypothalamic 
nuclei responsible for the periodicity of the ANS activity, the 
secretion of hormones, the melatonin secretion, the changes of 
body temperature, appetite, sleep propensity and the duration 
of the sleep-wake cycle23. The SCN signal can also be syn-
chronized by other neural pathways representing nonphotic 
stimuli, such as time of meals and physical activity24,25.

The main SCN efferents that are relevant for the sleep-
wake cycle are located in the VLPO and in the hypocretiner-
gic system9. The SCN afferents that project to the VLPO 
are inhibitory. Thus, the SCN inhibits the VLPO during 
the photo-period and relieves inhibition at the end of the 
main photo-period19,23. When the sunlight is gone, the SCN 
signal decreases, allowing the onset of NREM sleep8,9. The 
functional relationship between the SCN and the hypo-
cretinergic system is excitatory. The reduced SCN activity 
at the end of the main photo-period (solar day) is refl ected 
in the reduction of hypocretin-aminergic activity, which is 
critical to the waking state; the reduction of hypocretin-
aminergic activity allows the onset of sleep3,8,9.

The photo-synchronized signal of the SCN cells is sent 
to the pineal gland, which is responsible for the secretion 
of melatonin24,25. Photo-stimulation inhibits the secretion 
of melatonin, which occurs during the night sleep or dark 
period, and melatonin exerts a self-inhibitory effect in the 
activity of the SCN at the end of the main photo-period, be-
ing one more mechanism in the cascade of events to reduce 
hypocretin-aminergic activity to sleep onset9,23.

Homeostatic control of sleep
Adenosine is a product of neuronal cellular energetic metab-
olism, which accumulates in the extracellular space in the 
synaptic cleft during wakefulness21. Adenosine shows a local 
inhibitory effect in the basal forebrain cholinergic nuclei21, 
and it accumulates where there is local neuronal metabolic 
and electrical activity, such as during the main wakeful-
ness period or during sleep fragmentation or deprivation. 
Microdialysis studies in monkeys confi rmed that the basal 
forebrain regions in the CNS region are where the largest lo-
cal extracellular accumulation of adenosine during wakeful-
ness occurs. Therefore, the basal forebrain is considered the 
site of the homeostatic control of the sleep-wake cycle, and 
adenosine is the neuromodulator that plays a key role in the 
homeostatic control of sleep21.

The local inhibitory action of adenosine occurs in the 
basal forebrain cholinergic cells. The basal forebrain sends 
excitatory projections to the hypocretinergic system, and 
inhibitory ones to the VLPO9,20,21. The activity decrease of 
these cholinergic cells disinhibits the VLPO GABAergic 
cells and no longer stimulates the hypocretinergic system, 
initiating NREM sleep at the end of the wakefulness period, 
when the level of adenosine rises8,9,21. The reduction of basal 
forebrain cholinergic activity by adenosine accumulation 
disinhibits the VLPO, which, combined with the reduction 
of the excitatory activity of the SCN, triggers NREM sleep. 
This is the double trigger for the sleep onset8,9. The antago-
nistic effects of adenosine-1 receptors by caffeine are respon-
sible for stimulating the inhibiting effects on sleep23.

Sleep-wake switch 
The inhibitory bi-directional functional relationship be-
tween the hypocretinergic-aminergic systems and the 
VLPO constitutes a mechanism of stability control be-
tween wakefulness and sleep behavioral states (Figure 
8)2,3,9. This type of anatomical-functional relationship is 
called sleep switch8,20,26.
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Figure 8. Sleep-wake switch.
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The visceral, special, and somatic sensory afferents ac-
tivate the ARAS and, therefore, they activate the hypo-
cretinergic and aminergic systems during wakefulness (Fig-
ures 5 and 9)10. The hypocretinergic system activity during 
wakefulness is responsible for the aminergic tonus stability 
and activity14. Glutamatergic interneurons, which are lo-
cated between hypocretinergic system neurons, reinforce the 
hypocretin neuronal activity in a progressive manner, which 
secondarily reinforces the aminergic system and promotes a 
long, stable, and consolidated wakefulness period without 
the oscillations or transitions moving the equilibrium of the 
balance towards the waking state (Figure 10)10,26. Consoli-
dated periods of wakefulness are adaptively important for 
seeking food and preserving the species and individuals7. 
Changes of state from wakefulness to sleep require a strong 
adjustment of activity in the hypocretinergic-aminergic sys-
tem or VLPO inhibitory system9,20.

The aminergic-hypocretinergic activity is minimal during 
NREM sleep, hence, there are extensive GABAergic inhibito-
ry projections from the VLPO to the aminergic-hypocretiner-
gic system, making the aminergic-hypocretinergic activity 
minimal or absent during sleep (Figure 7)19. The absence of 
sunlight at the end of the photo-period disables the SCN and 
adenosine accumulation, which occurs during the main period 
of wakefulness and inhibits the cholinergic cells in the basal 
forebrain17,21. These two factors, combined with a reduction of 
the sensory afferent related to resting posture, the reduction of 
ARAS activity and cognitive relaxation (limbic system), meet 
the conditions necessary to suspend the inhibitory infl uence of 
the SCN, basal forebrain and limbic system over the VLPO, 
thus releasing its inhibitory activity. The VLPO inhibits the 
aminergic-hypocretinergic system by shifting the equilibrium 
of the balance of sleep towards NREM sleep (Figure 11)19,26. 
With the progression of NREM sleep, the electric silence of 
the aminergic-hypocretinergic system, REM-off, disinhibits 
the cholinergic system nuclei, and REM-on generates a sec-
ond switch that controls REM sleep2,9,26.

RECIPROCAL INTERACTION MODEL OF REM 
AND NREM SLEEP
Once the onset of sleep has been reached, another neuronal 
interaction mechanism is activated, which explains the al-
ternation of NREM and REM sleep8,20. This is achieved by 
the interaction between the cholinergic and hypocretinergic-
monoaminergic nuclei8,9. This working model establishes that 
NREM sleep is predominantly GABAergic-aminergic, and 
that REM sleep is predominantly GABAergic-glutamatergic-
cholinergic8,20. This model proposes two types of cell groups: 
REM-sleep-activated cholinergic and glutamatergic cells 
(“REM-on”)3,6,8,9 and aminergic-hypocretin cells, which are 
inactivated during REM sleep (“REM-off”) (Figure 12)8,9,20.
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Figure 11. Predominance of GABAergic activity during NREM sleep.
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MCH: melanin-concentrating hormone.

58



Sleep Sci. 2011;4(2):52–60

Hasan R, Alóe F

over the hypocretinergic-aminergic system (REM-off cells), 
which inhibits the REM-on cells system, the glutamatergic 
and the cholinergic mesopontine (LDN and PPN) is gradu-
ally reduced during NREM sleep to monitor the equilib-
rium of the balance towards REM sleep8,20 (Figure 13). The 
inhibition of the hypocretinergic-aminergic system (REM-
off cells) releases the mesopontine cholinergic system from 
the inhibitory infl uences that initiate its activity to generate 
the various correlates of REM sleep (EEG desynchroniza-
tion, signifi cant reduction of characteristic neuromuscular 
tone and REM)3,11. Therefore, REM sleep occurs only when 
the VLPO inhibits the aminergic-hypocretinergic system, 
which suspends its inhibitory activity on cholinergic and 
glutamatergic activity (Figure 12)7,26.

CONCLUSIONS
Specifi c neuronal populations that act as switches of the recip-
rocal interaction are compatible with the occurrence of rapid 
transitions between wakefulness, NREM and REM sleep, be-
havioral states of wakefulness, and consolidated sleep.
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ABSTRACT
Out of the many sleep disorders, obstructive sleep apnea-hypopnea 
syndrome is one of the most harmful. This syndrome is an important 
risk factor for the development of cardiovascular disease and patient 
mortality. Exercise is a way to reduce cardiovascular mortality, which 
also results in improved sleep quality and may act on the pathogenesis 
of obstructive sleep apnea-hypopnea syndrome. However, evidence 
about the actual role of exercise in this syndrome is still scarce. We 
reviewed the existing literature about the possible benefi ts of exer-
cise in patients with obstructive sleep apnea-hypopnea syndrome. We 
performed a search in the PubMed database using MESH Terms re-
lated to physical exercise and sleep apnea. Out of the 149 references 
identifi ed, we selected randomized controlled trials or case studies 
in English or Portuguese that included patients with OSAHS. After 
searching titles, abstracts and full texts, we located only three studies 
that investigated the effects of exercise on the diagnostic and severity 
indices of obstructive sleep apnea-hypopnea syndrome. In these three 
papers, groups that exercised showed a reduction in the severity of the 
syndrome. Despite the insuffi cient level of evidence in the literature, 
the agreeing positive results of the studies suggest a potential benefi t 
of exercise on obstructive sleep apnea-hypopnea syndrome.

keywords: exercise; sleep apnea syndromes; cardiovascular diseases; 
sleep apnea, obstructive.

RESUMO
Dentre os distúrbios do sono, a síndrome da apneia-hipopneia obs-
trutiva do sono é um dos mais deletérios à saúde. Essa síndrome é um 
importante fator de risco para o aparecimento de doenças cardiovascu-
lares, aumentando a taxa de mortalidade dos pacientes. Sabe-se que o 
exercício físico é uma das formas de reduzir a mortalidade cardiovas-
cular, o que também resulta em melhora do sono e pode atuar sobre 
fatores fi siopatológicos da síndrome da apneia-hipopneia obstrutiva 
do sono. Contudo, evidências sobre o real papel do exercício físico na 
síndrome ainda são escassas. O objetivo dessa revisão foi investigar os 
possíveis benefícios do exercício físico na síndrome da apneia-hipop-

neia obstrutiva do sono. Foi realizada uma busca na base de dados do 
PubMed, utilizando termos MESH e outros relacionados ao exercício 
físico e à apneia do sono. Das 149 referências encontradas, foram sele-
cionados os ensaios clínicos randomizados ou os estudos de casos, em 
inglês ou português, com amostra de indivíduos adultos portadores de 
síndrome da apneia-hipopneia obstrutiva do sono. Após seleção dos 
títulos, resumos e textos completos, foram localizados somente três 
estudos que investigaram os efeitos do exercício físico sobre os mar-
cadores de presença e gravidade dessa síndrome. Nos três artigos, os 
grupos submetidos ao exercício evidenciaram redução na gravidade 
da síndrome. Apesar do nível de evidência insufi ciente dos artigos, a 
concordância de resultados positivos dos estudos sugere potencial de 
benefício do exercício sobre a SAHOS.

Palavras-chave: exercício; síndromes da apneia do sono; doenças 
cardiovasculares; apneia do sono tipo obstrutiva.

INTRODUCTION
Exercise is a culturally and scientifi cally accepted non-drug 
intervention that is benefi cial to health. There is evidence 
that it facilitates general wellness1 and sleep, in particular2. 
During sleep, breathing disorders can occur – in particu-
lar, obstructive sleep apnea-hypopnea syndrome (OSAHS), 
which is assuming epidemic proportions. Over two decades, 
reports of the prevalence of OSAHS increased from 4% in 
men and 2% in women3 to 32% of the total population4. 
The prevalence of OSAHS is 95% in the elderly, and more 
than 50 million Brazilians suffer from this syndrome4.

Additionally, OSAHS is an important risk factor for 
cardiovascular diseases5, including systemic hypertension6,7 
resistant hypertension8,9, stroke10, obesity11 and metabolic 
syndrome12. American cardiology associations published a 
comprehensive document highlighting the need to inves-
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tigate sleep apnea in cardiopathies13,14. Patient mortality 
is increased with OSAHS and its comorbidities15,16, while 
treatment for OSAHS reverses the consequences17 and re-
duces mortality18,19.

Exercise reduces cardiovascular mortality20-22 and may 
modify the deleterious effects of OSAHS on the circulatory 
system23-26. However, evidence about the role of exercise in 
OSAHS is still scarce. Thus, this review reports the direct 
and indirect benefits of exercise in OSAHS.

METHODOLOGY OF THE REVIEW ON EXERCISE 
AS TREATMENT OF OSAHS
Studies of exercise and OSAHS included in this review 
were randomized clinical trials or case studies written in 
English or Portuguese and examined adult human patients 
with OSAHS.

The search strategy is described in Appendix A and was 
conducted on December 16, 2010. For the search, we used 
the Medical Subject Headings (MeSH) terms “sleep apnea 
syndromes”, “sleep apnea, central”, “sleep apnea, obstructive” 
and “exercise” with their respective entry terms and Boolean 
operators in PubMed. Using these terms resulted in 149 re-
sults. One of the investigators (RPS) reviewed the results of 
this search, first by title, then by the abstract and full text. 
Finally, we selected 45 potentially relevant articles for review 
and discussed these with the other authors. After reading the 
full texts, three articles were chosen, as described in Table 1.

Data collection process
Data extraction was conducted by the first author and re-
viewed by the second author. Any discrepancies were correct-

ed by consensus of the authors. The following information 
was extracted from articles: (1) authors; (2) years of publica-
tion; (3) type of study; (4) sample size; (5) age of the sample; 
(6) weight; (7) body mass index (BMI); (8) intervention; (9) 
apnea-hypopnea index (AHI) pre- and post-treatment and 
(10) statistical significance of change with treatment. These 
data are shown in Table 1.

The references obtained for the other topics described be-
low in this paper, were based non-systematic reviews.

Obstructive sleep apnea-hypopnea 
syndrome 
There are two types of sleep apnea: central, which is caused 
by the central nervous system, and obstructive, which in-
volves physical changes in the pharynx27. In central apnea, 
which is caused by failure of the ventilatory drive, there is 
no movement of the thorax and abdomen. Regardless of the 
cause, episodes of airflow reduction to 10% or less of basal 
value for 10 seconds or more are called apneas. Reductions of 
50% or more of ventilatory flow, associated with a decrease 
of at least 3% in oxygen saturation or an arousal, are called 
hypopneas. This situation normalizes rapidly after an arousal 
interrupts the apnea, resulting in the recovery of ventilation 
and normalization of arterial blood oxygen28.

The severity of OSAHS is determined by the apnea-hy-
popnea index (AHI). The total number of apneas and hypo-
pneas of the individual is divided by the number of hours of 
sleep. Normal values are below 5/hour; OSAHS is diagnosed 
as mild if AHI is between 5 and 14, moderate if AHI is 
between 15 and 29 and severe if AHI ≥30. Patients with 
OSAHS (AHI >5) present additional symptoms, including 

First 
Author

Year of 
publication

Design
Sample 

analyzed (n)
Age 

(years)
Weight (kg)

BMI 
(kg/m2)

Intervention
AHI 
Pre

AHI 
Post

P

Norman 2000 Case study 9 48±9 111±11 35±4

6 months, 3 times/
week; Aerobic exercise, 
30-45 minutes, 50-80% 
VO2max; and resistance 
exercise

22±9 12±7 < 0.01

Giebelhaus 2000 Case study 11 52±6 80* 27±3

6-months, 2 times/
week; Aerobic exercise, 
120 minutes; and power 
exercise (repetitive light 
weight-lifting)

33±22 24* < 0.05

Sengul 2009
Randomized 

controled trial
10 54±7 86±8 30±3

3-months, 3 times/
week; Aerobic exercise, 
45-60 minutes, 60-70% 
VO2max; and breathing 
exercise, 15-30min

15±5 11±5 0.02

      10       Control group 18±6 17±11 0.58

Table 1. Studies describing exercise effects on apnea-hypopnea index (AHI).

Data presented as mean±standard deviation. AHI: apnea-hypopnea index; BMI: body mass index; VO2max: peak oxygen uptake.
* This study did not report standard deviation for this variable.
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excessive daytime sleepiness and snoring. Although not all 
snorers have OSAHS, untreated snoring can have cardiovas-
cular consequences29.

In obstructive sleep apnea, there are several mechanisms 
of airway occlusion. These include fat accumulation in the 
neck, anatomic abnormalities, disorders of the upper airway 
muscles and unbalances in respiratory control, all of which 
contribute to airway obstruction during sleep30.

OSAHS AND CARDIOVASCULAR INJURY
The main cardiovascular consequences arising from OSAHS 
are generated by cyclic intermittent hypoxia and arousals31. 
Intermittent hypoxia and arousals result in chronic hyperac-
tivity of the sympathetic nervous system, increased heart rate, 
blood pressure, sensitivity of central and peripheral chemore-
ceptors and decreased baroreceptor activation31,32. They can 
also result in oxidative stress, inflammation, endocrine dis-
orders and endothelial dysfunction23,33,34. These changes are 
mechanisms that underlie the onset of cardiovascular and 
metabolic diseases35. Concomitantly, patients present a reduc-
tion in exercise capacity associated with reduced peak oxygen 
consumption (peak VO

2
), chronotropic incompetence and al-

tered blood pressure response and heart rate24.
The potential mechanism for the reduction of peak VO

2
 

in patients with OSAHS is related to the patient’s base pa-
thology. During exercise, peak VO

2
 increases in response to 

metabolic demand by muscle activation. For this, the car-
diovascular system is responsible for optimizing the deliv-
ery of blood and oxygen to working muscles and increasing 
cardiac output (CO). Any factor that limits CO (filling pres-
sure, ventricular compliance, heart rate, contractility, blood 
pressure and/or afterload) can interfere with the exercise ca-
pacity of the individual25. 

OSAHS affects left ventricular function26. The increased 
ventricular afterload results from the increase in negative in-
trathoracic pressure during airway obstruction. As a result 
of the larger intrathoracic pressure swings, there are fluc-
tuations in the ejection fraction, heart rate, and CO. The 
rapid increase in CO and the increase in coronary vascular 
tone during the apnea cycle can cause episodes of myocardial 
ischemia. Other factors that can affect left ventricular func-
tion include a reduction in vagal activity, increased platelet 
aggregation, and insulin resistance36. 

The intermittent hypoxia associated with OSAHS reduces 
the production of nitric oxide (NO)37 and impairs endothelial 
function25,38. Nitric oxide-dependent mechanisms may reduce 
the exercise capacity of patients with the disease39.

OSAHS AND OBESITY
The main risk factor for development of OSAHS is obesity40, 
and about 70% of patients with breathing-related sleep dis-

orders are obese41. This risk factor also contributes to the 
onset of cardiovascular and metabolic disease in this popula-
tion35. The risk of developing moderate to severe sleep disor-
ders is increased by six times with a 10% increment in body 
mass. Each 1% increase in body mass is associated with a 3% 
increase in AHI42.

Patients with higher BMI show a higher prevalence of 
most types of severe OSAHS40. The increase in body fat and 
intra-abdominal pressure reduces functional residual capac-
ity. Combined with the increased consumption of oxygen in 
tissues, it results in faster depletion of oxygen stocks during 
apnea43. Due to more intense oxygen desaturation in obese 
individuals as compared with non-obese individuals, strate-
gies for weight loss, including exercise, have been suggested 
as an alternative to reduce the severity of OSAHS35. 

Weight loss via increased physical activity and changes 
in diet and lifestyle has been studied as a treatment for 
sleep disorders44. Therefore, increasing physical activity 
could reduce the body mass of these patients, improve their 
sleep disturbance and be considered an important goal for 
treatment45. 

BENEFITS OF EXERCISE ON SLEEP
Although sleep and exercise act in diametrically opposed 
ways from the physiological point of view, the benefits of 
these two states are related. Advances in knowledge have 
revealed new associations between the mechanisms that act 
on exercise and sleep2,46. Therefore, promoting or improv-
ing sleep through exercise is believed to be healthy, safe and 
simple and might even be an alternative in the treatment 
of insomnia2. Both aerobic and resistance exercises improve 
sleep quality47. Gary and Lee48 reported that a 12-week 
walking program increased the total sleep time for patients 
by 20%, improving their quality of life.

The elderly population seems to benefit the most from 
physical activity. Besides improved quality of sleep, older 
adults also show improvements in their chronic pain and 
functional capacity. Compared to the elderly, young adults 
and children need longer and more intense exercise to obtain 
similar benefits47. 

The facilitation of sleep induction after exercise supports 
the role of sleep in the conservation of energy, in muscle 
recovery and body temperature regulation2. Exercise causes 
energy depletion, muscle micro-damage, body temperature 
elevation and changes in melatonin levels46, all of which are 
restored during sleep2.

The reduction of body temperature is part of the process 
of inducing sleep. Melatonin, produced by the pineal gland 
in darkness, shortens sleep latency and reduces body tem-
perature. The hypothesis that exercise downregulates tem-
perature explains the increase in deep sleep after exercise. 
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Physical activities may upregulate the body’s ability to lose 
heat, facilitating the sleep-related temperature drop46. 

The optimum benefit of exercise is obtained when it is 
practiced 4-8 hours before bedtime. However, exercise at 
any time of day enhances sleep. In addition to aerobic and 
resistance exercises, Tai Chi Chuan also improves the sleep 
of practitioners47. 

POTENTIAL CARDIOVASCULAR BENEFITS OF 
PHYSICAL ACTIVITY IN OSAHS
Cardiovascular function is also affected by OSAHS. During 
cardiopulmonary exercise testing (CPET), 35% of OSAHS 
patients have a hypertensive response and 45% show abnor-
mal VO

2
 peaks (84% below expected values)49. 

During CPET, chronotropic incompetence and a delay in 
HR recovery may predict cardiovascular events and mortal-
ity in OSAHS patients24,50. Resistance training affects HR in 
the long run, through adjustments in the autonomic nervous 
system. These adjustments are represented by a reduction in 
sympathetic activation and increased parasympathetic activ-
ity, resulting in a decrease in resting HR50. 

Nitric oxide is the most potent vasodilator produced in 
the body. During exercise, the shear stress (the tangential 
force that blood flow exerts on the vessel wall) stimulates 
the endothelium, increasing NO production and the vaso-
dilatory response. This causes increased blood flow, trig-
gering acute, subacute and chronic adaptive responses to 
exercise throughout the entire cardiovascular and muscular 
systems51,52. Exercise may have a hypotensive effect of vari-
able magnitude according to the type, intensity and duration 
of exercise52,53. Activities with an intensity between 40 and 
70% of peak VO

2
, longer than 30 minutes in duration and 

repeated 5 to 7 times per week  lowers blood pressure54,55. 
Meta-analysis of more than a dozen studies on the effect 

of resistance exercises, such as weight training, revealed that 
increases in peak VO

2
 and the metabolic equivalent of task 

(MET) caused a 2% (-3±3 mmHg) and 4% (-3±2 mmHg) 
reduction in systolic and diastolic pressure at rest, respec-
tively, in hypertensive subjects56. For each MET increase in 
peak VO

2
 of the individual, there is a reduction between 8 

and 17% in cardiovascular mortality20,22. 

EXERCISE AS TREATMENT OF OSAHS
The three studies that investigated the effect of exercise on 
AHI are summarized in Table 1. Norman et al.57 studied 8 
men and 1 woman with a mean age of 49 years who under-
went exercise 3 times a week for 6 months. Their exercise 
sessions consisted of 30-45 minutes of walking on a tread-
mill and riding a stationary bicycle with an intensity equiv-
alent to 50-80% of the subject’s peak VO

2
. Bodybuilding 

exercises were used to complement each training session.

The authors observed a 46% reduction in AHI, with a 5% 
reduction in BMI from 31 to 30 kg/m2 and of cervical cir-
cumference from 43 to 41 cm. Five patients treated with a 
continuous positive airway pressure (CPAP) device showed a 
reduction in AHI from 21 to 11/h, much like the group with-
out the equipment, whose AHI was reduced from 22 to 12/h. 
In both cases, there was a change in the OSAHS classification, 
from moderate to light, irrespective of the use of CPAP57.

Due to the 5% reduction in BMI, it is difficult to attri-
bute the reduction in AHI exclusively to the direct effect of 
exercise. However, one can infer that the reduction in AHI 
was greater than expected by simple weight loss, using as 
a basis the data of Young et al., which showed a 3% reduc-
tion in AHI for each 1% reduction in weight58. In that case, 
the expected drop in AHI for that magnitude of weight loss 
would be approximately 15%, which is quite different from 
the 46% reported.

Giebelhaus et al.59 showed that exercising just 2 days a 
week also improves AHI. The physical training program, last-
ing 6 months, consisted of 120 minutes of aerobic exercise 
and 120 minutes of weight training on separate days. Ten men 
and one woman with a mean age of 52 years were evaluated. 
All study subjects were treated with a CPAP machine for a 
period of 3-12 months (6±1.4 months). The authors observed 
a 27% reduction in AHI from 33 to 24/h, i.e., from severe to 
moderate OSAHS. In that sample, the change in body weight 
of the patients from 79.7 to 80.4 kg was not significant, leav-
ing no doubt about the isolated effect of exercise.

Sengul et al.60 performed a randomized controlled study 
that evaluated aerobic performance and AHI after 3 months 
of physical exercise in patients with mild OSAHS who were 
not using CPAP. Twenty subjects were studied, 10 participat-
ing in the intervention group and 10 in the control group. 
Only the mean age was significantly different among groups: 
54 years in the intervention group and 48 years in the con-
trol group. Both groups predominantly included individuals 
not practicing regular physical activity. The training applied 
to the intervention group consisted of aerobic exercises, per-
formed three times per week on a treadmill and ergometric 
bike for 45-60 minutes with an intensity of 60-70% of peak 
VO

2
. Breathing exercises were also performed for 15 to 30 

minutes. The controls remained without intervention. 
In the same study60, after 3 months, the authors observed 

that the controls maintained constant anthropometric and 
AHI variables. The intervention group showed a decrease in 
AHI from 15 to 11 events per hour of sleep, or a reduction 
of 27%, with no reduction in anthropometric variables such 
as BMI and neck circumference. In this study, the effects of 
exercise and weight loss on AHI were also confounded. There 
was a 2% drop in BMI from 29.8 to 29.2 kg/m2, which would 
explain a 6% reduction in AHI but not the 27% observed.
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FINAL Considerations
Despite being a less controllable form of therapy, changes 
in lifestyle are part of the medical prescription. Exercise has 
been shown in the three reviewed trials to be an effective 
intervention for reduction of OSAHS severity. Furthermore, 
exercise can play an important role in treating the main 
OSAHS factors, through reduction of both the cardiovas-
cular risk factors and the body mass of patients. Preventing 
weight gain through exercise can prevent the emergence or 
worsening of OSAHS. Physical training reduces cardiovas-
cular events and OSAHS severity, regardless of the use of 
other therapies such as CPAP or decreasing BMI. The lim-
ited number of studies requires additional investigation of 
the effectiveness of the role of exercise in OSAHS before this 
treatment modality can be universally recommended. Nev-
ertheless, the agreement among the reviewed articles sug-
gests a potential benefit of exercise on OSAHS.
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APPENDIX A
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ABSTRACT 
Obstructive sleep apnea syndrome and primary snoring are associ-
ated with the presence of neurogenic lesions and impaired sensory 
function in the upper airway, which are presumably caused by low-
frequency vibrations produced by snoring or intermittent hypoxia. 
The clinical impact of this peripheral neuropathy on the pharynx has 
not been thoroughly investigated with respect to the management 
of patients with obstructive sleep apnea syndrome. Several authors 
have shown changes in swallowing associated with this syndrome, 
such as early bolus escape, the presence of pharyngeal residue, la-
ryngeal penetration, and increased latency before triggering of the 
swallowing refl ex. In this article, we review the main features of 
swallowing that may be altered in obstructive sleep apnea syndrome 
and the mechanisms involved in its pathophysiology as well as the 
results of studies that have evaluated swallowing in patients after 
treatment for this syndrome.

keywords: deglutition; deglutition disorders; sleep apnea, obstruc-
tive; snoring.

RESUMO 
A síndrome da apneia obstrutiva do sono e também o ronco pri-
mário estão associados à presença de lesões neurogênicas e compro-
metimento da função sensorial na via aérea superior, supostamen-
te causados pelas vibrações de baixa frequência produzidas pelo 
ronco ou pela hipóxia intermitente. O impacto clínico dessa neu-
ropatia periférica na faringe tem sido, habitualmente, pouco explo-
rado no manejo dos pacientes com síndrome da apneia obstrutiva 
do sono. Vários autores têm demonstrado alterações na deglutição 
associadas a essa síndrome, tais como escape precoce do bolo ali-
mentar, resíduo faríngeo, penetração laríngea e aumento da latên-
cia para disparo do refl exo da deglutição. Neste artigo, revemos as 
principais características da deglutição que podem estar alteradas 
na síndrome da apneia obstrutiva do sono e os mecanismos envol-
vidos em sua fi siopatologia, bem como os resultados de estudos da 
deglutição após o tratamento dessa síndrome.

Palavras-chave: deglutição; transtornos de deglutição; apneia do 
sono tipo obstrutiva; ronco.

INTRODUCTION 
Obstructive sleep apnea syndrome (OSAS) is characterized 
by repeated episodes of partial or complete obstruction of 
the airway during sleep, resulting from narrowing of the 
pharynx and a decrease in the tone of the pharyngeal dilator 
muscles1. OSAS may be preceded by an early stage of prima-
ry snoring2. Neurogenic lesions in the oropharynx and the 
soft palate are associated with OSAS and primary snoring, 
but their cause is unknown. Some authors believe that the 
lesions are triggered by low-frequency vibrations produced 
by snoring or intermittent hypoxia3-5.

Because the pharynx is the site of the lesions, many au-
thors have suggested that there may be a swallowing dys-
function associated with OSAS. The onset of the swallowing 
refl ex and the propagation of the food bolus are dependent 
on adequate pharyngeal sensitivity and function. Moreover, 
continuous OSAS may affect efferent neuromuscular activity 
and the upper airway function control centers6-11.

The aim of this paper is to review the evidence in the lit-
erature regarding swallowing dysfunction in primary snor-
ing and in OSAS.

NEUROGENIC LESIONS IN OSAS
Neurogenic lesions are found in the oropharynx of individu-
als who snore, and these lesions are thought to be caused 
by low-frequency vibrations produced by stertor. This asser-
tion is supported by several histological studies, such as that 
of Friberg et al., in which mucosal biopsies of the soft pal-
ate showed an increased number of abnormal nerve endings 
in people who snore3. The same author performed biopsies 
of the palatopharyngeal muscle and found morphological 
changes typical of neurogenic involvement, such as group-
ing of tissues by fi ber type, clusters of atrophied areas, and 
fascicular atrophy, both in primary snorers and in patients 
with OSAS4. Moreover, changes in the neural regulation of 
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microcirculation were detected in the soft palate mucosa of 
snorers and some patients with mild OSAS12. Other authors 
have also reported findings consistent with peripheral nerve 
injury in muscle biopsies from apnea patients13,14.

Intense snoring causes stretching and low-frequency vi-
bration of pharyngeal tissues15. Takeuchi et al. demonstrated 
that long-term exposure to low-frequency vibration due to 
the occupational use of vibrating tools (chain saw, pneumatic 
drill) causes peripheral nerve injury and lesions in the micro-
circulation of the fingers in humans16. It has also been dem-
onstrated in dogs that oscillatory pressure waves (30 Hz and 
+/- 3 cmH

2
O) applied to the upper airway at the same fre-

quency as snoring, affected pharyngeal receptors, increased 
local dilator muscle activity, and disrupted sleep17.

Kimoff et al. have demonstrated a selective impairment 
of sensory function of the upper airway mucosa in OSAS 
patients. They found both decreased vibration sensitivity 
and reduced tactile discrimination between two points in 
the oropharynx of patients with primary snoring and OSAS 
compared to a non-snoring group without OSAS. Further-
more, these effects did not occur in control areas, such as the 
lips and hands5. Nguyen et al. also noted a decrease in the 
sensitivity of the larynx and velopharynx, which positively 
correlated with the severity of the OSAS18.

These data suggest changes in afferent and/or efferent 
neural pathways involved in the upper airway reflexogenic 
mechanism in OSAS patients4. There is speculation about 
the role of this neuropathy in the progression of pharyngeal 
collapsibility, which is observed in OSAS4; it is known that 
the permeability of the upper airway depends on the balance 
between the negative inspiratory pressure and the action of 
pharyngeal dilator muscles, which, in turn, requires a fully 
functioning neural afferent pathway to be stimulated1.

A possible causal relationship between snoring and the 
neurogenic lesions can be argued for. Although peripheral 
neuropathy can theoretically precede the onset of snoring, 
this is not universally found among snoring individuals and 
seems to arise during the course of the disease4.

Swallowing dysfunction in OSAS
Swallowing is a process divided into four distinct phases. 
In the oral preparatory phase, voluntary chewing and bolus 
formation take place. The oral phase itself consists on the 
elevation and posterior impulsion of food to the back of the 
oral cavity, featuring the final voluntary activity of swallow-
ing. The pharyngeal phase is represented by the pharyngeal 
reflex, in which the most complex part of swallowing takes 
place in a rapid and coordinated fashion. The soft palate rises 
to seal off the nasopharynx, the larynx closes to protect the 
lower airway, and the caudal propulsion of the food bolus 
and relaxation of the cricopharyngeal muscle take place. In 

the esophageal phase, after the food passes through the up-
per esophageal sphincter, it is pushed through the esopha-
geal muscles by primary and secondary peristalsis. The proc-
ess is finalized with the relaxation of the lower esophageal 
sphincter and the arrival of food in the stomach19.

Normal evocation of the swallowing reflex and the prop-
agation of the food bolus through the pharynx are dependent 
on adequate pharyngeal sensitivity and function. The pres-
ence of sensory lesions in the pharyngeal mucosa of snorers 
may compromise the mechanism of swallowing10,11.

Teramoto et al. performed a swallowing provocation test 
and showed a delayed triggering of the swallowing reflex 
(the food in the pharynx took longer to evoke the pharyn-
geal reflex) and the need for a greater volume of food bolus 
to initiate it in OSAS patients compared to a control group. 
This finding implies an increased risk of tracheal aspiration 
among OSAS patients6.

On the other hand, Jobin et al. reported a significant 
reduction in the latency of the swallowing reflex in OSAS 
patients who were younger and obese, patients of a caucasian 
ethnicity (while Teramoto et al. studied Japanese patients), 
and patients with more severe OSAS. This study suggests an 
impairment of the reflex inhibitory modulation and central 
control of swallowing7.

In studies using barium videofluoroscopy, Jaghagen et 
al. detected subclinical abnormalities in swallowing in more 
than half of patients with untreated primary snoring and 
OSAS compared to only 7% in the controls. The patients 
were significantly older than the controls, but the risk of 
swallowing dysfunction was not positively correlated with 
the severity of OSAS. The most frequent alteration was pre-
mature spillage of the food bolus (48%) to different levels 
of the pharynx before onset of the swallowing reflex. This 
finding corroborates the hypothesis that the neurogenic le-
sions of the oropharynx in snorers impair the sensory func-
tion of the mucosa and the triggering of the swallowing re-
flex. When early spillage occurs, chewing and breathing are 
not inhibited, and this may result in laryngeal penetration, 
when food reaches the laryngeal vestibule but does not pass 
through the glottis, or tracheal aspiration, when food passes 
through the glottis8,9.

Another observed abnormality is the presence of residual 
food in the pharynx after complete swallowing and recovery 
of breathing, which occurs in 11% of patients. This also im-
plies a risk of penetration/aspiration because the patient is 
not aware of the presence of the residual food, and the lower 
airway is unprotected. Laryngeal penetration was observed 
in 5% of the OSAS cases, but there was no tracheal aspira-
tion, which may explain why many patients do not report 
dysphagia. Meanwhile, in the control group, there were no 
cases of pharyngeal residue, laryngeal penetration, or trache-
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al aspiration. The only change observed was early escape of 
the bolus in one control individual (7%)8,9.

Jaghagen et al. evaluated swallowing in primary snor-
ing and OSAS patients who were selected for surgical 
treatment (uvulopalatopharyngoplasty and uvulopalato-
plasty). During the preoperative evaluation, 17% of the 
patients had symptoms of dysphagia (i.e. clinical dys-
phagia). Among the asymptomatic patients (83%), more 
than half (51%) showed swallowing disorders during 
videofluoroscopic testing (i.e. subclinical dysphagia). In 
the postoperative period, considering the asymptomatic 
group, no significant difference was observed between 
patients with or without pharyngeal swallowing dys-
function with regards to the risk of developing clinical 
dysphagia. For those who were asymptomatic before the 
surgery, 29% reported dysphagia symptoms afterwards, 
but only half had the diagnosis confirmed by videofluo-
roscopy20.

Okada et al. reported two cases of patients with severe 
OSAS and swallowing dysfunction who improved after 
treatment with nasal continuous positive airway pressure 
CPAP and weight loss. They performed the swallowing 
provocation test before the treatment and one year after, and 
observed decreased latency of the onset of the swallowing 
reflex and also disappearance of tracheal aspiration in one 
patient. However, it was not possible to determine whether 
the patient’s improvement was due to weight loss or the use 
of CPAP21.

Recently, Valbuza et al. used nasal fiberoptic examina-
tion and observed subclinical swallowing abnormalities in 
patients with moderate to severe OSAS compared to a con-
trol group. Early escape of the food bolus occurred in 64% of 
patients, and food residue in the pharynx was found in 55% 
of patients. No cases of laryngeal penetration or tracheal as-
piration were reported22.

Pharyngeal swallowing dysfunction is often a slowly pro-
gressive disorder in which the individual develops compen-
satory mechanisms, such as changes in the diet or chewing 
rate. Thus, symptoms may appear only when the compensa-
tory strategies are overcome by the severity of the disorder. 
Before this point is reached, active medical intervention can 
detect swallowing impairment23.

We observe that in most cases, the complaint of dys-
phagia is not mentioned spontaneously by OSAS patients, 
but its perception reveals the potential impacts of OSAS 
on the patients’ quality of life, which is an additional mo-
tivator for seeking and adhering to treatment. This aspect 
is often ignored in the management of OSAS, and specific 
treatments (maneuver orientation, postural adjustments, fa-
cilitating therapies, and changes in the diet) may also have a 
positive impact on the quality of life of these patients.
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Upper airway resistance syndrome:
still not recognized and not treated
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ABSTRACT
The upper airway resistance syndrome (UARS) is a sleep breath-
ing disorder described by Guilleminault et al., in 1993, to iden-
tify patients that present increased respiratory effort and airfl ow 
limitation during sleep associated with an increase in the upper 
airway resistance. Patients usually complain of daytime sleepiness, 
fatigue, snoring, and diffi culty to maintain sleep. Complains re-
lated to cognitive impairment, headache, anxiety, and irritability 
are also frequent. The physical examination shows nasal obstruc-
tion, increase in soft tissue and craniofacial abnormalities asso-
ciated with decrease in the upper airway space. Nocturnal poly-
somnography does not show apneas or hyponeas for diagnostic 
criteria of obstructive sleep apnea syndrome (OSAS), and respi-
ratory abnormalities consist on periods of increase in respiratory 
effort, sleep fragmentation, presence of respiratory event related 
arousal (RERAs) and presence of fl attening of respiratory curve, 
which indicates airfl ow limitation. Controversies exist regarding 
the characterization of upper airway resistance syndrome as part of 
a continuum with other sleep breathing disorders, or as a separate 
entity that may not progress to obstructive sleep apnea syndrome. 
Treatment of upper airway resistance syndrome is more challeng-
ing than obstructive sleep apnea syndrome, since patients have 
lower tolerance for continuous positive airway pressure (CPAP) 
use. Other treatment modalities have been investigated, but they 
are still not established for clinical practice. Recognition of up-
per airway resistance syndrome is important, since it may prevent 
long-term consequences or progression to more severe forms of 
sleep-related breathing disorders.

keywords: airway resistance; polysomnography; electroencepha-
lography; sleep apnea, obstructive; sleepiness; arousal; respira-
tion.

RESUMO
A síndrome da resistência da via aérea superior (SRVAS) é um dis-
túrbio respiratório do sono, descrito por Guilleminault et al., em 
1993, para identifi car pacientes que apresentam aumento do esfor-
ço respiratório e limitação ao fl uxo aéreo durante o sono, associado 
com aumento na resistência da via aérea superior durante o sono. 

Estes pacientes geralmente queixam-se de sonolência diurna, fadi-
ga, ronco e difi culdade para manter o sono. Queixas relacionadas a 
prejuízo cognitivo, cefaleia, ansiedade e irritabilidade também são 
frequentes. O exame físico demonstra obstrução nasal, aumento dos 
tecidos moles e anormalidades craniofaciais associadas à diminuição 
no espaço aéreo superior. A polissonografi a noturna não apresenta 
apneias e hipopneias sufi cientes para o diagnóstico da síndrome da 
apneia obstrutiva do sono (SAOS), e as anormalidades respiratórias 
consistem de períodos de aumento do esforço respiratório, frag-
mentação do sono, presença de eventos respiratórios relacionados 
ao despertar e presença de achatamento da curva respiratória, o que 
indica limitação ao fl uxo aéreo. Controvérsias existem em relação 
à caracterização da síndrome da resistência da via aérea superior, 
como sendo parte de um contínuo com outros distúrbios de sono 
ou como uma entidade clínica distinta que não necessariamente 
progride à síndrome da apneia obstrutiva do sono. O tratamento 
da síndrome da resistência da via aérea superior é mais desafi ante 
do que o da síndrome da apneia obstrutiva do sono, uma vez que os 
pacientes têm menor tolerância ao uso do CPAP (continuous positive 
air pressure). Outras modalidades de tratamento tem sido investi-
gadas, contudo, a resposta a estas modalidades não esta totalmente 
estabelecida para a prática clínica. O reconhecimento da síndrome 
da resistência da via aérea superior é importante, uma vez que pode 
prevenir consequências a longo prazo para formas mais graves de 
distúrbios respiratórios do sono.

Palavras-chave: resistência das vias respiratórias; polissonogra-
fi a; eletroencefalografi a; apnéia do sono tipo obstrutiva; respiração 
com pressão positiva; nível de alerta; respiração.

INTRODUCTION
The upper airway resistance syndrome (UARS) is a sleep-
related breathing disorder characterized by clinical signs 
and symptoms, including daytime sleepiness and/or fa-
tigue, and increased upper airway resistance associated 
with frequent arousals and sleep fragmentation. In 1993, 
the term ‘upper airway resistance syndrome’ was fi rst 
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used, by Guilleminault et al.1, to describe a subgroup of 
patients with conditions that were formerly diagnosed as 
idiopathic hypersomnia or central nervous system (CNS) 
hypersomnia. These terms were used to describe excessive 
daytime sleepiness (EDS), without a clear cause defined 
by the nocturnal polysomnography (PSG) or the multiple 
sleep latency test (MSLT). Patients with the UARS dem-
onstrated repetitive increased upper airway resistance ep-
isodes defined by increasingly negative inspiratory esoph-
ageal pressure (Pes), which occurred concomitantly with 
decreased oronasal airflow in the absence of frank apneas 
or oxygen desaturation. These episodes were brief, typi-
cally lasting one or three breaths, and resulted in brief 
electroencephalograms (EEG) arousals (from two to four 
seconds), followed immediately by decreased upper air-
way resistance. Since this initial description, several stud-
ies have been published demonstrating the importance of 
recognizing UARS.

Some consider UARS as part of a spectrum that in-
cludes benign snoring, obstructive hypopnea, obstructive 
sleep apnea, and hypoventilation. Others consider the 
UARS as a distinct entity, since it presents some differ-
ences in the clinical presentation and different aspects of 
the pathophysiology. Furthermore, the progression from 
UARS to obstructive sleep apnea syndrome (OSAS) is 
questionable, and there is no data on follow-up to dem-
onstrate the evolution of this condition.

The UARS was described as part of the efforts to de-
scribe a generally unrecognized patient population that is 
nonobese and whose clinical features do not match those 
reported with OSAS. Unfortunately, many sleep breath-
ing abnormalities are still ignored due to the belief that 
sleep-disordered breathing is synonymous with OSAS 
and patients must be overweight or clearly obese with a 
large neck.

Today, more than a decade later after the former initial 
description, patients with UARS are often not recognized 
and not treated. These patients come to the sleep clinic 
complaining of daytime sleepiness or fatigue and have a 
PSG, which do not demonstrate the presence of OSAS. 
Symptoms such as fatigue, lack of energy, irritability 
and decreased memory and concentration presented by 
these patients may be labeled as depression or as related 
to stress. PSG patterns indicating increased upper airway 
resistance are frequently missed. These patients are mis-
interpreted as not having a sleep-related breathing disor-
der, treatment is not indicated, and they are told to come 
back on the future for a follow-up.

UARS need to be suspected by every sleep specialist, 
so patients can get early treatment and prevent long-term 
consequences.

PATHOPHYSIOLOGY 
The UARS pathophysiology is considered similar to OSAS 
in some aspects. However, some aspects indicating UARS 
as a different entity with different pathophysiology have 
been suggested by some studies. One aspect is regarding 
different upper airway responses. It has been demonstrat-
ed that OSAS and UARS present differences regarding 
presence or absence of neurogenic lesions, caused by fre-
quent trauma related to abnormal breathing. Data from 
Friberg2 provided evidence of local neurogenic lesions of 
the upper airway in OSAS, and these lesions are associ-
ated with slowing of impulse conduction3. Afifi et al.4 
demonstrated that OSAS present an abnormal response to 
respiratory-related evoked potentials, indicating a specif-
ic dampening of cortical processing of inspiratory effort 
related information. They concluded that OSAS patients 
present neurogenic lesions in the pharynx and upper lar-
ynx that interfere with normal control of the upper airway 
patency, which leads to apneas and hypopneas caused by 
an abnormal balance between intrathoracic effort and up-
per airway muscle contractions, created by local sensory 
impairment. Some studies have demonstrated that UARS 
patients do not present these local destructions5. 

The authors suggested that OSAS and UARS may 
have different pathophysiology with the following con-
ception: the blunting or elimination of sensory input 
from the upper airway predispose muscle tone to many 
challenges and this lead to a narrow upper airway at the 
onset of the inspiration, leading to airway collapse. In 
UARS, however, the absence of neurogenic lesions in the 
upper airways and the persistence of sensory input lead 
to a faster arousal and changes, despite the presence of a 
narrow airway related to anatomical changes at the point 
with a variable location, from the external valve of the 
nose to the base of the tongue6.

Differences on the impact and changes observed on the 
autonomic nervous system (ANS) have also been demon-
strated between OSAS and UARS patients. In the OSAS, 
there is a hyperactivity of the sympathetic tone related 
to oxygen saturation drops and arousals. UARS subjects 
present an inhibition of sympathetic tone7 related to ab-
normal inspiratory effort associated with increased airway 
resistance. The release of the vagal tone is responsible for 
the observation of mild orthostatism and vagal domi-
nance, during sleep.

In summary, the UARS have upper airway reflexes 
intact during wake and sleep, while they are impaired 
in OSAS. Furthermore, in OSAS, the presence of repeti-
tive SaO

2
 drops excite the sympathetic tone during sleep, 

leading to progressive sympathetic tone resetting and hy-
peractivity, a response that is not present in UARS.
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CLINICAL PRESENTATION
By definition, UARS patients have daytime sleepiness or 
fatigue. Initial studies in adults8 included only men; it 
was later recognized that the syndrome was also present in 
women, with a roughly equal gender distribution1. Con-
trary to what is seen in OSAS patients, UARS patients 
are typically nonobese, with body mass index (BMI) ≤25 
kg/m

2
1,8. They are also frequently younger than OSAS pa-

tients.
Patients with UARS have symptoms that overlap with 

OSAS patients, but recent studies showed some clinical 
differences9. Chronic insomnia tends to be more common 
in patients with UARS, and many of them report noc-
turnal awakenings and difficulty in falling back to sleep. 
They often complain of sleep onset and maintenance in-
somnia, which is thought to be due to “conditioning”, 
as a consequence of frequent sleep disruptions10. Other 
presentation includes parasomnias, such as sleepwalking 
and sleep terrors, myialgia, depression, and anxiety. Gold 
et al. emphasized that UARS patients have complaints 
more related to functional somatic complains, such as 
headaches, sleep-onset insomnia, and irritable bowel syn-
drome. Their patients had polysomnographic findings of 
UARS11. It is frequent that UARS is misinterpreted as 
chronic fatigue syndrome, fibromyalgia, or as psychiat-
ric disorders, such as attention deficit disorder/attention 
deficit hyperactivity disorder (ADD/ADHD)12. Patients 
refer cold hands and feet. Some of them refer lighthead-
ness or tendency to faint upon standing abruptly. This 
last complaint may be explained by the finding that low-
blood pressure (BP) (SBP<100 mmHg) is more common-
ly associated with UARS13, whereas hypertension is more 
commonly associated with OSAS (Table 1).

PHYSICAL EXAMINATION
Clinical examination shows low-BP in about one-fourth 
of subjects, often associated with worsening during or-
thostatic maneuvers13,14. The physical examination needs 
to include evaluation of the nose, maxilla, mandible, and 
soft tissues.

Upper airway examination frequently shows craniofa-
cial abnormalities including low soft palate, long uvula, 
increased overbites, and high, narrow and hard palate.

Despite the differential clinical features, it is some-
times difficult to dissociate patients with UARS from 
those with mild OSAS, based on symptoms and clinical 
signs alone. Diagnosis can only be confirmed by PSG.

PSG
Patients with UARS have symptoms related to daytime 
alertness impairment associated with PSG parameters, 

indicating increase in upper airway resistance. They also 
must have an indication of increased upper airway resis-
tance and respiratory effort during sleep, in the absence of 
apneas/hypopneas criteria that fulfill OSAS criteria. 

Increased respiratory effort during sleep in UARS pa-
tients was initially described using an esophageal pressure 
monitoring, and it still is considered the gold-standard of 
diagnosis1. The use of a pediatric feeding catheter instead 
of a balloon has made the procedure better tolerable in 
adults15. Three abnormal patterns indicative of increased 
respiratory effort during sleep have been described; Pes 
crescendo, sustained continuous respiratory effort, and Pes 
reversal16.

Airflow limitation is defined by an increase in respi-
ratory effort without the increase in airflow, it is also an 
indication of upper airway initial decrease in area. The 
development of a plateau on the inspiratory flow signal 
from a nasal cannula can also be used as a marker of in-
creased upper airway resistance and flow limitation and, 
hence, may be used to indicate presence of periods of in-
creased resistance17. Flow limitation will appear as a ‘flat-
tening’ of the normal bell-shape curve of normal breath, 
with a drop in the amplitude of the curve by 2 to 29% 
compared to the normal breaths immediately preceding. 
The nasal cannula/pressure transducer is more sensitive 
than thermistor in picking up respiratory changes and 
detecting flow limitation, which is demonstrated in re-
spiratory event related arousal (RERAs) (term defined by 
AASM to describe flow limitation leading to arousal). 
However, sensitivity comparable with Pes measurement 
has not been demonstrated.

UARS patients have nocturnal PSG with normal ap-
nea hypopnea index (AHI), no significant oxygen desatu-
ration and presence of flow limitation during sleep, as 

Table 1. Most important clinical aspects of UARS compared to OSAS.

BMI: body mass index; ANS: autonomic nervous system; BP: blood 
pressure.

Aspects UARS OSAS
Age Young Children, middle age men

Menopausal woman
Gender 1:1 2:1

Sleep onset Insomnia Fast
Snoring Common Almost always
Apneas Absence Frequent

Daytime 
symptoms

Tiredness
Fatigue

Daytime 
sleepiness

BMI Normal Increased
Somatic 

complaints 
Fibromialgia, 

headache
Rare

ANS 
symptoms

Cold extremities
fainting

Rare

BP Low or normal High
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well as other non apnea hypopnea respiratory events. The 
American Academy of Sleep Medicine (AASM) task force 
for sleep-related breathing disorders defined the term 
RERA to describe events involving the increased respira-
tory effort and arousal (Figure 1). The event must fulfill 
the criterion for an abnormal breathing pattern indicated 
by a progressively more negative esophageal pressure or 
flattening of the respiratory curve, which last ten seconds 
or longer leading to an arousal.

Other noninvasive markers of increased upper airway 
resistance have been proposed, such as: brief arousals ac-
companying increasing snoring intensity, beat to beat BP 
measurement18, forced oscillation technique19 pulse tran-
sit time (PTT)20, and respiratory inductive plethismog-
raphy21. Although other respiratory measurements have 
been investigated, the measurement of esophageal pres-
sure remains the gold-standard for detecting increase in 
respiratory effort.

It has also been demonstrated that, in UARS patients, 
clinical complaints of fatigue and sleepiness are associ-
ated with sleep instability. UARS is a subtype of SDB, 
which is strongly associated with daytime complaints 
and sleep disruption22. UARS patients have an increase 
in alpha EEG rhythm during sleep23, which is correlated 
with low-arousal threshold16. Typically, an arousal can oc-
cur associated with flow limitation and abnormal increase 
in respiratory efforts during sleep. These patients have 
peaks in Pes measured around -33±7 cm H

2
O, in 1993. 

However, it is often observe Pes reversal (normalization of 
Pes) without classic ASDA arousal in the end of event (in 
2000)24. Flow limitation in nasal cannula can be associ-
ated with EEG changes25. Cyclic alternant pattern (CAP) 
in NREM sleep has been described as a new marker of 
sleep instability and sleep disruption in adults with sev-
eral sleep disorders26. This pattern was increased in se-
vere OSAS patients and it was decreased after continuous 
positive air pressure (CPAP) treatment of OSA patients26. 
UARS is associated with sleep disruption and insomnia 

complaints. Parrino et al. have been calling the insomnia 
as an internal noise that has an increase in CAP rate in 
NREM sleep. UARS patients have also an internal noise 
associated with increase in respiratory effort. The analyses 
of CAP have been showing that there is sleep instability 
in NREM sleep in UARS patients27

The MSLT helps to objectively confirm the subjective 
symptom of EDS28. But, often, the MSLT scores are not 
very demonstrative. Similarly, the Epworth Sleepiness 
Scale may not provide a valid impression, and fatigue and 
visual analog scales have been better tools to investigate 
the UARS. 

CONSEQUENCES

Daytime sleepiness
The increased respiratory effort, due to increased upper 
airway resistance during sleep, leads to increased arous-
als lasting only seconds29, heading to sleep fragmenta-
tion and daytime sleepiness. However, often subjects will 
complain more of daytime fatigue, or difficulty to con-
centrate. The level of negative intrathoracic pressure is 
the most likely stimulus for arousal, possibly mediated 
by the mechanoreceptors in the upper airway and chest 
wall.

Disrupted nocturnal sleep and complaint of 
‘insomnia’
Subjects may perceive more the repetitive arousal and 
nocturnal disruption and may develop conditioning sec-
ondary to arousal during sleep with fear of poor sleep. If 
left untreated, the pattern may be one of ‘insomnia’ with 
nocturnal arousal, and if secondary conditioning occurs, 
long sleep latency may give a mixed presentation. The 
association between insomnia and sleep disorders breath-
ing (SDB) is another important subject. The interaction 
between insomnia and SDB has been important to bet-
ter understand the arousal ability process, which can be 
an important differential factor to recognize subtypes of 
SDB.

Effect on blood pressure
Several studies have established the association between 
OSAS and hypertension30,31. A positive correlation be-
tween chronic loud snoring and stroke or hypertension 
has been reported. Patients with UARS have a higher risk 
for abnormal BP control32. A review by Silverberg and 
Oksenberg32 showed 30 to 40% incidence of OSAS and 
30 to 75% incidence of nonapneic snoring in hypertensive 
individuals. In a study by Guilleminault33, 110 UARS 
patients were evaluated using 48-hour continuous am-

Figure 1. RERA example with increased respiratory effort leading to 
an arousal.
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bulatory BP monitoring, before and after treatment with 
nasal CPAP. Five out of six subjects used CPAP on a regu-
lar basis and their chronic borderline BP was completely 
controlled. No changes were seen in the sixth subject who 
discontinued his CPAP after three days. In another group 
of seven normotensive subjects, continuous radial artery 
BP recording was obtained during sleep along with PSG 
recording. Increased systolic and diastolic were observed 
during the breaths with the greatest inspiratory effort, 
even though there was no associated oxygen desaturation. 
A further increase was seen accompanying the arousals. 
Three of these subjects underwent echocardiography dur-
ing sleep, which demonstrated a leftward shift of the in-
treventricular septum with pulsus paradoxus at the time 
that the peak end-expiratory pressure was more negative 
than -35 cm H

2
O.

Similar BP changes have been observed by Lofaso et 
al.34. The authors concluded that undetectable arousals 
were occurring during these events, and it was the auto-
nomic response to arousal that led to BP rise rather than 
changes in intrathoracic pressure or intraventricular sep-
tal shift. The exact mechanism is still debated. It is likely 
that both arousal and homodynamic factors are involved 
in BP changes. 

There is also a subgroup of UARS individuals that the 
BP may be in fact lower than normal. The presence of or-
thostatic hypotension and intolerance with cold extremi-
ties and dizziness at standing upright was documented in 
these patients13. The authors hypothesized that subjects 
with sleep-disordered breathing, who do not suffer re-
current hypoxemia (UARS), have repetitive episodes of 
systemic hypotension that eventually lead to sympathetic 
nerve dysfunction. In contrast, subjects with sleep-dis-
ordered breathing, who suffer hypoxemia (OSAS), have 
repetitive pressure responses that eventually lead to day-
time hypertension.

TREATMENT
In the original description of UARS, by Guilleminault 
et al., in 1993, patients were successfully treated with 
nasal CPAP. It was used to confirm the diagnosis and to 
document potential improvement. CPAP was titrated to 
achieve a Pes pressure of less than -7 cm H

2
O. Although 

most subjects initially accepted it, 98% rejected it as a 
log-term treatment modality35. Rausher et al. studied the 
effect of CPAP in patients with RDI <5 and with symp-
toms of snoring and arousal index of 20±10/hr. However, 
esophageal pressure was not followed-up in this study. 
Out of 11 patients, only 19% accepted the treatment, 
with a mean daily use time at six months of 2.8±1.5 h. As 
expected, 73% of those who used it reported a decrease in 

daytime sleepiness. The criteria that could predict CPAP 
compliance could not be determined36. Thus, data sug-
gest that CPAP is an effective form of therapy, but the 
compliance rate is unfortunately poor. 

Recent studies have demonstrated that adding cogni-
tive behavioral therapy (CBT) to CPAP treatment is ben-
eficial for patient’s chronic insomnia or psychosomatic 
symptoms secondary to UARS37.

Septoplasty and radiofrequency reduction of enlarged 
nasal inferior turbinates can be successful in treating 
UARS. But, often, anatomical abnormalities involve 
soft tissue in soft palate and the maxilla and mandible 
skeletal structures. Correction absence of primary cause 
of the abnormal breathing, such as crowded airway and 
narrow jaw, will leave patients untreated and potentially 
may lead to develop local neuropathy and occurrence of 
OSAS. The classical surgical procedures have been con-
sidered too aggressive to treat UARS. Uvulo-flap as well 
as distraction osteogenesis have been helpful for manage-
ment of UARS38. 

Orthodontic approaches, such as rapid maxillary dis-
traction, which are conveniently performed in children 
and teenagers, are not directly applicable in adults. This is 
due to complete ossification of the maxilla and mandible. 
In adults, midline incisions of the maxilla and mandible 
are necessary prior to the placement of internal jaw dis-
tractors. Distraction osteogenesis applied to sleep-related 
breathing disorders showed promising clinical improve-
ment. This combined surgical and orthodontic treatment 
is much less invasive than traditional jaw advancement 
surgery. However, patients are required to wear braces 
for an extended time after jaw expansion for orthodontic 
purposes.

Oral appliances can achieve satisfactory outcomes in 
UARS39. Further well-documented studies are required, 
before the exact role of surgery and oral appliances in 
UARS patients can be established.

In summary, UARS treatment may be more demand-
ing than OSAS, as patients usually tolerate nasal CPAP 
less and become quickly noncompliant. Treatment of the 
underlying causes of the upper airway anatomical prob-
lems is the usual approach, which may consist on ag-
gressive treatment of nasal allergies, usage of palatal soft 
tissue surgery, orthognatic surgery, or the use of dental 
devices.

CONCLUSIONS
UARS has been increasingly recognized, but it is still not 
part of the routine in clinical practice in sleep centers, 
and several patients remained untreated. The early non-
recognition in life of the syndrome and the anatomical 
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abnormalities surrounding the upper airway responsible 
for the symptoms will probably lead to complications and 
perhaps even development of OSAS. Considering that the 
prevention is much less costly to society than the syn-
drome’s treatment with permanent lesions, recognition 
and treatment of UARS should also be a priority.
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