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and unilateral nasal obstruction also caused a significant increase in the number of apneic 
episodes in a study by Lavie et al (5) who found disordered breathing, characterized by 
episodes of hypopnea during sleep, in all patients with allergic rhinitis. McNicholas et al. (6) 
investigated patients who had more frequent and longer episodes of obstructive sleep apnea 
during allergic periods than when they had no nasal symptoms. One patient had sleep apnea 
solely on the basis of an allergic reaction to his wife’s nighttime cosmetics. 

A basic question is: Why does mouth breathing not ease nocturnal respiration? What is 
a mechanism underlying observations that nasal obstruction causes episodes of obstructive 
apnea (or hypopnea) when the subject has a patent oral airway? In the present study we 
investigated the possible influence of breathing through the nose on genioglossus muscle 
reactivity to chemical stimulation in progressive hypoxia conditions. 
 
 

MATERIAL AND METHODS 
 

The populations of 35 younger subjects [G-I, 20-30 years old] and 35 older subjects 
[G-II, 41-55 years old], who volunteered for the study, were investigated. All subjects were 
healthy, normotensive, non-snorers, but the older subjects showed greater resting values of 
systolic (SYS), diastolic (DIAS) blood pressures and body mass index (BMI) (Fig. 1).  
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Fig. 1. Age, systolic (SYS) and diastolic (DIAS) blood pressure, and body mass index (BMI) 
in both investigated groups: G-I (younger subjects) and G-II (older subjects). 
 
GG-EMG activity and hypoxic response 
 

An electromyogram from the genioglossus muscle (GG-EMG) was recorded from 
gold cup surface electrodes. The electrodes were attached to the skin using double-sided 
adhesive disks and collodion. The GG electrodes were positioned in the midline 1 cm apart 
and halfway between the chin and the hyoid bone (7). The raw EMG signal was amplified 
100 to 1000 times with 30 and 1000 Hz low- and high-frequency filters and integrated with a 
RC circuit. The integrator band was 70 to 1500 Hz. 
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Fig. 2. Linear regression slopes of MV and VT/TI on SaO2 during nose and mouth (N&M), 
nose alone (N), and mouth alone (M) breathing in G-I (left) and G-II (right) groups. 
 

Our results suggest an additional explanation. Linear increases in GG-EMG- activity 
in response to progressive isocapnic hypoxia in human subjects have been previously 
described (9, 10). In the present study, the most eminent increase in GG-EMG-activity in 
response to a rebreathing test was observed during breathing through the nose, with mouth 
closed, or through the mouth and nose simultaneously. This phenomenon was found in both 
younger and older subjects, although the reflex genioglossal response was smaller in the old, 
similarly to our previous study. Thus, nasal mucosa seems to play an important role in the 
regulation of upper airway flow, probably by activation of the dilator muscle of the upper 
airway. Mathew et al (10) showed that the response of upper airway muscles to negative 
pharyngeal pressure is abolished when nasopharyngeal topical anesthesia is administered. 
Several other studies indicated that the nasal airway is an active component of the respiratory 
system. Hypercapnia decreases nasal airway resistance proportionally to the increase in 
minute ventilation (11). Nasal cycle (alternating congestion and decongestion of the nasal 
airway) is another important aspect of nasal physiology (12, 13). Nasal reflexes have also 
been clearly demonstrated (14). Nasal obstruction changes the sensing of airflow and pressure, 
which may disrupt the neural and muscular control mechanisms for the maintenance of 
respiration during sleep (2). The nasal airway seems to be the preferred route of respiration 
not only in the awake state but also, and even more so, during sleep. 

A number of animal studies have demonstrated that upper airway dilator muscles can 
be activated through reflex mechanisms, with afferent pathways originating in the upper 
airway itself (15, 16). Similar observations have been made in normal adult humans during 
wakefulness (17). In the genioglossus muscle, there also are both excitatory and inhibitory 
reflexes linked to jaw opening and closing, with the afferents responding to information 
arising in joint receptors in the temporomandibular joint (18). As the jaw falls open (during a 
sleep-induced loss of postural drive to the muscles), it rotates, so that the tongue moves 
posteriorly, narrowing the oropharynx. Furthermore, passive and active jaw openings inhibit 
genioglossus activity (19), a reflex that plays an important role in mastication that is activated 
by temporomandibular joint afferents. It seems reasonable to speculate that this reflex can 
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Fig. 3. Increases in GG-EMG-activity during progressive isocapnic hypoxia during the nose, 
mouth, and nose+mouth ways of breathing in the groups of younger (Panel A) and older 
(Panel B) subjects. Lines are linear regression slopes of EMG activity on arterial oxygen 
saturation. 

  
explain smaller responses of the genioglossus muscle to hypoxia during mouth breathing, 
found in the present study. This reflex may likely contribute to obstructive apneas, since jaw 
opening during sleep is common in patients with obstructive sleep apnea. Additionally, it may 
contribute through a reduction of reflex activation of the genioglossus muscle, as compared 
with breathing through the nose. However, the role of this mechanism in the maintenance of 
upper airway muscle tone during sleep is yet unclear. 
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