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HONDA. An assessment of nasal functions in control of breathing. 
J. Appl. Physiol. 65(4): 1520-1524, 1988.-Breathing pattern 
and steady-state CO2 ventilatory response during mouth 
breathing were compared with those during nose breathing in 
nine healthy adults. In addition, the effect of warming and 
humidification of the inspired air on the ventilatory response 
was observed during breathing through a mouthpiece. We found 
the following. 1) Dead space and airway resistance were signif- 
icantly greater during nose than during mouth breathing. 2) 
The slope of CO* ventilatory responses did not differ appreci- 
ably during the two types of breathing, but CO2 occlusion 
pressure response was significantly enhanced during nose 
breathing. 3) Inhalation of warm and humid air through a 
mouthpiece significantly depressed CO2 ventilation and occlu- 
sion pressure responses. These results fit our observation that 
end-tidal PCO~ was significantly higher during nose than during 
mouth breathing. It is suggested that a loss of nasal functions, 
such as during nasal obstruction, may result in lowering of COS, 
fostering apneic spells during sleep. 

nasal breathing; temperature and humidity; airway resistance; 
dead space 

IN RECENT STUDIES on Sleep apnea syndrome, many 
investigators emphasized the importance of nasal pa- 
tency for maintaining the normal breathing during sleep 
(4, 15, 21, 24). A loss of nasal breathing capability may 
result in disordered breathing during sleep; apnea or 
hypopnea with arterial 02 desaturation may occur. From 
these observations, Douglas et al. (6) got the idea that 
nasal occlusion may induce decreased ventilatory drive, 
even in awake humans. However, contrary to their ex- 
pectations, ventilatory response was greater in mouth 
than in nose breathing (6). To explain this contradictory 
result, they proposed that respiratory flow-sensitive 
receptors in the oropharynx might enhance the ventila- 
tory drive. In agreement with this hypothesis, they found 
that the application of lidocaine aerosol to the upper 
airways through the nostril elicited decreased hyper- 
capnic ventilatory responses (HCVR) in both nose and 
mouth breathing. 

However, there still remains the question if they prop- 
erly evaluated the differences between nose and mouth 
breathing because, as they used the rebreathing method, 
the inspired air was continuously warm and humid. Un- 
der such conditions, one of the important roles played 
by the nose, warming and humidification of the inspired 

air, might have been underestimated in comparison with 
mouth breathing. 

In the present study we investigated the steady-state 
hypercapnic ventilatory and occlusion pressure re- 
sponses in nose breathing and compared them with those 
in mouth breathing in healthy adult subjects. A one-way 
respiratory valve was used to avoid recirculation of the 
expired gas. Additionally, we compared dry air breathing 
with warm and saturated air breathing while breathing 
through a mouthpiece. 

METHODS 

Nine healthy subjects, seven males and two females 
aged 25-41 yr, were studied. All were informed of the 
test protocol but were not told about the experimental 
purpose and results until all the procedures had been 
completed. Each subject refrained from food and caffeine 
intake at least 2 h before the experimental procedure. 

They were studied three times on separate days. On 
the 1st day, their nasal breathing was examined for the 
steady-state HCVR’s, followed by the same measure- 
ments for mouth breathing. On the 2nd day, effect of the 
warming and humidification of the inspired air was ex- 
amined during breathing through a mouthpiece. The 
respiratory resistances during nasal and oral breathing 
were investigated on the 3rd day. 

Experiment 1. After having sufficient rest, the subjects 
were seated in a chair and breathed through a face mask 
with a one-way valve. The face mask had a dead space 
of -150 ml. All the experimental apparatus and exam- 
iners were hidden from the view of the subjects by a cloth 
screen. 

A hot-wire flowmeter (Minato RF-H) was inserted 
between the face mask and the one-way valve for detect- 
ing the breath-by-breath expiratory flow. The expiratory 
flow signal was electronically processed to obtain tidal 
volume (VT), inspiratory time (TI), and expiratory time 
(TE). Using these parameters, respiratory rate (f), total 
cycle duration (TT), and minute ventilation (VE) were 
calculated. POT and PCO~ were simultaneously monitored 
with a rapid response 02 and CO:! analyzer (San-ei lH21) 
in the airway, and end-tidal POT and PCO~ (PETE, and 
PET& were determined by the stable alveolar plateau. 
Expired air was introduced into a smoothing bag con- 
nected to the outlet of the breathing setup. When the 
ventilatory pattern of each subject stabilized, the sam- 
pling line of the 02 and CO2 analyzer was transferred to 
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the outlet of the smoothing bag, and 02 and CO2 pres- 
sures in the expired air (PE*, and PE& were deter- 
mined. The dead space (VD) was calculated from the 
PET029 PECO,, and VT during resting ventilation. The 
occlusion pressure was also monitored with a differential 
pressure transducer (Toyo Boldwin LPU-01). It was 
recorded 2-3 times/min at 0.2 s after the onset of the 
inspiratory effort against an occluded airway (Po.2). This 
value was found to be less variable than the conventional 
occlusion pressure read at 0.1 s (23). Room air humidity 
was monitored with an aneroid hygrometer and was 
maintained at ~40%. 

During the first run, the subjects were instructed to 
breathe through their nose with their mouth closed. They 
breathed five hyperoxic (30-35% 02) gas mixtures with 
different CO2 concentrations: 0, 1.5, 3.0, 4.5, and 6.0%, 
respectively. The mixtures were prepared from room air 
of 40% humidity, dry 02 and CO2 gases. Each gas was 
inspired for ~5 min, and attainment of the steady-state 
condition was confirmed by a stable PETO, and PETIT, 
and a uniform ventilatory pattern. It usually took >30 
min to complete one series of breathing for all the gas 
mixtures. 

Completion of this part of the experiment was followed 
by a 30-min resting period. During this time, nasal occlu- 
sion was achieved by inserting cotton swabs infiltrated 
with Vaseline into the orifice of the nasal vestibule. As 
the cotton swabs were placed just in the orifice of the 
nasal vestibule, they were not in contact with the nasal 
mucosa, and none of the subjects reported discomfort. 
The subjects were then reconnected to the experimental 
setup and they were made to breathe the five gas mix- 
tures again. The order of nose first and mouth breathing 
second could not be changed because of long-lasting chest 
discomfort after mouth breathing. The discomfort was 
described by the subjects as a feeling of bronchial irrita- 
tion or of the whole thoracic cavity being dried up. 

~~~e~~~e~~ 2, In this study, the general procedures 
and the respiratory values measured were the same as in 
e~~e~~~e~~ 1, except that the subjects continuously 
breathed warm humid air or ambient temperature dry 
air through a mouthpiece instead of the face mask. 

During the first run, the subjects inspired gas mixtures 
that were warmed and humidified passing through a 
reservoir of hot water. The temperature of the inspired 
air was continuously monitored by a thermistor located 
at the inlet of a one-way valve. It was generally main- 
tained at *37OC, although it tended to decrease by a few 
degrees toward the end of the run. The humidity of the 
inspired gas was not directly measured. However, judging 
from the deposition of water droplets at the inlet of the 
one-way valve, full saturation with water vapor was 
assumed to have occurred. 

During the second run, the subjects inhaled gas mix- 
tures prepared at ambient temperature [22.8 t 1.2”C 
(SD)]. For the same reason as in experiment I, the order 
of experimental runs could not be changed. 

Experiment 3. Respiratory resistances in nose and 
mouth breathing at a flow rate of 0.25 l/s were measured 
by the oscillation method (7). Each subject was con- 
nected to a rhinograph (Chest TUR-5600M) by the face 

TABLE 1. Breathing pattern obtained 
from base-line measurements 

Expt 1 Expt 2 

Warm Ambient 
Nose Mouth humid temperature 

dry 

VT, liters 
VD, liters 
f,  breaths/min 
VE, l/min 
TI, s 
TE, s 
TI/TT 
VT/m, l/s 
Po.2, cd&O 
PETCO~, Torr 

0.64kO.14 
0.30*0.06 
13.6k2.6 
8.55k1.73 
1.72zk0.51 
2.70zk0.69 
0.39*0.07 
0.4OkO.13 
4.22k1.47 
42.7k1.2 

0.61kO.20 0.44kO. 11 0.46&O. 13 
0.26kO.06" 
13.6k4.6 13.2k4.2 14.0*3.6-f 
7.77+2.10? 5.62k1.05 6.12&0.90$ 
1.76kO.81 1.92k0.83 1.81k0.75 
2.94k1.06 2.6621.05 2.62k0.77 
0.37kO.07 0.42kO.07 0.41kO.08 
0.38kO.14 0.24kO.07 0.27i0.09t 
3x3*1.41 2.75k0.58 3.41kO.81" 
40.6k1.4" 41.2k1.5 4O.l=t1.7* 

Values are means * SD. VT, tidal volume; VD, dead space volume; 
f,  respiratory frequency; \jE, minute ventilation; TI, inspiratory time; 
TE, expiratory time; TI/TT, inspiratory time/breath cycle duration; 
VT/TI, mean inspiratory flow; P 0.2, occlusion pressure at 0.2 s; PIWe%, 
end-tidal Pco~. Because a face mask was used, additional dead space 
of 150 ml was included in breathing during experiment 1. Significantly 
different from previous column: * P < 0.01; t P c 0.1; $ P e 0.05. 

mask and was asked to breathe quietly until a steady 
state was attained. With this apparatus, the applied 
oscillation frequency is automatically controlled to ob- 
tain the resonance frequency of the respiratory system. 
At this point, respiratory impedance is lowest and is 
equal to the airway resistance (RR). Therefore, the lowest 
values of respiratory impedance, which appeared repeat- 
edly on the paper trace, were assumed to have been the 
appropriate RR for the subject. 

Statistical analysis. All values were expressed as means 
t SD. The differences between nose and mouth breath- 
ing, and warm humid air and ambient temperature dry 
air inhalation through the mouthpiece, were analyzed 
using Student’s t test for paired data. P < 0.05 was 
considered to be statistically significant, although our 
study was not completed in a randomized order. 

RESULTS 

Experiment 1. The ventilatory data obtained during 
the period of 0% COs inhalation were defined as the 
base-line values (Table 1). In seven of nine subjects, the 
value of VE during nasal breathing was greater than that 
obtained during oral breathing, and the overall increase 
was of borderline significance (P < 0.1). The VD and 
PET~O, were significantly higher during nasal breathing 
(P < 0 01). 

The relationship between PET~O, and VE or PO.2 was 
analyzed by the linear regression equation using the 
least-squares method (Table 2). The base-line values 
were excluded from these calculations, and thus each 
regression line was calculated from four points. There 
was no significant difference between the slope of CO2 
ventilatory responses during the two types of breathing. 
On the other hand, the slope of the CO2 occlusion pres- 
sure response during nasal breathing was found to be 
significantly higher than during oral breathing. 

Experiment 2. In this series of mouthpiece breathing 
studies, the effect of altering the inspired air from the 
ambient temperature dry to the warm humid gas mix- 

Downloaded from www.physiology.org/journal/jappl by ${individualUser.givenNames} ${individualUser.surname} (192.236.036.029) on September 2, 2018.
Copyright © 1988 American Physiological Society. All rights reserved.



1522 NOSE IN BREATHING CONTROL 

TABLE 2. Ventilatury and occlusion pressure DISCUSSION 
responses to hypercapnia In considering the nasal function in the control of 

Expt 1 Expt 2 

Ambient 
Nose Mouth Warm 

humid temperature 
dry 

Vent&tory response to hypercapnia 
S, 1. min” . Torr-’ 1.08kO.59 1.12~0.41 1.3OzkO.62 1.7&0.79* 
-B, l/min 36.5k23.3 36.9iz14.4 47.&27.4 66.2zk34.8 

Occlusion pressure response to hypercapnia 
S, cmHsO/Torr 0.53kO.21 0.39&O. 19* 0.45kO.16 0.64kO.33” 
-B, cmHs0 18.3k7.5 12.Ok7.4” 15.4k6.1 22.6k13.6” 
Values are means k SD. S and -B, slope and extrapolated intercept 

of response curve on vertical axis. Additional dead space volume was 
included in experiment 1 as described in Table 1. Significantly different 
from previous column: * P < 0.05. 

tures was examined. As seen from Table 1, the base-line 
VE was decreased with warm humid air (P < 0.05), due 
chiefly to depression in f (P < O.l), and the base-line 
values of mean inspiratory flow (VT/TI) and of Po.2 were 
also attenuated (P < 0.05 and P < 0.01, respectively). In 
agreement with the depressed ventilatory drive, the 
PETIT* was found to be elevated during warm humid air 
inhalation (P < 0.01). As shown in Table 2, hypercapnic 
ventilatory response with warm humid air breathing was 
decreased (P < 0.05). The CO2 occlusion pressure re- 
sponse slope was similarly depressed by warm humid air 
inhalation (P c 0.05). 

breathing, two major mechanisms must be taken into 
account: these are the primary responses from the nose 
and the secondary responses from other parts of the 
respiratory apparatus. 

The primary responses from the nose will be induced 
by the activity of nasal receptors. As nasal airflow (10, 
11, 17, 22) and cooling of the nose (1) cause depression 
in ventilatory activity, it seems generally accepted that 
breathing through the nose depresses ventilation (16). In 
the present study, CO2 ventilatory response did not differ 
between mouth and nose breathing, but CO2 occlusion 
pressure response obtained at zero flow was significantly 
higher in the latter. Furthermore, ventilatory drive dur- 
ing the base-line measurement (Table 1) was not in- 
creased appropriately to match a significant elevation in 
PETITE when the subjects breathed through the nose. 
Although other mechanisms will also be involved as 
discussed later, an inhibitory influence on ventilation by 
flow-sensitive nasal receptors may at least in part ac- 
count for this result. 

Experiment 3. Figure 1 demonstrates that in all the 
subjects examined, the RR was increased during nose 
breathing (P < 0.01). The mean increment was estimated 
to be 2.3 cmHs0 at a flow rate of 0.25 l/s, and thus the 
nasal passage was assumed to possess a flow resistance 
of -10 cmH~O~l-‘~ s. 

RR(Cmti70 at 0,2516ec-1) 
1010 

nose mouth 

The secondary responses from other parts of the res- 
piratory apparatus were assumed to be induced by the 
following properties of the nose: 1) higher flow resistance 
than the mouth, 2) larger dead space than the mouth, 
and 3) warming and humidification of the inspired air. 

Regarding the first mechanism, we observed that the 
magnitude of flow resistance in the nose exceeded that 
in the mouth breathing by -10 cmHzO.1 s, and this 
extra amount of resistive loading was considered to be 
sufficient to induce the enhanced PO.2 response (2). De- 
spite such an increment in the PO.2 response, the venti- 
latory response with the nose was rather less than that 
with the mouth, probably due to mechanical limitation 
as well as the above-mentioned nasal receptors. The 
higher ventilatory resistance with nose than with mouth 
breathing demonstrated in our study is in accord with 
the review of Mead and Agostoni (14) but at variance 
with Cole et al. (3), who found no difference between the 
two breathing types. The reason for the inconsistencies 
among various investigators is unclear, but judging from 
the anatomic structures of the airways, we believe that 
the present results are conceivable. 

The breathing route through the nose exhibited a 
greater dead space than that through the mouth. In- 
creased dead space may have induced the increased Pcoz 
level. Although it was not significant, the increment of 
VT during nasal breathing in all but one subject might 
be partly explained by the increased VD. 

Warming and humidification of the inspired air have 
significantly depressed ventilatory activity (Table 2). To 
our knowledge, no work has so far been performed to 
determine the effect of warm humid air inhalation 
through a mouthpiece. However, many investigators re- 
ported that bronchial constriction during exercise-in= 
duced hyperpnea was absent when the subjects breathed 

FIG. 1. Respiratory resistances (RR) at a flow rate of 0.25 l/s in 
nose and mouth breathing. - Connect RR values during nose and 

warm humid air (5,20), and that such bronchial constric- 
mouth breathing for each individual. RR values for nose and mouth tion could be attenuated by the local anesthesia of the 
breathing are 4.7 ,t 1.8 and 2.4 it 0.8 (SD) cmHn0, respectively, and pharynx (13) or by previous administration of atropine 
difference is significant (P < 0.01). (19). From these observations, it seems very likely that 
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some reflex mechanisms that are influenced by temper- 
ature and humidity of the inspired air also affect breath- 
ing control. 

Actually, in our experiment, all the subjects reported 
some feeling of dryness in the chest during oral breathing 
with ambient temperature dry air. We are not sure about 
the nature and location of the receptors responsible for 
such a sensation. However, the activation of “irritant” 
or “irritant-like” receptors, proposed by McNally, et al. 
(13), was the most likely candidate for explaining this 
mechanism. Because these receptors are located very 
superficially in the airway walls, changes in temperature 
and humidity may easily affect their activities, which are 
known to elicit tachypneic hyperventilation (18). In ad- 
dition, with the mouth breathing, airway temperature 
was significantly depressed to as deep as the first bifur- 
cation of the bronchus according to previous reports (5, 
12) 

The effects of warming and humidification could not 
be differentiated from our experiments, although Straus 
et al. (20) emphasized the importance of the humidity. 
Naturally, hyperventilation during ambient temperature 
dry air breathing may have been elicited from the behav- 
ioral control due to the chest discomfort. However, aug- 
mented ventilation was detected even during 0% CO2 
inhalation, when the subjects breathed dry air instead of 
humid air (Table 1) As the inhalation of 0% CO2 was 
the first run in our protocol, chest discomfort was 
scarcely developed in such a short period of base-line 
observation. Therefore the effect of ambient temperature 
dry air could not be explained by the behavioral control 
alone. 

Experimental procedure in this study was not arranged 
in a randomized order; oral and dry air breathing were 
always preceded by the nasal and wet air breathing. We 
are not sure how much bias has potentially induced in 
the present results. However, 30 min rest between each 
run was sufficient to extinguish the influence of preced- 
ing run. 

From our data so far discussed, the functional role of 
nose breathing may be summarized as follows: 1) venti- 
latory drive is suppressed by the flow sensitive nasal 
receptors, 2) airway resistance increases, 3) dead space 
increases, and 4) activities of the irritant or irritant-like 
receptors in the airways are inhibited by warming and 
humidification. All these influences may have partici- 
pated to elevate PET cog, and that during nose breathing 
it was significantly higher than that during mouth 
breathing (Table 1). Fink et al. (9) demonstrated in one 
subject that only a 15Torr drop in PETIT, effectively 
induced an apnea when he just fell asleep for a brief 
moment. He also presented evidence that keeping wake- 
fulness is effective in preventing the occurrence of apnea 
despite marked hypocapnia after forced or passive hy- 
perventilation (8). 

When the subjects breathe through the mouth with 
the nose occluded, all the influences to elevate the 
PETIT, described above will be lost. Indeed, according to 
White et al. (22), a number of investigators have noted 
an hyperventilation before sleep apnea. That being so, 
the state of unconsciousness due to sleep mav effectivelv 

induce the apnea. 
Many other mechanisms may possibly contribute to 

the occurrence of sleep apnea during nasal obstruction. 
For example, the anatomic alterations caused by opening 
the mouth during nasal obstruction may compromise the 
patency of the pharyngeal airway by causing a dorsal 
displacement of the tongue. However, well-known potent 
effect of CO2 on ventilatory activities led us to assume 
that depressed PET~O, may easily induce an apnea during 
sleep, as was clearly demonstrated by Fink et al. (9). 

In summary, our study suggested that during mouth 
breathing four possible mechanisms, i.e., the nasal recep- 
tors, airway resistance, dead space, and the irritant or 
irritant-like receptors in the airways, may play a role in 
inducing apnea and disordered breathing during sleep. 
Received 8 April 1987; accepted in final form 12 May 1988. 
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