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Abstract
Introduction: The premise of this study is that conversion from mouth breathing to nasal breathing will reduce or eliminate the 
symptoms of exercise-induced bronchospasm in most of the affected patients.

Methods: This is a prospective, single arm, non-blinded study involving 50 patients aged 7-64 years who mouth breath during 
exercise and have symptoms of exercise-induced asthma. All patients underwent nasal surgery to include uncinectomy, anterior 
ethmoidectomy, bilateral inferior turbinate reduction, nasal swell body reduction and septoplasty and adenoidectomy as indicated. 
Pre and 3-month post-surgery symptom scores were obtained using NOSE and SNOT-22 scores for Sino-nasal symptoms and the 
Mini Asthma Quality of Life Questionnaire (Mini-AQLQ) and Exercise-Induced Bronchoconstriction Survey (EIBS) for bronchospasm 
symptoms scores. The primary outcome measure is the change in the symptom scores of the 4 questionnaires after nasal surgery. 
Secondary outcome is the correlation between the sino-nasal outcome and bronchospasm symptom scores. Wilcoxon signed rank 
test and Pearson correlation tests were done using SPSS software.

Results: 33 patients completing the survey; 16 male, 17 female, ages 8-59 (Mean 30 SD 14.8). There is a statistically significant im-
provement in all 4 metrics after nasal surgery: EIBS (p < 0.001), Mini AQLQ (p < 0.001), SNOT-22 (p < 0.001) and NOSE (p < 0.001). 
Pearson Correlation testing indicated a statistically significant positive correlation of symptom improvement on EIBS and Mini AQLQ 
scores with the SNOT-22 and NOSE scores.

Conclusions: Surgical correction of mouth breathing can reduce and/or eliminate symptoms of exercise induced bronchospasm in 
all ages. There is also a statistically significant correlation between mouth breathing due to nasal obstruction and exercised induced 
bronchospasm.
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Exercise and sport activities are beneficial to maintain a healthy 
life and are common among many adults and children. During ex-
ercise, proper nasal breathing is important for both enjoyment 
and performance. However, in the presence of nasal obstruction, 
mouth breathing bypasses the nose and deprives the inspired air 
from being filtered, warmed and humidified by the nasal mucosa 
[1]. Therefore, these important nasal functions do not occur when 
nasal obstruction leads to mouth breathing [2]. This process is 
exacerbated during exercise and consequently a fair number of 
people who mouth breath during exercise (both asthmatics and 
non-asthmatics) develop significant pulmonary symptoms akin to 

asthma: chest tightness, cough, wheezing, shortness of breath or 
voice change. This condition is called exercise induced bronchocon-
striction or EIB.

Mangla., et al. found that nasal breathing is important in pre-
venting exercise induced bronchoconstriction compared to mouth 
breathing [3], and Izuhara Y., et al. found that mouth breathing can 
independently increase the morbidity of asthma [4]. Nasal obstruc-
tion has many causes such as nasal valve narrowing, septal devia-
tion, enlarged turbinates and swell bodies, nasal masses, nasal mu-
cosal disease like chronic sinusitis and allergic rhinitis, and nasal 
polyps.
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EIB is defined as acute airway narrowing occurring because 
of exercise and can affect chronic asthmatics and non-asthmatics 
alike.5. EIB was recognized in 1960 when it was noticed that some 
asthmatic patients had reversable decrease of their forced expira-
tory volume (FEV1) when exercising for 10-15 minutes [6]  and 
was called exercise induced asthma [7]. In 1970 this term was 
changed to exercise induced bronchoconstriction EIB [8,9]. EIB 
symptoms can start immediately or 10-15 minutes after starting 
exercise and subside within approximately 60 minutes [9].

The prevalence of EIB is 5-20% in the general population [10], 
and it is greater in high-performance athletes than in the general 
population owing to prolonged inhalation of cold, dry air along 
with the increase in air pollution [9,11]. EIB affects a patient’s abil-
ity to exercise and negatively impacts their quality of life [12] by 
often depriving them from participating in the sport they love. For 
many patients, EIB is a challenging health issue that compromises 
their performance, limits their choice of exercise, and often re-
quires the use of bronchodilators during sport. The osmotic theory 
helps explain why inhalation of dry unprepped air triggers EIB and 
supports our theory that re-establishing nasal breathing will im-
prove EIB.

The osmotic theory states that increased ventilation of the low-
er airways by dry, cold and unfiltered air during exercise causes 
more dehydration and irritation of the lower airways, which in 
turn creates a hyperosmolar environment. This consequently trig-
gers mast cell degranulation of mediators such as leukotrienes, 
prostaglandins, histamine, and tryptase which consequently initi-
ate smooth muscle contraction and inflammation of the airway - 
the hallmark of EIB [13]. Creating a hyperosmolar environment in 
the lower airways by using hyperosmolar agents such as mannitol 
can induce EIB without the need for exercise.

EIB is suspected by self-reported bronchoconstriction symp-
toms during or after exercise and confirmed by objective measures 
like spirometry during or after exercise and the reversibility of air-
way obstruction by bronchodilators [13].

Typical symptoms of EIB include wheezing, shortness of breath, 
dyspnea, cough, or chest tightness during or after exercise. These 
symptoms usually occur during strenuous exercise and peak about 
five to 10 minutes after exercise. Additional symptoms include fa-

tigue, feeling out of shape, feeling unable to keep up with peers, and 
abdominal discomfort [11].

When the patient experiences the previously mentioned symp-
toms during exercise, EIB should be considered, however a proper 
diagnosis of EIB should include changes in pulmonary function 
tests induced by exercise. A greater than 10% reduction in Forced 
Expiratory Volume in 1 second (FEV1) after exercise compared to 
their baseline at rest is considered diagnostic of EIB. EIB severity 
can be graded based on the percent change in FEV1: Minor (>=10% 
but< 25%), Moderate (>=25% but <50%), and severe (>=50%) [5]. 

Alternatively, substitutes for exercise such as eucapnic voluntary 
hyperpnea, hyperventilation, and hyperosmolar aerosols (4.5% sa-
line or dry powder mannitol) can be used to test for EIB in lieu of 
exercise.

EIB should be differentiated from the following: Exercise-in-
duced laryngeal dysfunction, Exercise-induced hyperventilation, 
Obstructive/Restrictive lung disease, Exercise-induced anaphylax-
is, cardiovascular-pulmonary-gastrointestinal disease-exertional 
GERD, and psychological causes. The most effective pharmacologic 
treatment of EIB is Beta-2 agonists before exercise or for relief once 
the symptoms start. Other treatments include mast cell stabilizers 
and leukotriene inhibitors. Non-pharmacologic therapy such as 
warming-up before exercise can help reduce the severity of EIB 
[13]. However, the best treatment is one that addresses the root 
cause of EIB, which is to relieve nasal obstruction and eliminate 
mouth breathing.

This study is the first of its kind to evaluate the reversibility 
of EIB after relief of nasal obstruction and elimination of mouth 
breathing in adults and children who exercise regularly. Currently, 
the main treatment for EIB is the use of bronchodilators before, 
during, and/or after exercise [13]. This study will confirm the im-
portance of nasal breathing during exercise and minimize the over 
treatment and misdiagnosis of “asthma” in these patients. 

Methods
Study design

Prospective IRB approved non-blinded, non-controlled single 
arm study involving 50 patients with nasal obstruction and EIB 
evaluated at our institution who underwent corrective upper air-
way surgery between 5/2023-6/2023. 
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Inclusion and exclusion criteria
Inclusion criteria: All willing males and females aged 7-64 

years, of all ethnicities, asthmatic or non-asthmatic, diagnosed 
with EIB or with history of EIB symptoms who also have nasal ob-
struction and mouth breathing during exercise. 

Exclusion criteria: Males and females < 7 years and > 65 years, 
cognitively impaired patients, pregnant or lactating women, pris-
oners, and critically ill patients. 

Treatment protocol
Patients with nasal obstruction confirmed by history, physical 

exam, and CT imaging of the sinuses requiring upper airway sur-
gery were screened for symptoms of EIB and were consented in 
writing for participation in the study.

They were provided by 4 baseline questionnaires

•	 EIB symptom score: (A non-validated questionnaire); devel-
oped by the research team based on the definition of EIB, and 
included 5 symptoms, each with the following severity scale: 
absent, mild, moderate, and severe, and included the type of 
exercise, the duration the patient can continue exercising af-
ter the onset of EIB symptoms, and the average duration of 
exercise (Figure 1).

•	 Sino-nasal outcome test (SNOT-22): A validated outcome 
metric to assess sino-nasal symptoms.

•	 Nasal Obstruction and Septoplasty Effectiveness 
Scale (NOSE score): a validated outcome metric to assess na-
sal patency.

•	 MiniAQLQ (mini asthma quality of life questionnaire): A 
validated questionnaire14 to assess QoL issues related to EIB 
and asthma.

Questionnaires were filled by the patients or their legal guard-
ian before surgery, and 4-5 months after recovery from surgery. 
The surgery included a combination of the following: septoplasty, 
endoscopic sinus surgery, inferior turbinate reduction, cryothera-
py, nasal swell body reduction, tonsillectomy and adenoidectomy. 
(Table 1) After surgery, patients were asked not to use their rescue 
inhaler before or during exercise unless it was necessary, and to 
record when doing so. 

•	 Primary outcomes: Change in the EIB symptom score and 
MiniAQLQ score after upper airway surgery compared to 
baseline.

•	 Secondary outcome: The correlation between the change 
in EIB symptom score and MiniAQLQ and the change in the 
SNOT-22 and NOSE scores after upper airway surgery.

Data collected
The following items were assessed: age, gender, type of upper 

airway surgery, the need to use bronchodilator after or during exer-
cise, type of exercise, the duration the patient can continue exercis-
ing after the onset of EIB symptoms, the presence of accompanying 
atopy, asthma, LPR, and the average daily exercise duration were 
assessed before and after surgery. 

The mean score for all items of MiniAQLQ was calculated and a 
difference of > 0.5 (range: 0.42-0.58) was considered significant, 
and it was further subcategorized as follows

•	 A difference of 0.42-0.58 on the 7-point scale was considered 
minimal; a difference of 0.77-1.51 is considered moderate; and 
a difference > 1.5 represented a large change [15,16]. (Table 2)

•	 The nose surgery was considered successful if 
the NOSE score dropped >40% after surgery. 20  
The minimal clinical important difference in SNOT-22 was 9 
[21]. 

SPSS V29.0.0.0 was used to perform the statistical analysis of 
the study

•	 Wilcoxon signed-rank test was used to study statistical signifi-
cance of change in SNOT-22, NOSE, EIB and total MINIAQLQ 
before and after surgery. Bivariate correlation between the 
change in EIB score, MiniAQLQ score, SNOT-22 and NOSE 
score after surgery was also done.

•	 Anova test was used to study the differences between sub-
groups (Adult vs Kids, Asthmatic vs non-Asthmatic, Atopic vs 
non-atopic, etc.) McNemar Test and Chi-square test were used 
to analyze inhaler usage before and after surgery. 

Results
A total of 50 patients completed the study: there were 14 chil-

dren (28%), and 36 adults (72%); 27 males (54%) and 23 females 
(46%); 24 asthmatics (48%) and 26 non-asthmatics (52%). The 
mean age was 28.48 years (SD 13.9).
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Figure 1: EIB symptom questionnaire.

Name of procedure Number of patients Percentage of patients
Bilateral inferior turbinate reduction 50 100%

Endoscopic sinus surgery 49 98%
Septoplasty 49 98%

Nasal swell body reduction using radiofrequency ablation 33 66%
Cryotherapy of posterior nasal nerve 19 38%

Adenoidectomy 8 16%
Tonsillectomy 2 4%

Nasal valve repair 2 4%

Table 1: Breakdown of surgical procedures.
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Change of mean AQLQ Category Number of patients Percentage
- Worse 5 10%

0.42< no change 13 26%
0.42-0.58 minimal significant change 5 10%
0.77-1.51 Moderate significant change 16 32%

>1.5 large significant change 11 22%
 

Total 50 100%

Table 2: Changes in Mini-AQLQ after nasal surgery.

Based on the mean AQLQ15 , the percentage and degree of im-
provement is shown in table 2.

When comparing the improvement in EIB after surgery regard-
ing age groups: 66.7% of adults and 64.3% of minors improved, 
and there was no statistical difference in the ANOVA test between 
the 2 age groups.

The percentage of patients who had improved with Cryotherapy 
was greater than the number of patients who improved and did not 
receive Cryotherapy (Table 3). This difference was statistically sig-
nificant via ANOVA (p < .05).

Table 3: Improvement after Cryotherapy.

In addition, there is a significant difference in post-op NOSE 
score improvement between patients receiving Cryotherapy and 
those who did not (p < .002). (Table 4) This did not hold true for 
SNOT-22 scores.

Interestingly, patients with LPR had less improvement in their 
EIB questionnaire compared to patients without LPR (Table 5) and 
this difference between groups was statistically significant per 
ANOVA testing (p < .05).

Table 4: ANOVA test of NOSE scores between those receiving 
Cryotherapy and those who did not.
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Table 5: EIB Improvement with and without the presence of LPR.

By using Wilcoxon Signed Rank Test (a nonparametric test), 
the changes in mean MiniAQLQ score, total MiniAQLQ score, EIB 
symptom score, SNOT-22, and NOSE scores before and after nasal 
surgery were statistically significant (p < 0.001). (Table 6-10).

Table 6: Mean Mini-AQLQ.

Table 7: Total Mini-AQLQ.

Table 8: EIB questionnaire.

Table 9: SNOT-22 Scores.

Table 10: NOSE scores.

The duration the patient could continue exercising after the on-
set of EIB symptoms was increased after surgery and this increase 
was statistically significant (p < .001): (Tables 11 and 12).

Duration of ability to exercise 
after EIB onset

Number of 
patients

Percentage

Increased 26 52%

No change 16 32%

Decreased 8 16%

Table 11: Change in exercise tolerance after surgery.

Table 12: Statistical difference in exercise tolerance.
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Inhaler usage during exercise
Based on McNemar Test and Chi-square Test Number of pa-

tients requiring a rescue inhaler during exercise before surgery 
dropped from 22 (44%) to 7 (%14) after surgery (Table 13) and 
this difference was highly statistically significant (p < .001).

ANOVA showed that children had a statically significant im-
provement in the average duration of exercise after surgery com-
pared to adults (p < .05); however, there was no difference between 
the 2 age groups regarding improvement in mean MiniAQLQ, total 
MiniAQLQ score, and the ability to continue exercise after onset of 
EIB symptoms after surgery. 

Table 13: Inhaler use after nasal surgery.

Both asthmatic and non-asthmatic patients improved equally 
with respect to Mini AQLQ, EIB symptom score, duration of exer-
cise, and time to onset of symptoms. There was also no difference 
in outcomes with respect to atopics and non-atopics for each of the 
same metrics.

Lastly, we compared the average change in NOSE scores be-
tween those with an improvement in EIB vs those who did not im-
prove in EIB. We made the same comparison using NOSE scores 
vs AQLQ scores. In both comparisons, the average NOSE scores for 
those showing improvement in EIB or AQLQ were statistically bet-
ter than those who did not show improvement (p < .05). 

Discussion
This study evaluated the effects of corrective upper airway sur-

gery on patients with symptoms of EIB; a health issue affecting the 
quality of life of many patients and preventing them from engaging 
in the sports they love and achieving their exercise goals.

Our results show that exercise tolerance and EIB symptoms 
were improved in both adults and children after nasal surgery to 
a similar degree (p>.05) therefore correcting nasal obstruction 
is effective in all ages. Most of the outcome metrics we reviewed 
showed a statistically significant improvement after nasal surgery. 
These include:

•	 We found a statistically significant improvement (p < .001) in 
EIB symptom scores, mean Mini AQLQ scores, and total Mini-
AQLQ scores after nasal surgery which supports our premise 
that treating nasal blockage and eliminating mouth breathing 
can reduce and improve symptoms of EIB. 

•	 When studying the change in mean AQLQ alone we found 
30 patients (60%) had significant improvement, 13 patients 
(26%) had no impact, and 5 patients (10%) scored worse. 
These results demonstrate that correcting nasal obstruction 
and mouth breathing is beneficial for most patients with EIB. 

•	 The increase in the time a patient could continue to exercise 
after the onset of EIB symptoms was statistically significant 
overall (p<.05), increasing in 27 patients (52%), remained 
unchanged in 16 patients (32%) and decreased in 8 patients 
(16%) after surgery. 

•	 The number of patients with EIB requiring an inhaler during 
exercise dropped from 22 (44%) before surgery to 7 (14%) 
after surgery. Thus, 15 patients (30%) no longer needed bron-
chodilators and after surgery. 

•	 Patients requiring cryotherapy had better outcomes than 
those not receiving cryotherapy. This suggests that treating 
allergic and non-allergic rhinitis is an important component 
of improving the nasal airway, especially in athletic patients.

•	 NOSE scores, a validated subjective metric of nasal obstruc-
tion, improved most in patients who had better exercise tol-
erance after surgery. While all NOSE scores improved after 
surgery, those with a better nasal airway (better NOSE scores) 
after surgery had better exercise tolerance.

•	 The average duration of daily exercise for patient before and 
after surgery increased in 17 patients (34%), did not change 
in 22 patients (44%), and decreased in 11 patients (22%) after 
surgery. However, this difference was not statistically signifi-
cant. 
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contemporary emphasis on the correction of mouth breathing be-
cause of the adverse effects it has on many other health concerns, 
we should be able to determine the incidence of habitual mouth 
breathing in the near future. 

Another potential explanation is the finding that the average 
NOSE scores for those who improved their EIB and/or AQLQ was 
significantly better than those who did not improve. This supports 

our clinical experience and the importance of obtaining a great 
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patients, most of them will show a reduction or elimination of the 
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gery in treating EIB. 

Conclusions 
Surgical correction of mouth breathing during exercise can 

reduce and/or eliminate symptoms of exercise induced broncho-
spasm in all ages. There is a statistically significant correlation 
between mouth breathing due to nasal obstruction and exercised 
induced bronchospasm. The likelihood of improvement correlates 
with the patient’s improvement in NOSE scores.
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