
Increased Exhaled Nitric Oxide in
Wind and Brass Musicians

Anita Fuhrmann, BMusEd (Hons), PhD1,2,
Graham Hall, BApplSci, PhD3, and Peter Franklin, BSc (Hons), PhD1

Abstract
Playing a wind or brass (W/B) instrument is considered a strenuous activity for the respiratory system. Exhaled nitric oxide
(FeNO) is a potential marker of airway inflammation, and the aim of this study was to compare levels of FeNO between W/B
musicians to a group of people who did not play these instruments. Eighty-three (41 male) nonsmoking, nonasthmatic subjects,
aged between 18 and 60 years, participated in the study. Forty-one played a W/B instrument, and 42 either played a non–wind/
brass (NW/B) instrument or no instrument at all. Subjects completed a respiratory health questionnaire, height and weight mea-
surements, skin prick tests (SPTs), and FeNO measurements. FeNO levels were increased in W/B musicians compared to NW/B
subjects (23.6 ppb and 18.1 ppb, respectively). After adjusting for age, sex, height, and degree of atopy, this difference approached
statistical significance (P ¼ .06). Increased FeNO may indicate subclinical airway inflammation in W/B musicians.
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The playing of wind and/or brass (W/B) instruments has been

described as a particularly strenuous activity for the respiratory

system.1 Whether such an activity is associated with some form

of airway inflammation is a question that has remained unre-

solved since a study by Plamenac and Niculin2 in 1969 reported

evidence of bronchial cell atypia among W/B musicians. In that

study, the authors examined sputum samples from 30 W/B

musicians and observed pulmonary macrophages showing signs

of irritation, a large quantity of leukocytes, and evidence of eosi-

nophilia among other indicators of epithelial cell damage.2

Fractional exhaled nitric oxide (FeNO) has been proposed as a

marker of eosinophilic airway inflammation.3 This study aimed

to compare W/B musicians’ FeNO to a group of non–wind or

brass (NW/B) musicians and nonmusicians. It was hypothesized

that FeNO would be higher among W/B musicians.

Methods

Participants within the age range of 18 to 60 years who were

nonsmokers and who reported no current asthma or other

chronic respiratory conditions were recruited for the study. All

subjects were at least 3 weeks clear of any respiratory infection

at the time of testing. Participants were classified as W/B musi-

cians if they played W/B instruments regularly (�5 h/wk for

�2 years). Musicians who played only NW/B instruments and

subjects who did not play any musical instruments were classi-

fied as NW/B participants.

Subjects completed a respiratory health questionnaire,4 and

height and weight were measured. Atopy was determined using

skin prick tests (SPTs). Atopy is an important factor affecting

FeNO concentrations even in healthy adults5 and therefore

needs to be considered when measuring FeNO. Subjects were

assessed for 7 allergens including the following: cow’s milk,

egg white, rye grass, mixed grass, cat hair, dog hair, house dust

mite (Dermatophagoides pteronyssinus and Dermatopha-

goides farinae), alternaria, and aspergillus. Histamine,

10 mg/mL concentration, was used as a positive control. A pos-

itive response to an allergen was defined as a weal equal to or

greater than the positive control. Participants were classified as

either atopic (�1 positive SPT response) or nonatopic (no pos-

itive SPT responses). Exhaled NO was measured on a fast

response chemiluminescence analyzer (CLD88, Eco Medics,

Duernten, Switzerland) using the single-breath online collec-

tion method according to international guidelines.5 Briefly,

subjects were asked to inhale to total lung capacity and then

exhale for as long as they could, maintaining an expiratory flow
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of 50 mL/s. Subjects breathed against a resistance to ensure

closure of the vellum to minimize contamination from the nasal

passages.6 The mean of 3 acceptable plateaux was recorded for

each participant.

Exhaled NO data were natural-log transformed to approx-

imate a normal distribution. Comparisons were made between

W/B and NW/B participants for age, height, sex, and atopy

using t tests and w2 analyses. Multiple linear regression was

then used to compare groups for FeNO, adjusting for sex, age,

height, and atopy. All of these factors have been associated

with FeNO7,8 and therefore were included a priori in the

model.

Further analysis was carried in the W/B group to investigate

if there were differences in FeNO based on maximum intraoral

pressures required for playing a particular instrument. The Stu-

dent t test was used to compare FeNO in the W/B musicians who

played instruments requiring high intraoral pressures (trumpet,

French horn, trombone; highest pressure >100 mm Hg) to

those who played instruments requiring lower pressures (tuba,

flute, saxophone, oboe, bassoon, clarinet; highest pressure

<100 mm Hg). The categorization of W/B musicians by intraoral

pressures was based on the work of Bouhuys9.

Results

Eighty-three subjects (41 male) were recruited for the study.

Forty-one (22 male) were W/B musicians, and 42 (19 male)

were NW/B subjects. The W/B and NW/B participant groups

were similar in terms of height, atopy, and sex (Table 1). On

average, the W/B musicians were slightly but not significantly

younger than the N/W participants (Table 1). The geometric

mean FeNO for W/B musicians was 23.2 parts per billion (ppb)

for W/B musicians and 18.9 ppb for NW/B participants

(Table 1). After adjusting for all other variables, the difference

between the 2 groups approached statistical significance

(P ¼ .06).

Within the W/B group, there was no significant difference in

FeNO between musicians who played instruments requiring

high maximum intraoral pressures (n ¼ 16) compared to those

who played low pressure instruments (n ¼ 25). Mean FeNO

was 20.8 ppb and 24.8 ppb, respectively (P ¼ .64).

Discussion

Previous research by Plamenac and Niculin2 has suggested that

W/B playing may be associated with some form of airway

inflammation, evidenced by bronchial cell atypia among these

musicians. That was based on the analysis of sputum samples

from 30 healthy wind musicians. However, there was no com-

parison group. We used FeNO as a potential marker of airway

inflammation and observed marginally higher FeNO among

W/B musicians compared to NW/B participants. As all subjects

were healthy with no known respiratory disease, this may sup-

port the earlier findings2 of subclinical inflammation in W/B

musicians.

Exhaled NO has been proposed as a marker of eosinophilic

airway inflammation.3 There are good data demonstrating a pos-

itive association between FeNO and eosinophils in sputum,10

bronchoalveolar lavage,11 and bronchial biopsy inflamma-

tion.12 However, the relationship between FeNO and airway

eosinophils is not always consistent, and there is still discussion

as to whether FeNO truly is a marker of eosinophilic inflamma-

tion.13 Interestingly, FeNO has often been reported to be

increased in response to environmental14 and occupational15

exposures. The inflammatory responses with these environmen-

tal exposures are not all characterized by eosinophilia, and there-

fore, the mechanism(s) for raised FeNO may also be varied.

It is not known if the observed increase in FeNO reflects sub-

clinical inflammation among W/B musicians or some other

aspect of airway pathology. Musicians take deep and rapid inha-

lations followed by sustained expiration against resistance.16 It

is conceivable that the physiology of W/B playing could have

some detrimental impact on the airways. Although the subgroup

numbers were small, there was no evidence that playing a W/B

instrument that can create high intraoral pressures was associ-

ated with higher FeNO than lower pressure instruments. The

physiology of playing W/B instruments is complex, and maxi-

mal intraoral pressures alone may not adequately determine the

Table 1. Participant Demographics and Fractional Exhaled Nitric Oxide (FeNO) Between Non–Wind/Brass (NW/B) and Wind/Brass (W/B)
Subjects

Variable
NW/B

(n ¼ 42)
W/B

(n ¼ 41) Comparison

Age,a y 34.8 + 11.5 (19-61) 30.3 + 11.6 (18-60) NS
Height,a cm 170.8 + 7.8 (154-183) 171.1 + 8.1 (155-186) NS
Atopicb 21 (47%) 21 (49%) NS
Sex (M)b 19 (42%) 22 (50%) NS
FeNO,c ppb 18.9 + 16.4 (5.4-86.1) 23.2 + 16.3 (7.2-86.1) b ¼ 0.24 ppbd

95% CI, –0.01 to 0.49
P ¼ .06d

NS ¼ not significant; CI ¼ confidence interval.
a Mean + standard deviation (range).
b n (%).
c Unadjusted geometric mean + standard deviation (range).
d Multiple linear regression b and P values based on ln(FeNO) transformed data, adjusted for age, sex, height, and atopy.
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potential strain on the lungs and airways. A larger group of W/B

musicians using instruments with varying pressure/flow profiles

would be required to investigate this further.

The increase in FeNO observed among W/B musicians in the

current study was fairly small and was not associated with clin-

ical outcomes. However, this is consistent with the previous

findings of Plamenac and Niculin,2 who also reported evidence

of airway inflammation among healthy W/B musicians. Due to

the cross-sectional nature of this study, it is not possible to ascer-

tain whether the physical practice of W/B playing has a role in

this increase in FeNO or whether the results reflect inherent

differences between the participant groups due to other factors

that could not be controlled in the study. Further research is

needed to confirm this observed increase in FeNO among W/B

musicians and to pinpoint possible mechanism(s) if it truly exists.
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