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The nasal response to exercise and exercise induced
bronchoconstriction in normal and asthmatic subjects
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ABSTRACT Two studies were carried out to test the hypothesis that the fall and recovery of nasal
resistance after exercise in asthmatic and non-asthmatic subjects are related to the development of
bronchoconstriction after exercise. In study 1 nasal resistance (posterior rhinomanometry) and
specific airway resistance (sRaw) were measured before challenge and one, five, 10 and 30 minutes
after four minutes of exhausting legwork exercise in nine asthmatic subjects and nine age matched
healthy subjects. One minute after exercise there was a reduction in nasal resistance of49% (SD 15%)
from baseline in the healthy subjects and of 66% (17%) in the asthmatic subjects. This response and
the subsequent return ofnasal resistance to baseline values did not differ significantly between the two
groups despite a substantial difference in the change in sRaw, an increase of 74% (45%) in the
asthmatic subjects 10 minutes after exercise, and no change in the non-asthmatic subjects. In study 2,
nasal and specific airway resistances were monitored according to the same measurement protocol in
six subjects with increased airway reactivity. Subjects exercised on two occasions, wearing a noseclip,
once while breathing cold, dry air and once while breathing warm, humid air. The fall in nasal
resistance was similar under both conditions (to 47% and 39% of baseline), though sRaw rose only
after cold air inhalation (to 172% of baseline). The results indicate that the nasal response to exercise
is not related to bronchial obstruction in asthmatic subjects after exercise or to the temperature or
humidity of the air inspired through the mouth during exercise.

Introduction

The nasal response to exercise could be altered by
airway or chest wall neural reflexes evoked by exercise
induced airway obstruction. Studies in anaesthetised
animals have shown that vagal reflexes influence nasal
patency.' As autonomic dysfunction may be a feature
of airway reactivity,23 changes in autonomic activity
might have different effects on the nasal vasculature
volume in those who have asthma following exertion.
This is supported by the findings of Syabbalo et al,4
who examined subjects with asthma and allergic
rhinitis and found that the rate of return of nasal
resistance to baseline after exercise was altered by
bronchoconstriction.
We have carried out two studies to examine whether

exercise induced bronchoconstriction could alter the
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nasal responses to exercise. In the first (study 1) the
time course ofchange in nasal resistance in response to
exercise was measured in age matched groups of
healthy and asthmatic subjects. In the second (study 2)
similar measurements were performed; the condition
of the air inspired via the mouth during exercise was,
however, changed so that the subsequent bronchial
response to exercise in each subject could be altered.

Methods

SUBJECTS
Nine healthy, normal subjects (six male) and 12
asthmatic subjects (six male) participated in the two
studies. All subjects gave written informed consent
before the study, as laid down by the Institutional
Review Board for Human Investigation, University
Hospitals of Cleveland. The asthmatic subjects had a
previous diagnosis ofasthma and a history ofepisodic
wheezing or post-exertional wheezing (or both).5 They
were in a stable condition and could refrain from
taking their medications for at least six and usually (11
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Fig I Natural logarithmic plots ofinspiratoryflow versus

transnasal pressurefor one healthy subject before and one

minute afterfour minutes ofexercise. The dashed vertical line
extendsfrom the logarithmic value of0 4 litres a second.
With exercise there is a parallel shift ofthe relationship to the
right, indicating enlargement ofthe nasal passage.

of 12 asthmatics) 12 hours before being studied.
Healthy subjects were not taking any medication at the
time of study. One healthy subject and six asthmatic
subjects had a history of allergic rhinitis. Before each
study forced expiratory volume in one second (FEV,)
and functional residual capacity (FRC) were
measured and the results compared with predicted
values.6" Healthy subjects had an FRC of85-105% of
their predicted value. The asthmatic subjects had an
FEV, greater than 70% predicted and an FRC less
than 135% of predicted.

NASAL RESISTANCE
Transnasal pressure and bulk flow were measured by
posterior rhinomanometry.8 Pressure and flow were

displayed on the x and y axes ofa storage oscilloscope
(Tektronix 5A18N) and recorded in scalar form
(Graphtec Linearcorder, Mark IV WR3101) and
digitally (1000 Hz) with an IBM XT microcomputer.
Data were recorded for 20 seconds, during which the
subject made inspiratory and expiratory efforts of
varying magnitude through the nose at a rate of
0 2-2 Hz. Subjects were initially coached to achieve
equal flow on inspiration and expiration, even during
maximal efforts. Data were, however, collected from
submaximal efforts at flows where no flow limitation
occurred.
The pressure-flow data were analysed by plotting

inspiratory values of In flow against In pressure'9; in

such a plot changes in the pressure-flow relationships
associated with exercise are seen as a parallel shift in
the In-ln plot (fig 1). We used the pressure at an
inspiratory flow rate of 0 4 litres a second to describe
the position of the ln pressure-ln flow relationship.

SPECIFIC AIRWAY RESISTANCE
Specific airway resistance was measured by body
plethysmography, while the subject was seated,
breathing through the mouth and wearing noseclips.
The product of thoracic gas volume and specific
airway resistance (specific resistance: sRaw) was com-
puted. Five measurements of sRaw were obtained on
each occasion and the result reported is the average of
these values.

PROTOCOLS
All subjects were in the laboratory at least 30 minutes
before baseline tests were performed. Baseline
measurements ofnasal resistance and FEV, were made
before and after measurements of FRC and sRaw.
Body plethysmography did not affect nasal pressure-
flow measurements in any subject, and the mean of the
two control values for nasal resistance was obtained.
Measurements of nasal and specific airway resistance
were repeated at one, five, 10, and 30 minutes after
exercise.
To determine whether the study had any effect on

physiological measurements, a subgroup of six healthy
and three asthmatic subjects went through the
protocol without exercising. There were no significant
changes in sRaw or in nasal resistance in these
circumstances.

Study I
We measured nasal and airway resistance before and
one, five, 10, and 30 minutes after exercise in nine
healthy (Nos 1-9) and nine asthmatic (Nos 10-18)
subjects. The age range was 20-41 years for healthy
subjects and 20-42 years for asthmatic subjects. The
exercise task was four minutes on a bicycle ergometer
(Pedalmate, WE Collins) at a work rate that produced
about 60% of the predicted maximal oxygen consum-
ption for that subject.'0 Exercise was performed with-
out constraining the route of airflow and while the
subject was breathing room air (20-230C, 30-40%
relative humidity). Subjects were able to breathe
through either the mouth or the nose. With brief
exercise, at these workloads, however, they generally
breathed through their mouth."

Study 2
Using the same protocol and exercise task, we
measured nasal and specific airway resistance in five
asthmatic (Nos 15, 19-21) subjects and one healthy
subject (No 6). The asthmatic subjects were chosen
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because they had good lung function (FEV, and FRC
> 85% predicted). The healthy subject was known to
have enhanced bronchial reactivity, responding to
exercise, while breathing cold air, with a 9% fall in
FEV,. Subjects exercised while wearing a noseclip and
breathed only through the mouth. On one occasion the
subjects inspired cold, dry air and on the other they
inspired warm, humidified air. Conditioned air was
generated by heat exchangers.'2 With cold air
challenge temperatures at the mouthpiece were - 0°C
at 10 I/min and - 9°C at 40 I/min, and relative
humidity was below 5%. With warm air challenge
temperatures were 32°C at 10 I/min and 39-5°C at 40 1/
min, and relative humidity was 95-97%. Five subjects
exercised under both conditions on the same day, the
tests being separated by 90 minutes. One subject
exercised under each condition but on separate days.
The order of conditions was warm-cold (n = 4) or
cold-warm (n = 2).

STATISTICS
Results for each group are expressed as means with
standard deviations in parentheses. Comparisons
between groups (study 1) and between challenges
(study 2) were analysed by means of multivariate
analysis of variance on all measurements with a
repeated measures design. The criterion for statistical
significance was p < 0-05. Data on the recovery of
nasal resistance were analysed for each individual to
give the slope of changes in nasal resistance over time
(1-30 min after exercise) and an intercept of resistance
with the time axis was extrapolated on the basis of
values from one to 30 minutes after exercise.

Results*

Study I
Baseline FEV, and FRC were 97% (SD 5%) and 95%
(4%) of predicted for the healthy subjects, and 84%
(10%) and 109% (8%) of predicted for the asthmatic
subjects (p < 0 05 for both). The exercise task was 916
(323) kilopond meters/min (kpm/min) in the healthy
subjects and 752 (213) kpm/min in the asthmatic
subjects. Baseline and post-exercise values of nasal
resistance and sRaw are shown in figure 2. Baseline
nasal resistance, at a pressure of 0'4 I/s, was 1-27 (0-47)
cm H20/l.s in the healthy subjects and 6-21 (1 70) cm
H20/l.s in the asthmatic subjects (p < 0.05). The
corresponding baseline measurements of specific air-
way resistance (sRaw) were 4-76 (0.41) cm H20/s and
8-59 (3 06) cm H20/s respectively. The difference in
nasal resistance and sRaw between the healthy and

Conversion: Traditional to SI units-Nasal airway resistance: I cm
H20/l.s = 0098 kPa/l.s; specic airway resistance: 1 cm H20.s
= 0-098 kPa.s; power (exercise task): I kpm/min = 0-164 watts
= 0-164J/s.
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Fig 2 Protocol 1: (grouped values (mean and SD)) for
nasal resistance and airway resistance (sRaw) before
(baseline) and at the specified times after exercise. Open bars
represent valuesfrom healthy subjects and hatched bars
valuesfrom asthmatic subjects. +p < 0 01, *p < 0 05 in
the comparison with baseline values.

asthmatic subjects were significant at each time of
measurement.

Exercise caused no significant change in sRaw in the
healthy subjects; a significant fall in nasal resistance
was, however, seen one minute after exercise (49%
(15%) of baseline). This was relatively unchanged five
and 10 minutes after exercise (fig 3) but had returned
to baseline values by 30 minutes.

In the asthmatic subjects exercise resulted in a
significant increase in sRaw five minutes after exercise
(171% (45%) of baseline; p < 0 01); the increase was
maintained five and 10 minutes after exercise but was
less at 30 minutes (fig 3). There was a significant fall in
nasal resistance beginning one minute after exercise
(66% (17%) from baseline; p < 0-01), and this slowly
returned to baseline between five and 30 minutes after
exercise.
Although the percentage change in sRaw was

significantly higher in the healthy subjects five, 10, and
30 minutes after exercise, the fall in nasal resistance
after exercise did not differ significantly between the
two groups. Nasal resistance had returned to baseline
values 30 minutes after exercise in both groups. The
mean slope of recovery in nasal resistance and the
extrapolated intercept showed large intersubject
differences in both groups, particularly the asthmatic
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Fig 3 Protocol 1: Changes, expressed as percentages (mean and SD) ofbaseline values, in nasal resistance at 0-4 I/s
(circles) and specific airway resistance (squares) before (B) and at the specified times after exercise. Valuesfor
healthy subjects are on the left andfor asthmatic subjects on the right. +p < 0 01 in the comparison with baseline
values.
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Fig 4 Protocol 2: Changes, expressed as percentages (mean and SD) ofbaseline (control) values, in nasal resistance
at 0-4 I/s (circles) and specific airway resistance (squares) before (B) and at the specified times after exercise. Results
from trials using cold air during exercise are shown on the left and resultsfrom trials using warm air on the right.
+p < 0 01.
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group, and no significant difference between the
groups.

Study 2
FEV, and FRC for the six subjects in study 2 were 91%
(SD 4%) and 102% (3%) of predicted. Baseline nasal
resistance was 2-60 (I11) cm H,O/l.s before exercise
with cold air and 2-53 (0 87) cm H,O/l.s before exercise
with warm, humid air (p = 0.07). Values ofsRaw were

also similar, 4-69 (0 88) and 5 39 (1-41) cm H2O/s
respectively. The exercise task for each individual was
identical under the two conditions, the mean workload
of 858 (297) kpm/min representing 53% (12%) of
predicted maximal oxygen consumption. Results from
the subject without a history ofasthma were within the
ranges observed in the five asthmatic subjects, so
results were pooled.
sRaw was unchanged when exercise was performed

with the subjects inspiring warm, humid air (fig 4). It
rose when the subject exercised breathing cold air to
172% (84%) of baseline at five minutes and to 152%
(57%) ofbaseline at 10 minutes. Nasal resistance fell in
both studies, by 47% (20%) one minute after exercise
with cold air and by 39% (24%) after exercise with
warm air. There was no significant difference between
cold and warm air in the maximum reduction in nasal
resistance or the fall one, five, and 10 minutes after
exercise or in the slope or extrapolated intercept of
recovery in nasal resistance.

Discussion

These results show that the nasal response to exercise
occurs irrespective of the bronchoconstrictor response
to exercise. Several factors might have contributed to
this finding. The asthmatic subjects required higher
transnasal pressures than the healthy subjects to
achieve the same flow, possibly because four of the
asthmatic patients had a history of allergic rhinitis.
This could also account for the higher variability in the
nasal response in asthmatic subjects, though it did not
cause a significant difference in the change in nasal
resistance with exercise between the two groups.

Syabbalo et al 4 have examined the effect of exercise
on the nose and lower airways in subjects who did and
did not develop bronchoconstriction in response to
exercise. They used different methods to assess the
healthy and asthmatic subjects, however. Healthy
subjects performed exercise on a cycle ergometer and
their airway response was measured as change in
FEV,; the asthmatic subjects performed treadmill
exercise and their airway response was measured as

change in peak expiratory flow (PEF). The nasal
response in their study was measured in the same way
in the two groups, as the transnasal pressure that
developed with a constant flow through the nose of

Strohl, Decker, Olson, Flak, Hoekje
0 4 I/s. They found that post-exercise recovery in nasal
resistance occurred more quickly in subjects who
developed bronchoconstriction in response to exercise
than in those who did not. Our experimental methods
and exercise task were similar for the two groups in
study I and we found little systematic difference
between the nasal responses in the two groups.
There are no obvious clinical or physiological

factors that could have obscured a difference between
the asthmatic and healthy subjects. The similarity
cannot be accounted for by an overlap in the history of
allergic rhinitis or atopy or in nasal resistance. It could
represent the effects of competing autonomic reflexes
(sympathetic outflow to nose and parasympathetic
output to the airways), but there is little evidence that
exercise induced bronchoconstriction results from
reflexes from the exercise task as such.'3"14 Exercise
induced humoral influences could have resulted in the
similar nasal responses. Richerson and Seebohm,9
however, showed that blockade of the cervical sym-
pathetic activity in man blocked the fall in nasal
resistance, suggesting that circulating substances do
not cause the fall in nasal resistance in response to
exercise in healthy subjects. The nasal responses in
asthmatic and healthy subjects may have a different
basis, but this is unlikely.

In study 2 we examined the nasal response to an
identical exercise task performed under two different
conditions of inspired air, designed respectively to
provoke and to attenuate exercise induced broncho-
constriction.3 Control values for nasal and airway
resistance differed from those in study 1. Subjects were
chosen on the basis ofgood baseline lung function and
known airway sensitivity to cold air challenge, which
accounts for difference in control values. Subjects
wore a noseclip and breathed through a mouthpiece
while exercising. The use of noseclips during exercise
has an insignificant effect on the nasal response to
exercise8; it did, however, give the opportunity to alter
the conditions of inspired air during exercise and
modify the subsequent bronchial response.'2 As expec-
ted, 12-14 exercise while the subject was breathing cold,
dry air caused bronchoconstriction whereas exercise
with the subject breathing warm, humid air did not.
The magnitude and time course of changes in nasal
resistance with exercise, however, were similar regard-
less of the condition of inspired air during exercise and
regardless of whether airway narrowing occurred.
These results suggest that bronchoconstriction follow-
ing exercise does not modify the time course of
changes in nasal resistance. Vagally mediated reflex
effects, proprioceptive reflexes from the chest wall, or
cardiovascular eflects of bronchoconstriction are
therefore unlikely to have a major influence on nasal
resistance under these conditions.
As the fall in nasal resistance with exercise was
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uninfluenced by the condition of inspired air, pharyn-
geal, laryngeal, and tracheal reflexes'5 evoked by
changes in temperature or humidity of the inspired air
are also unlikely to influence the nasal response to
exercise. Breathing cold air through the nose is known
to result in nasal congestion, a response thought to aid
in the heating and humidification of air through the
nose.'6
Our results indicate that asthmatic subjects have a

nasal response to exercise similar to that of healthy
subjects. As neither bronchoconstriction after exercise
nor thermal conditions of the airstream in the mouth,
pharynx, and trachea during exercise altered the
pattern of change in nasal function after exercise,
exercise is likely to have caused a sympathomimetic
reduction in airway resistance both in healthy and in
asthmatic subjects, with the bronchial response to
exercise predominantly a local phenomenon.
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