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ABSTRACT:  The aim of this study was to determine whether the addition of cold,
dry, inspired air to maximum heart rate (MHR) exercise increased the number of
subjects demonstrating abnormal airway narrowing, when applied to symptom-free
army recruits with a history of asthma in childhood.

One hundred recruits with a history of asthma in childhood underwent two exer-
cise challenges to maximum heart rate, breathing either room air or cold dry air
in randomized order.  The percentage fall index (%FI) was calculated for each chal-
lenge, a positive result being ≥15%.

A total of 29 subjects had a positive % fall index, 12 subjects were positive to
both challenges, 7 to the room air alone and 10 to the cold air challenge alone.  In
these subjects (n=29), the mean (SD) % fall index to the cold air challenge was 22.7
(11.0)% compared with 16.3 (9.5)% for the room air challenge.

We conclude that when employed as a screening test for abnormal airway nar-
rowing, the addition of cold, dry, inspired air during exercise does not increase the
number of subjects with a positive response, but the magnitude of the response is
increased.
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In Britain, active asthma is the cause of approxi-
mately 50 medical discharges from the army per year,
representing one in 3,400 of the serving population.  In
addition, asthma accounts for approximately 100 hospi-
tal admissions and 1,000 noneffective days per year [1].
This study was designed and conducted as part of an
attempt to reduce these figures.

Asthma is recognized as a common condition affect-
ing 5–10% of individuals [2].  Although it is not an
impediment to many occupations, army life is unsuitable
for asthmatics.  Exercise, adverse weather conditions,
stress and cigarette smoke are all unavoidable, and sol-
diers must be fully fit without relying on regular medic-
ation.  It is, therefore, important to detect active asthmatics
at the first screening medical examination that all poten-
tial recruits undergo.  Our normal practice is to reject as
unfit for service, those with active asthma or episodes
of wheeze requiring treatment within the previous 4 years.

The situation is further complicated by the fact that
asthma occurring during childhood often remits in
adolescence, only to return during early adult life, a time
when a soldier's career is starting to develop.  Therefore,
it is important to identify those recruits with a history of
asthma who are liable to relapse, whilst not denying entry
to those who are able to meet the challenges of a sol-
dier's profession.

History taking and clinical examination are an inade-
quate screening procedure under these circumstances [1].

It has been standard practice for those with a history of
asthma in childhood to undergo an exercise challenge at
their maximum heart rate (MHR).  They are not accept-
ed for service if the challenge provokes abnormal air-
way narrowing (see below).

The asthmatic response to exercise is augmented by
breathing cold, dry air [3, 4].  The aim of this study was
to determine whether breathing cold, dry, inspired air
during MHR exercise increased the number of subjects
demonstrating abnormal airway narrowing when applied
to symptom-free recruits with a history of asthma in
childhood.

Subjects and methods 

Subjects

This study is based on a sample of sequentially referred,
potential recruits with a history suggestive of asthma in
childhood.  We were unable to access the medical record
of every potential recruit, and relied on a questionnaire
completed at the initial medical examination to uncover
any history suggestive of this condition, e.g. wheeze,
cough, dyspnoea on exertion, and previous use of inhalers.
Prior to entry into the study, each subject was interviewed
by one of the research team (DGS, NAH, CRW) to
confirm, as far as possible, the accuracy of the history.



One hundred subjects gave informed consent to par-
ticipate in the study, which was approved by the Ethics
Committee of the Royal Army Medical College.  All
subjects had been symptom-free and off all treatment for
at least four years.  Demographic details of all subjects
are shown in table 1.

Study design

This was a prospective study comparing the asthma-
tic response to MHR exercise whilst breathing room air
and cold, dry air in randomized order.

Methods

Subjects underwent our normal exercise challenge pro-
tocol:  exercise on an electric treadmill (Case 15, Marquette
Electronics Inc, Milwaukee, USA), varying the speed and
slope to achieve MHR within 4–6 min of starting, and
to maintain it for a further 2 min.  The predicted MHR
was simply derived by subtracting the subjects age from
220 for males and 200 for females.  The protocol of
BRUCE [5] was used to guide the timing and increments
of change in the speed and slope of the treadmill.  All
subjects underwent two challenges: breathing room air
for one challenge and cold air (-5 to -10˚C) for the other,
in randomized order.  A noseclip was worn by all sub-
jects for both tests, which were, wherever possible, per-
formed on successive days and never on the same day.

Cold air was supplied from a Vacumetrics Turbo Air
Challenger (Vacumetrics inc., Vacumed division, Ventura,
CA, USA) using compressed air from a size G cylinder.
The generation of cold air results from the flow charac-
teristics of the Turbo Air Challenger and the expansion
of compressed air.  It requires no chemicals or liquids
and has been used previously [6].  Cold air was supplied
through a standard mouthpiece.  Using the fast response
digital temperature meter supplied, the inspired air was
monitored continuously 12 cm from the patient's mouth.
The water content of the compressed air was 5 mg·L-1

(personal communication, British Oxygen Company).
Cooling this to subzero temperatures reduces this to less
than 1 mg·L-1.  The average water content of the room
air has been estimated as 8.5 mg·L-1 (personal commu-
nication, London Meteorological Office).

All tests were performed in the morning, at the same
time, in the clinical measurement department, supervised
by an experienced technician.

The forced expiratory volume in one second (FEV1)
of each subject was recorded for each exercise challenge:
at rest prior to starting, immediately on completion, and
then at 1, 3, 5, 7, 9 and 12 min after completion of each
challenge.  Measurements were taken to the nearest 0.1
L with a dry wedge spirometer (Vitalograph Medical
Instruments GmbH, Hamburg, Germany) using the body
temperature, atmospheric pressure and saturation with
water vapour (BTPS) scale.  A percentage fall index
(%FI) was calculated for each challenge using the for-
mula:

A positive result being a %FI ≥15 [7].

Statistical methods

Results within subjects for the room air and cold air
challenges were compared using the paired t-test.
Differences between the mean %FI were calculated with
95% confidence intervals (CI).  McNemar's test (incor-
porating a continuity correction) was used to compare
the number of positive results.  In addition, the asthmatic
responses were analysed using multifactor analysis of
variance, estimating the effect of test (i.e. room air ver-
sus cold air) within subjects and allowing for any effects
attributable to test-sequence or period.

Analysis was conducted using Statgraphics Plus, Version
5.2 [8].  Results are expressed as the mean±SD; p-values
of less than or equal to 0.05 were considered statisti-
cally significant.

Results

All 100 subjects completed both challenges and all
FEV1 recordings satisfactorily;  each exercising for a
total time of 8 min.  No subjects were excluded from
the study.   For administrative reasons, the time between
tests exceeded one day in seven subjects.  Fifty eight
subjects underwent the room air challenge first.  There
were no significant differences between the two test
sequence groups in the distribution of age, cigarette smok-
ing or sex.  There was no significant difference between
the resting FEV1 obtained immediately before each test,
or in the MHR achieved during each test, in any sub-
ject.  The results are shown in table 2.  A total of 29
subjects had a positive %FI; 12 having a positive response
to both challenges, seven being positive to the room air
challenge alone, and 10 being positive to the cold air
challenge alone.  In the subjects with a positive response
(n=29), the mean (SD) %FI to the cold air challenge was
22.7 (11.0)%, range 0–44%, compared with 16.3 (9.5)%,
range 0–50% for the room air challenge, giving a mean
difference (cold air - room air) of 6.48; 95% CI 2.1–10.6
(p<0.01).
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Table 1.  –  Demographic details of patients studied

Pts  n 100
Sex  M/F 93/7
Age  yrs* 19 (15–33)
Smokers  % 31
Interval between tests  days** 1 (1–18)

*: value presented as mean, and range in parenthesis;  **: value
presented as median, and range in parenthesis.  Pts: patients;
M: male; F: female.

Resting FEV1 - Lowest FEV1

Resting FEV1
×100 = %FI



Discussion

This study demonstrates that an abnormal airway
response to exercise persists in a number of symptom-
free recruits with a history of asthma in childhood.  The
addition of cold, dry inspired air to exercise did not
increase the proportion of this study population devel-
oping abnormal airway narrowing.  However, in those
subjects demonstrating an abnormal response to exercise,
the mean %FI was significantly greater when breathing
cold air.  This latter finding is in agreement with previ-
ous studies [3, 9].  The difference between mean %FI
when breathing cold or room air was smaller than that
reported by STRAUSS et al. [3].  This may reflect the dif-
fering populations studied; our population was free of
symptoms, whereas STRAUSS et al. [3] studied patients
known to have active exercise-induced asthma (EIA).

There was a considerable degree of overlap between
the two tests; the number of positive responders for the
two challenges was greater than for either alone.  We
hypothesized that some subjects negative to the room air
challenge would be positive to the cold air challenge,
and indeed this was the case.  We did not, however,
expect some subjects to be positive to the room air chal-
lenge and negative to the cold air challenge.  It has been
demonstrated that with random exercise testing of symp-
tomatic asthmatics, of average severity, only 70–80%
will develop a postexercise change in lung function which
is outside the normal range [10].  This observation and
the fact that our subjects were asymptomatic, with mild
disease at worst, may account for the inconsistent response
to either of the two challenges.

Exercise was used to assess bronchial responsiveness
as it is safe, quick, simple and similar to the physical
nature of army life.  There is also evidence to suggest
that as asthmatic children grow out of their clinically
active disease their responsiveness to exercise decreases,
whilst their responsiveness to inhaled pharmacological
agents persists [11, 12]  In these circumstances, an inha-
led challenge in a recruit with a history of asthma in
childhood would, we feel, be inappropriate as it would
not discriminate between a history of asthma and active
disease.

The precise trigger for EIA remains uncertain, but is
thought to be related to either drying of the airways with
a subsequent increase in the osmolarity of the lining fluid
[13, 14], or reactive hyperaemia of the tracheobronchial
capillary bed induced by rapid rewarming of the airways
after exercise-induced cooling [15].  Whatever the mech-
anism, the severity of EIA is known to be influenced by
the level of work undertaken, together with the temper-
ature and water content of the inspired air [16–18].  It
was, therefore, logical to assess whether the use of cold,
dry, inspired air would increase the sensitivity of the
exercise challenge.  In previous studies, exercise to 90%
of MHR has been recommended [19, 20].  We found it
simpler to use an incrementally increasing work rate
aimed at achieving the age-derived MHR of the subject.
This provided a clear end-point, did not cause any mor-
bidity in our population, and ensured that every subject
achieved at least 90% of their predicted MHR.

The standardization of the exercise protocol to pulse
rate rather than ventilation may explain some of the dif-
ferences between the two tests.  Had we measured the
rate of ventilation and ensured that 50% of predicted
maximum voluntary ventilation (FEV1 ×35) was sus-
tained for 4 min of exercise, we could be more confi-
dent that the enhancement of the airway response was,
in fact, due to the conditions of the inspired air.  Under
these circumstances, it is possible that the discordance
between the two tests would have been less.

We appreciate that our methods of subject selection
are flawed and that potential recruits may not declare
their relevant history.  This remains an insurmountable
problem without access to previous medical records.

In conclusion, an abnormal degree of airway narrow-
ing following exercise is demonstrable in symptom-free
recruits with a history of childhood asthma.  The incon-
sistency of the airway response to exercise suggests that
this type of screening is an imperfect tool in this and
similar populations.
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