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Summary

Background Respiratory diseases such as asthma may affect individuals’ fitness for military
service. In order to assess fitness for military service in subjects with asthma symptoms at
conscription, objective and reliable tests are needed.

Objective To prospectively determine the diagnostic value of the mannitol and methacholine
bronchial provocation test (BPT) as well as exhaled nitric oxide in assessing physician-
diagnosed asthma in a group of Swiss Armed Forces conscripts.

Methods Questionnaire, spirometry, BPT with methacholine and mannitol, exhaled nitric
oxide (FeNO) and skin prick testing were conducted in 18-20-year-old male conscripts.
Asthma was diagnosed by a military physician not involved in this study according to the
medical record, results of BPT, current respiratory symptoms and use of asthma medication.
Results Two hundred and eighty four subjects participated in the study. Complete data for the
BPT with methacholine, mannitol and measurement of FeNO were available on 235 subjects.
Forty-two conscripts (17.9%) had physician-diagnosed asthma. The sensitivity/specificity of
mannitol to identify physician-diagnosed asthma was 41%/93% and for methacholine it was
4309/929%. Using a cut-off point of 36.5 p.p.b., FeNO had a similar negative predictive value to
rule out physician-diagnosed asthma as BPT with mannitol or methacholine.

Conclusion BPT with mannitol has a sensitivity and specificity similar to methacholine for the
diagnosis of physician-diagnosed asthma in military conscripts but is less costly to perform
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without the need to use and maintain a nebulizer.

Keywords asthma, conscripts, exhaled nitric oxide, mannitol, methacholine, military
Submitted 14 May 2009; revised 26 August 2009; accepted 28 August 2009

Introduction

Asthma is a chronic inflammatory disorder of the airways
that is associated with airway hyperresponsiveness and
respiratory symptoms such as wheezing, cough, breath-
lessness and chest tightness [1].

Several asthma-triggering or aggravating factors are
present in a military environment. Subjects are exposed to
an increased level of psychological and physical stress that
can exacerbate asthma. During service, military personnel
have to fulfil their duty in different climates, where the
air is cold and dry, or they might be exposed to different
kinds of airway irritants such as smoke and fumes. When
encountering these latter conditions, soldiers need to be able
to tolerate wearing respiratory protection devices. In addi-
tion, troops are often deployed in remote areas without
appropriate health care provision where acute asthmatic
exacerbations can be treated appropriately.

This has led to many armies not allowing subjects to serve
if they have current active asthma. In the Swiss Armed
Forces (SAF), conscripts are evaluated for asthma by mili-
tary physicians during the compulsory conscription process
[2]. Conscripts are evaluated regarding the severity of the
disease (course of past disease, current medical treatment
and, if available, lung function testing) and their attitude
towards their disease and serving for the SAF. Subjects with
intermittent (symptoms less than once a week, nocturnal
symptoms not more than twice a month) and well-
controlled disease are allowed to enlist if they are motivated
to serve [3]. To evaluate their fitness to serve, subjects with
pre-existing disease are requested to present a medical letter
from their treating physician regarding their disease before
or at the time of conscription. Nevertheless, > 50% of SAF
conscripts who are subsequently diagnosed with asthma
present without letters from their treating physician or proof
of medical investigation for asthma [4].


mailto:dmiedinger@uhbs.ch

2 D. Miedinger et af

On the other hand, the diagnosis may be missed as con-
scripts may have a poor perception of their asthma symp-
toms or may choose to withhold information about current
respiratory symptoms or childhood asthma during history
taking. The missed diagnosis affects both the conscript and
the SAF. Conscripts who need to end basic military training
need to seek alternative employment and the SAF are left
with significant costs in addition to having lost a member of
their workforce. In the US Navy and Marine Corps, Conelly
estimated that a premature discharge from base camps
creates costs of about US$4500 [5].

As there is no universally accepted gold standard for the
diagnosis of asthma, it would be desirable to perform a
standardized evaluation that includes objective measure-
ment of lung function and bronchial hyperresponsiveness
in conscripts.

We conducted this study to evaluate the feasibility of
performing bronchial provocation testing (BPT) during the
recruitment process and to compare the diagnostic validity of
different BPT and the measurement of exhaled nitric oxide in
the diagnosis of physician-diagnosed asthma in SAF recruits.

Methods

Recruitment process and selection of participants

In Switzerland, male citizens undergo compulsory conscrip-
tion to the SAF in their assigned recruitment centre in general
at 18-19 years of age. During the recruitment process, which
takes between 2 and 3 days, conscripts undergo various
assessments, medical and psychiatric evaluations and a
fitness test to assess their aptitude to serve in the SAF [3].
We conducted our study in the recruitment centre of Nottwil
during the period of January 2007 to October 2007.

On the first day of the recruitment process, conscripts
were grouped into four to six conscription groups, each
containing 20-30 subjects. Two conscripts out of every
conscription group were randomly selected and asked to
participate in this study. If conscripts were unwilling to
participate, another subject in the same group was ran-
domly selected and asked to participate. Selecting subjects
from different groups allowed us to schedule the study
examinations during the period when subjects were wait-
ing for their regular medical assessment.

Questionnaire and measurements

All subjects administered the validated German version of
a specific respiratory disease questionnaire originally used
in the SAPALDIA study [6].

Orally exhaled nitric oxide (FeNO) measurements
were performed according to published guidelines [7]
using a device with a built-in biofeedback mechanism
(NIOX MINO, Aerocrine AB, Solna, Sweden) at a flow rate

of 50 mL/s before performing spirometry and BPT and
measurement of carbon monoxide.

Spirometry was performed in the sitting position using a
nose clip according to standardized guidelines. Spirometry
was performed with devices using an ultrasound flow time
measurement (Easyone, ndd Medizintechnik AG, Zurich,
Switzerland). Predicted values were calculated using refer-
ence values derived from the Swiss population [8].

Carbon monoxide measurement was performed accord-
ing to the method published by Jarvis et al. [9] using an
electrochemical analyser (Bedfont EC50 MICRO III Smo-
kerlyzer, Bedfont Scientific Ltd, Rochester, Kent, UK),
which was calibrated just before the start of the study
with a mixture of 50 p.p.m. CO in air.

Methacholine BPT was performed according to the
protocol of the SAPALDIA study, which is identical to the
protocol of European Community Respiratory Health
Survey ‘method 2 short-protocol’ [6, 10]. Methacholine -
prepared by the Institute of Hospital Pharmacy, University
Hospital Basel according to cGMP guidelines - was
delivered using a Mefar MB3 dosimeter (Mefar, Bovezzo,
Italy) set to deliver the aerosol over a period of 1s. All
those whose pre-diluent forced expiratory volume in 1s
(FEV,) was at least 70% of predicted and > 1.5L were
invited to undergo methacholine BPT. The test com-
menced with inhalation of an isotonic saline diluent, and
the maximum post-diluent FEV, recorded 2 min later was
used as the baseline value. Subjects inhaled methacholine
according to the protocol until there was a decline in FEV,
> 20% from the baseline value or the maximum cumula-
tive dose of 2.0 mg of methacholine was reached. A test
was considered positive if the PD20 was <2 mg.

BPT with mannitol was carried out using the standardized
protocol originally described by Anderson et al. [11]. The
mannitol was administered as a dry powder in capsule form
(Aridol™, Pharmaxis Ltd, Frenchs Forest, NSW, Australia),
inhaled from an osmohaler device (Pharmaxis Ltd). All those
whose pre-0 mg capsule FEV, was at least 70% of predicted
and > 1.5L were invited to undergo mannitol BPT. The test
commenced with inhalation of an empty capsule and the
maximum post-0 mg capsule FEV, recorded 2 min later was
used as the baseline value. Subjects inhaled mannitol accord-
ing to the protocol until there was a decline in FEV; >15%
from the baseline value, a 10% incremental decline between
consecutive doses or the maximum cumulative dose of
635 mg of mannitol was reached. Mannitol and methacholine
BPT were performed within 48 h in random order; the rest
period between the two tests was at least 24 h.

Skin prick tests (SPT) were performed according to the
SAPALDIA protocol [6] with Stallerpoint needles. Differ-
ent aeroallergens (grass mixture, trees mixture, Alternaria,
Cladosporium, cat and dog epithelium and Dermatopha-
goides pteronyssinus and D. farinae) were used with
histamine and saline/glycerol solution as the positive and
negative control (Stallergénes S.A., Antony, France).
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Definitions

Current smokers were defined as subjects, who answered
positively the question: ‘Do you smoke now?’ and current
smokers with significant exposure were those who
answered positively the question: ‘Do you smoke now?’
and ‘Have you ever smoked for a year or more? (“yes”
means at least 20 packs of cigarettes or 360 g of tobacco in
your whole life or at least one cigarette a day or a cigar a
week for 1 year). Allergic rhinitis (AR) was defined if
conscripts answered affirmatively the question: ‘Do you
have any nasal allergies including hayfever?’ Exercise
symptoms were defined as being present if conscripts
answered one or both of the following questions posi-
tively: ‘Have you had an attack of shortness of breath that
came on following strenuous activity at any time in the
last 12 months?’ and ‘Do you avoid strenuous exercise
because of wheezing or asthma?’ Ever had asthma was
defined if conscripts answered positively to the question:
‘Have you ever had asthma?’

Physician-diagnosed asthma was based on the judge-
ment of a military physician who was not involved in the
study: he reviewed all conscripts’ files and evaluated
whether the subjects had asthma or not. The military
physician’s asthma diagnoses were based on conscripts’
self-report of respiratory symptoms (SAF medical file or
study questionnaire), previous physician-diagnosed asth-
ma, the use of asthma medication and the results of BPT.

Statistical analysis

Proportions were compared using Pearson’s y’-test
or Fisher’s Exact Test if the expected cell count was <5.
Distribution of data were tested using the Kolmogorov-
Smirnov test. Continuous variables were compared using
a student t-test if normally distributed or the Mann-
Whitney U-test otherwise. A P-value of <0.05 was
considered to be significant. All analysis was performed
using SPSS Version 16 (SPSS Inc., Chicago, IL, USA).

Results

Two hundred and eighty four conscripts agreed to partici-
pate in the study. Thirty-six subjects (13%) agreed to
participate in the study but went home on the first
evaluation day and so did not undergo the second BPT
scheduled for the following day. In total, 248 subjects
underwent both methacholine and mannitol testing.
Thirteen subjects (5%) were excluded from the analysis
because the BPT had to be terminated due to technical
failure of either the methacholine nebulizer or the spiro-
meter or because the reproducibility of the spirometry
curves was insufficient. Data for both methacholine and
mannitol BPT were therefore available for 235 subjects.
All subjects were male. Seventy-seven subjects (32.8%)
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Table 1. Basis on which a diagnosis of physician-diagnosed asthma was
made (n=42)

Current respiratory symptoms suggestive for asthma 42 (100)

Diagnosis of physician-diagnosed asthma before 20
conscription (48)

Diagnosis of physician-diagnosed asthma and 5(12) 25 (60)
treatment before conscription

Positive bronchial challenge test result 25 (60)

Data presented as frequency and relative frequency.

admitted to current smoking and 60 (25.5%) were cur-
rently smoking and had significant exposure. Sixty-four
conscripts (27.2%) had AR or hayfever, and 98 conscripts
(41.7%) had at least one positive reaction on SPT. Fifty-
four conscripts (23%) had AR or hayfever in addition to at
least one positive reaction on SPT. Forty-two conscripts
(17.9%) had physician-diagnosed asthma. Table 1 illus-
trates on what basis the diagnosis was assigned by the
physician who reviewed the medical files. Five conscripts
reported a diagnosis of asthma previously made by a
physician and were taking asthma medications. Four
conscripts were taking on-demand inhaled salbutamol
and one subject could not recall the name of his asthma
therapy. None of these conscripts were current smokers. A
comparison of baseline data in those with and without
physician-diagnosed asthma is shown in Table 2.

Thirty-three conscripts (14%) had a positive methacho-
line BPT, 31 conscripts (13.2%) a positive mannitol test,
while 14 conscripts (6%) had positive results in both BPT.
In those with a positive mannitol BPT result, one subject
showed a decline of > 10% after inhaling the empty cap-
sule, 20 showed a decline in FEV; of > 15% from baseline
and 10 a 10% incremental decline between consecutive
doses. For the diagnosis of physician-diagnosed asthma,
the BPT with mannitol and methacholine had the highest
efficiency (83% efficiency =true positive+true negative
results/total number of cases), followed by using FeNO
cut-off values according to smoking status (74%) and SPT
(67%) (Table 3). There was a lack of agreement between
the clinical diagnosis of physician-diagnosed asthma and
the results in the BPT in 36 (15.3%) of the subjects: 32
(13.6%) of the subjects with physician-diagnosed asthma
were negative to mannitol and methacholine BPT and 4
(1.7%) without asthma showed a positive result in BPT to
mannitol and to methacholine. The clinical findings in
those subjects with a positive BPT to either mannitol,
methacholine or both agents can be seen in Table 4.

Different threshold values for FeNO in the diagnosis of
physician-diagnosed asthma were determined. The area
under the curve for FeNO for the diagnosis of physician-
diagnosed asthma in the whole population was 0.628,
and the highest value of the Youden Index (sensitivity+
specificity—100) that could be achieved using a threshold
value of 36.5 p.p.b. was 20 (Table 5).
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Table 2. Descriptive data

Physician- No physician-
diagnosed diagnosed
asthma asthma
Variable (n=42) (n=187) P-value
Height (cm) 175428 17947 0.853
Weight (kg) 73 (64; 80) 72 (65; 80) 0.893
FEV,% predicted 95 (88; 102) 98 (91; 105)  0.060
FVCo% predicted 95 (86; 101) 96 (89; 103) 0.340
FEV,/FVCx 100 85 (79; 90) 86 (79; 90) 0.318
Exhaled nitric oxide (FeNO) 23.5 (15; 46) 17.0 (10; 0.009
in p.p.b. 28)
FeNO>20p.p.b. 24 (57) 73 (38) 0.021
FeNO positive according to™ 16 (38) 36 (19) 0.006
Methacholine test positive 18 (43) 15 (8) <0.001
Mannitol test positive 17 (41) 14 (7) <0.001
Current smoker 16 (38) 61 (33) 0.527
Exhaled carbon monoxide in 1(0;3) 1(0;3) 0.999
p-p-m. (gmean/IQR)
Current smoker with significant 14 (33) 46 (24) 0.201
exposure
Dyspnoea after exercise 24 (59) 38 (20) <0.001
Not exercising because of 11 (26) 7 (4) <0.001
wheezing
Allergic rhinitis or hayfever 25 (59) 39 (20) <0.001
Ever had asthma 24 (59) 21 (11) <0.001
Atopy 31 (74) 67 (35) <0.001
Dermatophagoides 17 (41) 28 (15) <0.001
pteronyssinus
D. farinae 12 (29) 23 (12) 0.006
Cladosporium 1(2) 1(1) 0.326
Alternaria 2 (5) 2 (1) 0.149
Cat dander 10 (24) 9(5) <0.001
Dog dander 5(12) 12 (6) 0.197
Grass mixture 19 (45) 38 (20) <0.001
Tree mixture 4 (10) 5(3) 0.057

Data are presented as mean-+tstandard deviation, median (1. quartile; 3.
quartile) or as frequency (percent).

*FeNO =30 p.p.b. for non-smoker and FeNO > 40 p.p.b. for smoker.
FEV,, forced expiratory volume in 1s; FVC, forced vital capacity; FeNO,
oral exhaled nitric oxide.

Table 3. Sensitivity and specificity for the diagnosis of physician-
diagnosed asthma

Positive  Negative

Sensitivity Specificity predictive predictive

Test (0%0) (9%) value (%) value (%)
Methacholine PD 20 (n=33) 43 92 55 88
Mannitol PD 15 (n=31) 41 93 55 88
FeNO >36.5 p.p.b. (n=45) 36 84 33 86
FeNO > 20 p.p.b. (n=97) 57 62 25 87
FeNO>30p.p.b.*/ 38 81 31 86
FeNO>40p.p.b." (n=52)
Skin prick test positive (n=98)74 65 32 92

*Non smoker.
"Smoker.

Discussion

Our study is the first to assess the efficacy of BPT with
mannitol in the diagnosis of asthma among SAF conscripts.

Subjects with current active and uncontrolled asthma
are not allowed to enlist for military training in Switzer-
land [3]. Subjects with current respiratory symptoms and
airway hyperresponsiveness are at an increased risk of
exacerbations during their basic military training. During
this period, they are exposed to several asthma-aggravat-
ing or -exacerbating factors that have the potential to
cause serious morbidity and could lead to premature
discharge from military training [5].

It is possible that conscripts withhold information
about respiratory symptoms when answering the ques-
tionnaire or during history taking at the medical exam-
ination in order not to be discriminated against for
military training, because serving in the army is their only
job opportunity at the time of evaluation. Two studies are
of interest regarding this matter: Nish and Schwietz [12]
investigated 192 recruits who failed the fitness assessment
test during basic military training and who declared
themselves to be free of asthma symptoms since the age
of 12 years. These recruits were further investigated and
current active asthma was diagnosed in 113 (59%) after
performing spirometry, histamine and exercise BPT. Sin-
clair and colleagues used exercise BPT to investigate
conscripts, who had a history of childhood asthma, but
who declared themselves to be free of respiratory symp-
toms in the last 4 years. They detected 29 subjects (29%)
with a significant decline in FEV, post-exercise. The
reporting of respiratory symptoms can be unreliable
because the perception of respiratory symptoms and
bronchial obstruction varies from individual to individual
and that this perception is even more impaired in subjects
with more severe disease [13, 14]. In the SAPALDIA
cohort, asymptomatic individuals with airway hyperre-
sponsiveness to methacholine at baseline had a higher risk
of an accelerated decline in lung function and a higher
risk of developing asthma than subjects without airway
hyperresponsiveness [15]. It is therefore possible that
subjects who have asymptomatic bronchial hyperrespon-
siveness at the time of conscription to the army are at a
high risk of developing asthma in the future. Such
individuals are likely to benefit from surveillance during
their military service in order that treatment may be
started early when the first respiratory symptoms occur,
thereby avoiding a serious exacerbation of the disease.

The prevalence of physician-diagnosed asthma in our
study sample was 17.9%. This rate is significantly higher
than in other studies that report prevalence rates between
3.5% and 10% for asthma in a population of male military
conscripts in Europe or in the Mediterranean area [16-19].
In a cross-sectional survey among SAF conscripts, about
12% reported to have physician-diagnosed asthma [20].
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Table 4. Clinical findings in subjects with positive bronchial provocation test results

BPT methacholine BPT mannitol BPT methacholine and No BPT positive
Variable positive (n=19) positive (n=17) mannitol positive (n=14) (n=185)
FEV,% predicted 93 (84; 98) 96 (91; 100) 94 (91; 100) 99 (91; 105)
FVC% predicted 96 (84; 98) 95 (88; 101) 94 (89; 102) 96 (89; 103)
FEV,/FVCx 100 79 (75; 87) 85 (80; 88) 84 (78; 88) 86 (83; 90)
Exhaled nitric oxide (FeNO) in p.p.b. 25 (15; 42) 19 (15; 33) 46 (22; 61) 17 (10; 26)
Response to mannitol (%/mg) 0.0150 (0.0083; 0.0200)  0.0500 (0.0385; 0.2300) 0.0500 (0.0300; 0.4050)  0.0089 (0.0012; 0.0108)
Response to methacholine (%/mg) 24.0 (12.6; 101.6) 5.5 (4.7;7.6) 18.7 (11.4; 31.5) 3.2(1.6;5.4)
Current smoker 6(32) 8 (47) 4 (29) 46 (25)
Respiratory symptoms 9 (47) 9 (53) 10 (71) 87 (47)
Allergic rhinitis or hayfever 5 (26) 9 (53) 8 (57) 42 (23)
Respiratory tract infection in the last 3 weeks 5 (26) 3(18) 5(36) 56 (31)
Atopy 12 (63) 13 (76) 12 (86) 61 (33)

Data are presented as median (1. quartile; 3. quartile) or as frequency (percent).

Response was calculated: %fall in FEV, from FEV, after inhalation of an empty capsule or a normotonic saline/cumulative dose administered.
FEV,, forced expiratory volume in 1s; FVC, forced vital capacity; FeNO, oral exhaled nitric oxide.

Table 5. FeNO in the diagnosis of physician-diagnosed asthma

Area under Threshold with Threshold for Threshold for

Selection of subjects the curve the highest Youden Index 100% sensitivity 100% specificity
Non-smoker 0.736 22.5 3.5 211
Atopy+non-smoker 0.674 31.5 11 211
Non-smoker+allergic rhinitis or hayfever 0.642 22.5 14 85.5
Non-smoker+exercise symptoms 0.709 31.5 4 95.5

Atopy 0.570 51.5 7.5 211

Atopy +allergic rhinitis or hayfever 0.499 53 6.5 142

Atopy +exercise symptoms 0.715 1 1 82

Exercise symptoms 0.693 11.5 4 82

Allergic rhinitis or hayfever 0.693 11.5 4 82

One reason that would explain the higher prevalence in
our sample is that subjects with respiratory symptoms
were more likely to participate in our study in order to
being assessed for asthma. It is possible that conscripts
with persistent disease and treated with inhaled steroids
chose not to participate in our study because they had
already undergone diagnostic testing by a respiratory
physician and therefore presented with a medical certifi-
cate. It is likely that such conscripts were discharged by
the SAF physician during the initial evaluation on the first
day and so were excluded from the study due to failure to
attend the second test on the following day. However,
these subjects do not pose a diagnostic problem during
recruitment. The difficulty arises mainly in conscripts who
declare having had asthma in the past, who present with-
out medical certificates and intermittently treat their
symptoms with bronchodilators. Furthermore, we do not
have information regarding their asthma control status
(e.g. how often they use their inhaler, nocturnal symptoms
and activity limitation).

In our study, we evaluated a direct (methacholine) and an
indirect (mannitol) BPT. The BPT with mannitol has been
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shown to correlate well with other indirect BPT; a PD10 to
mannitol had a sensitivity of 96% to diagnose a 10% decline
in FEV, during eucapnic voluntary hyperpnoea in elite
athletes [21]. We wanted to evaluate this new test as it
promises to offer advantages over the widely used metha-
choline BPT in this setting. The protocol for administering
the test is standardized and validated and allows easy
comparison. The duration for administering the test is
<20min in most of the subjects. Compared with the
existing wet aerosol tests like methacholine, the equipment
used for the test is simple and inexpensive and does not
need any maintenance and cleaning [11]. As for all the BPT,
only an office spirometer is needed. For the current widely
used direct test with methacholine and histamine, solutions
with appropriate concentrations need to be prepared by
hospital pharmacies according to protocol. These solutions
need to be transported to the point where the test is
administered and the cold chain needs to be maintained;
otherwise, the vials cannot be used. Mannitol test kits, on
the other hand, come ready to use and can be stored at room
temperature for a longer time period than methacholine
solutions, even allowing testing at the subjects’ workplace.
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It is difficult to compare different BPT and to determine
their clinical value as a universally accepted gold standard
test for the diagnosis of asthma is not available. The
comparison of our physician-diagnosed asthma definition
with BPT has some limitations. About 14% of those with
physician-diagnosed asthma were negative to both BPTs.
In the SAF, the diagnosis of asthma is often assigned to
conscripts, who report respiratory symptoms, suggesting
asthma with or without a history of physician-diagnosed
asthma. In every second conscript with a diagnosis of
asthma recorded in the SAF database, information about
how the diagnosis was made (medical letters, test results)
is lacking [4]. It is possible that some of these conscripts
were in fact suffering from another disease that is
mimicking asthma such as chronic bronchitis, vocal cord
dysfunction or upper airway cough syndrome and would
not have been diagnosed with asthma when evaluated by
a respiratory physician. In a recent study, Aaron et al. [22]
objectively assessed subjects with physician-diagnosed
asthma and found that one-third of patients did not have
asthma on the basis of BPT results and problem-free
withdrawal of medication. Four subjects were having a
positive BPT to methacholine and to mannitol, but no
diagnosis of asthma was assigned by the military physi-
cian who reviewed the medical records. All of these
subjects declined having respiratory symptoms in the
preceding 12 months and no information about symptoms
was recorded in the SAF database. It is possible that these
subjects consciously underreported symptoms in order to
get enrolled. As neither of the two BPT has a 100%
specificity for asthma, declaring these subjects as asth-
matics would be inappropriate. Whether these subjects
should be declared fit for military service is unclear. If
they are enrolled, it would be advisable to re-evaluate
these subjects at the beginning of the basic training and
on a regular basis thereafter and start treatment if symp-
toms occur. However, recruits with mild asthma that was
diagnosed during basic military training were more likely
being discharged prematurely and tended to use more
health care than those without asthma [23].

The sensitivity and specificity of mannitol and metha-
choline BPT for a clinical diagnosis of asthma were not
different in our study. Anderson et al. [24] reported the
sensitivity and specificity for a clinical diagnosis of
exercise-induced asthma to be 56% and 75% for mannitol
and 51% and 75% for methacholine. These two tests had a
lower sensitivity but a higher specificity in our study,
which could be explained by the fact that the reviewing
military physician had access to the BPT results of our
study. If we had omitted this information, the decision
would have been made on information available from
medical letters and investigations that were conducted
before conscription. The mannitol BPT was not registered
in Switzerland at the time of the study, and thus would not
have been used by respiratory physicians and allergolo-

gists. Further, our study differs from that by Anderson, as
we used a different method to administer methacholine,
our study population consisted of subjects with a lower
pre-test probability for asthma and we included smokers.
We have previously shown that smoking is associated
with increased airway hyperresponsiveness to mannitol
and that this decreases significantly after smoking cessa-
tion [25]. Direct BPT such as histamine or methacholine
are not necessarily specific for the diagnosis of asthma
and poorly reflect the presence of inflammatory cells in
the airways [26, 27]. The reason for this might be that the
reaction to methacholine in asymptomatic individuals
simply reflects airway remodelling as a result of childhood
asthma [26]. Porsbjerg et al. [28] investigated 16 subjects
with a positive test result to methacholine but without
respiratory symptoms and performed BPT with mannitol.
Only one of these subjects, a non-atopic smoker with
normal levels of FeNO and blood eosinophil counts,
showed a mild response to mannitol provocation.

Nitric oxide has been proposed as a quick and easy-to-
perform test in the investigation of subjects with asthma.
However, there are several factors such as smoking status,
respiratory infection and nitrate-rich meal intake that can
influence the levels of exhaled nitric oxide and need to be
considered when interpreting the test [29-31]. Smith et al.
[32] suggested a cut-off level of 20 p.p.b. that yielded the
highest sensitivity and specificity for the diagnosis of
asthma. In this small study, only steroid-naive and non-
smoking subjects were included, which limits the external
validity of the study and the practical application as a
screening tool in an unselected population. Rouhos et al.
[33] investigated the value of FeNO in recruits referred for
investigation for asthma and found a significant correla-
tion of FeNO levels with exercise and histamine-induced
bronchoconstriction in atopic but not in non-atopic
recruits. Various cross-sectional studies have suggested
different cut-off points for diverse clinical settings in
firefighter and military personnel [34, 35]. These studies
differ in the gold standard that was applied for the
diagnosis of asthma. Oshikata et al. [36] suggested using
a cut-off value of 30 p.p.b. for non-smokers and 40 p.p.b.
for smokers. Applying these values in our study popula-
tion increased the specificity of the test but the Youden
index did not increase. The small sample size precluded
determination of separate optimal cut-offs for smokers
and non-smokers. In the whole population, the optimal
cut-off with the highest Youden index was >36.5p.p.b.,
regardless of the smoking status, having rhinitis symp-
toms or a positive SPT. We think that a single threshold
value is more useful in this population, as smoking status
might not be adequately reported and when SPTs are not
routinely performed.

In today’s clinical routine, BPT have become an indispen-
sable diagnostic tool for the diagnosis of asthma. In our study,
BPT with mannitol has a similar sensitivity and specificity to

© 2009 Blackwell Publishing Ltd, Clinical & Experimental Allergy, 1-8
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methacholine for the diagnosis of physician-diagnosed asth-
ma in military conscripts but is less costly to perform without
the need to use and maintain a nebulizer. BPT results are
independent from recall bias and could be performed in
subjects who want to enrol for special units training where
respiratory fitness is mandatory or in subjects with unclear
respiratory symptoms who present at conscription without
objective test results available. Symptomatic subjects with
negative BPTs would need further investigation before a
decision about fitness for military service can be made,
whereas subjects with respiratory symptoms and positive
BPTs should be started on asthma treatment and evaluated
later regarding fitness for service. In those without symptoms
but positive BPT the decision about fitness for military
training needs to be carefully elucidated by considering the
history, motivation for service and the intended military
training. These subjects should be re-tested before starting
basic military training and on a regular basis thereafter.
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