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Different airway responsiveness profiles in atopic asthma,
nonatopic asthma, and Sjogren’s syndrome

Background: Different mechanisms may underlie bronchial hyperresponsiveness
(BHR) in different diseases. The aim of this study was to investigate the
bronchial responsiveness profile produced by three different challenge tests,
methacholine, a direct simulus, and two indirect stimuli, adenosine 5'-
monophosphate (AMP) and cold air, in subjects with asthma and patients with
Sjogren’s syndrome.

Methods: The study population comprised 40 adult patients with asthma, 18
subjects with Sjogren’s syndrome, and 20 controls. Blood samples were collected
before each challenge for measurements of serum eosinophil peroxidase (S-EPO)
and eosinophil cationic protein (S-ECP). The investigated subjects recorded peak
expiratory flow and kept a symptom diary.

Results: Atopic subjects with asthma were significantly more hyperresponsive to
AMP than nonatopic subjects with asthma (P =0.01) and subjects with Sjogren’s
syndrome (P =0.02). No difference was seen between atopic and nonatopic
subjects with asthma in the case of challenges with methacholine or cold air. In
atopic subjects with asthma, a significant correlation was found between
challenges with methacholine and AMP (r=0.91, P=0.0001) and methacholine
and cold air (r=0.83, P=0.004), but, in nonatopic subjects with asthma, no
significant correlation was seen between methacholine and AMP or cold air
challenges. In atopic subjects with asthma, the dose-response slope for AMP was
correlated to S-EPO (r=—0.56; P=0.01) and S-ECP (r= —0.51, P=0.02), while
no correlation between BHR and inflammation markers was found in the two
other patient groups.

Conclusions: The results of this study suggest that patients with asthma and
subjects with Sjogren’s syndrome display different bronchial responsiveness
profiles for different challenge agents. Atopic subjects with asthma are more
hyperresponsive to AMP than nonatopic subjects and patients with Sjogren’s
syndrome. More than one challenge may be required to detect different aspects
of bronchial responsiveness.
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Asthma is a chronic inflammatory airway disease
characterized by bronchial hyperresponsiveness
(BHR) and variable airflow obstruction (1). The
pathogenesis of BHR is not completely understood
but involves interaction between multiple mechanisms
including the constriction of airway smooth muscle,
edema of bronchial mucosa, and increase in the amount
of secretion in the airway wall. The presence of
inflammatory cells in the airways appears not to be a
necessary factor for BHR (2), but it is likely to be an
important stimulus for structural changes such as
airway remodeling or autonomic dysfunction (3).
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Damage to the airway epithelium, changes in epithelial
permeability, and mediator release by the airway
epithelial cells may also contribute to increased
bronchial responsiveness.

BHR is not unique to asthma and can be demon-
strated in a number of other inflammatory airway
diseases, such as chronic obstructive lung disease (4),
cystic fibrosis (5), and bronchiectasis (6). Patients with
Sjogren’s syndrome (SS), which is a chronic auto-
immune disease characterized by dry mucous mem-
brane, also often exhibit BHR (7, 8).

Bronchial challenge agents have been divided into
direct and indirect stimuli on the basis of their
mechanism of action. Direct stimuli, such as methacho-
line, cause airway narrowing by affecting the airway
smooth muscle, while indirect stimuli, such as cold air
and adenosine 5'-monophosphate (AMP), cause airflow
limitations as a result of mediator release from
inflammatory cells, and it has therefore been suggested
that they produce a better correlation with the under-
lying airway inflammation (9).

In this study, we investigated the bronchial respon-
siveness profile produced by three different challenge
tests, methacholine, AMP, and cold air, in subjects with
asthma and patients with SS, and its relationship to
atopy, serum markers of eosinophil activation, respira-
tory symptoms, and peak flow variability.

Material and methods
Subjects

Seventy-eight subjects aged 17-69 years participated in
the study. The clinical characteristics of the subjects are
shown in Table 1. Patients with asthma were recruited
from the Department of Respiratory Medicine and
Allergology at our hospital. Subjects were defined as
having asthma if they had physician-diagnosed asthma
(1) and had previously demonstrated increased respon-
siveness to inhaled methacholine (10). The patients with
asthma had current respiratory symptoms and a forced
expiratory volume in 1 s (FEV,) above 70% of the
predicted value. Patients with asthma who had at least
one positive skin prick test were defined as having
atopy. Skin prick tests were carried out with Solu Prick

Table 1. Characteristics of patients with asthma, Sjogren’s syndrome, and healthy controls
as median (interquartile range)

Atopic Nonatopic Sjégren’s

asthma asthma syndrome Controls

n=20 n=20 n=18 n=20
Age (years) 32 (26-39) 42 (24-50) 55 (45-61) 37 (25-45)
Sex (M/F) 9/11 119 117 5/15
FVC (% pred.) 96 (90-100) 89 (83-98) 92 (83-99) 97 (90-101)
FEV, (% pred.) 93 (87-96) 87 (82-93) 92 (84-98) 97 (86-102)
sGaw (% pred.) 73 (54-82) 70 (49-89) 86 (65-98) 82 (72-115)
Inhaled corticosteroids 14 15 1 0
Disease duration (years) ~ 10.5 (1.5-25) 35(2-75) 7 (6-9)
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(ALK, Denmark) standardized allergen extract against
the following allergens: birch, timothy grass, mugwort,
cat, dog, horse, Dermatophagoides pteronyssinus,
Cladosporium, and Alternaria. A positive test was a
wheal with a mean diameter of >3 mm and no
dermatographism.

Fourteen (70%) of the atopic patients with asthma
and 15 (75%) of the nonatopic patients with asthma
were on regular treatment with inhaled glucocorticoids
(budesonide 200-1600 pg/day [n=25] or beclometasone
100400 pg/day [n=4]). There was no statistical
difference in the steroid treatment between the two
groups. Inhaled corticosteroid therapy was continued
with no changes. All the patients but one with asthma
were taking inhaled PB,-agonists as required. None of
the patients were being treated with theophylline
compounds. One atopic subject with asthma and
eight nonatopic subjects with asthma were ex-smokers
(stopped smoking 2-20 years previously).

The patients with primary SS were outpatients at the
Department of Rheumatology at our hospital
(Table 1). The diagnosis of SS was based on the
Copenhagen criteria (11). Six subjects with SS were ex-
smokers (had stopped smoking 4-17 years previously).
Three of the SS patients were taking B,-agonists as
required, and one was taking inhaled corticosteroids.
Six subjects with SS were atopic.

The control group comprised subjects who responded
to a request for volunteers or were recruited from the
staff at our hospital; none had asthmatic symptoms or
were receiving antiasthmatic treatment, and all were
nonatopic (Table 1).

All the investigated subjects were nonsmokers and
free from respiratory infections for at least 6 weeks
prior to the study, and none had a history of
cardiovascular disease. All the participants received a
questionnaire on the occurrence of airway symptoms
that was based on the European Community
Respiratory Health Survey questionnaire (12). The
study was conducted in accordance with the
Declaration of Helsinki and was approved by the
ethics committee of the Medical Faculty at Uppsala
University. Verbal informed consent was obtained prior
to the study.

Spirometry and bronchial challenges

The three bronchial challenges were performed in
random order at least 3 days apart and within 3
weeks for each individual. The bronchial challenges
took place from 8:30 am to 11 am. The subjects were
instructed not to take any short-acting f,-agonists 8 h
before testing or any long-acting [B,-agonists 24 h
before testing. Functional residual capacity (FRC),
vital capacity (VC), airway resistance (Raw), specific
airway conductance (sGaw), forced vital capacity
(FVC), and FEV; were measured after each challenge



with a Masterlab Trans spirometer and a Masterlab
body plethysmograph (Eric Jaeger AG, Wiirzberg,
Germany). FVC, FEV,, and sGaw were used for the
study. Lung-function values are presented as a percen-
tage of reference values (13, 14).

Dosimeter method

An automatic, inhalation dosimeter, Spira Elektro 2
(Respiratory Care Centre, Hameenlinna, Finland), was
used in this study (15). The dosimeter was adjusted with
a nebulization onset of 50 ml and a nebulization
duration of 1.0 s. Inspiratory flow rate reached, but
did not exceed, 0.5 I/s. The dosimeter output was
16 +5 pl/breath. Each individual took five tidal breaths
of each concentration and sGaw, FVC, and FEV, were
measured after 90 s. The next nebulizing concentration
started 3 min after the previous concentration had
stopped. Baseline values were measured after an
inhalation of saline.

Methacholine and AMP challenges

After the nebulization of saline, methacholine chloride
(National Corporation of Swedish Pharmacies) or
AMP (Sigma Chemicals, USA) was delivered. The
starting concentration of methacholine was 0.0625 mg/
ml, while that of AMP was 0.39 mg/ml. The challenge
was continued with inhalation of doubling concentra-
tions of methacholine or AMP until the FEV; had
decreased by 20% or the highest concentration (32 mg/
ml of methacholine or 400 mg/ml of AMP) was
reached. The quantity of inhaled methacholine or
AMP was calculated by weighing the amount of
methacholine or AMP that was left in the dosimeter
after each concentration and subtracting it from the
starting dose. Patients with a provocative concentration
of <32 mg/ml of methacholine or <400 mg/ml of
AMP and a decrease in FEV; of 20% or more (PC,)
were defined as having BHR (20).

Cold air

The cold air hyperventilation challenge was performed
with a heat exchanger and was driven by a supply of
compressed air containing 5% carbon dioxide (Turboair
Challenger, Equilibrated Bio Systems, Melville, NY,
USA) (16). Ventilation was recorded with an Oxycon
Sigma device (Jaeger AG, Wiirtsburg, Germany). After
baseline measurements of static and dynamic lung
function variables, maximal isocapnic ventilation was
performed with —20°C cold air for 3 min (17). The
temperature was recorded every 15 s. Measurements of
lung function variables were made directly after the
challenge and then repeated every 5 min until the FEV,
started to increase again. A 10% fall in the FEV| after the
cold air challenge was regarded as a positive test (17).

Airway responsiveness in asthma and Sjogren’s syndrome

Dose-response slope

After calculations of the provocative concentration and
provocative dose causing a 20% decrease in FEV,, the
least-squares slope for methacholine and AMP was
calculated from the regression equation for percentage
decline in FEV, on the cumulative dose of methacholine
or AMP with all the measured points (18).

Measurement of serum eosinophil markers

Whole blood was drawn in SST tubes and allowed to
coagulate at room temperature for 60 min. The serum
was then separated by centrifugation. Serum eosinophil
peroxidase (S-EPO) and eosinophil cationic protein
(S-ECP) were measured by a prototype immunofluoro-
metric assay with the Pharmacia CAP System®
(Pharmacia & Upjohn Diagnostics, Uppsala, Sweden).
The blood samples were collected before each challenge.
A mean value of the three measurements was used in this
study when comparing the four subject groups.

Peak flow and symptom diaries

Peak flow and symptom diaries were kept during a
17-day period, starting on the day of inclusion in the
study. The peak expiratory flow rate (best of three
measurements) was recorded four times daily with a
Mini-Wright peak flow meter (Clement Clarke,
London, UK). Daily peak flow variability was calcu-
lated by the following formula:

highest PEF — lowest PEF x 100/mean PEF value of day

In the symptom diary, the subjects recorded, on
awakening, whether or not they had had breathing
difficulties the previous night, and wheezing in the
chest, attacks of breathlessness, or attacks of coughing
during the previous 24 h. A symptom score (0-4) was
calculated for each individual by the number of
respiratory symptoms during the 17-day period.

Statistics

Comparisons between three or more groups were made
with the Kruskal-Wallis test, and comparisons between
two groups with the Mann-Whitney U-test or the
chi-square test. In comparisons within a group, the
Spearman rank correlation test was used. A multiple
regression analysis was performed to evaluate indepen-
dent relationships of atopy, treatment with inhaled
steroids, and baseline FEV, on the dose-response slope
for AMP in patients with asthma. The log-transformed
dose-response values were used for this analysis to
achieve a normal distribution. A P value of <0.05 was
regarded as statistically significant.

261



Ludviksdottir et al.

%
100

80—

*%
% FE%

60—

40—

20—

| Methacholine

AMP
Cold air

Atopic
asthma

Nonatopic
asthma

Sjogren’s Controls

syndrome

Figure 1. Positive challenge tests in atopic subjects with asthma, nonatopic subjects with asthma, patients with Sjogren’s syndrome, and
healthy controls as percentages. *** P<0.001 compared with Sjogren’s syndrome; ** P<0.01 compared with nonatopic asthma;

* P<0.05 compared with Sjégren’s syndrome.

Results
Spirometry

No differences were found between any of the groups in
FEV,, FVC, or sGaw (Table 1).

Number of positive challenge tests in all groups

The percentage of positive challenge tests (20% fall in
FEV, for methacholine and AMP, and 10% fall in
FEV, for cold air) is shown in Fig. 1. There was no
significant difference in the number of positive metha-
choline challenge tests between subjects with asthma or
SS. Atopic subjects with asthma more frequently
displayed hyperresponsiveness to AMP than nonatopic
subjects with asthma (P=0.01) and patients with SS
(P=0.02). Furthermore, hyperresponsiveness to cold
air was more common in atopic subjects with asthma
than those with SS (P=0.001).

All subjects who had a positive AMP or cold air
challenge also had a positive methacholine challenge
(Table 2). Four controls had a positive methacholine

Table 2. Number (%) of positive AMP and cold air challenge tests in subjects with positive
methacholine challenge test in all groups

AMP Cold air
Atopic asthma (n=15) 12 (80%)** 11 (73%)**
Nonatopic asthma (n=13) 4 (30%) 4 (30%)
Sjogren’s syndrome (n=10) 4 (40%)* 1(10%)
Controls (n=4) 1 (25%)*** 0

Significantly correlated to methacholine challenge test. ***P<0.001; **P<0.01;
*P<0.05.
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challenge (PC,y 11.5-32 mg/ml), and one of them had a
positive AMP challenge (PC,y 380 mg/ml) (Table 2).
All were nonatopic women, of whom one was an ex-
smoker. One nonatopic patient with asthma was unable
to complete the cold air challenge because of breathing
problems. No adverse reactions to methacholine or
AMP occurred.

Dose-response slope for methacholine and AMP, and the mean fall
in FEV, after cold air challenge

All three patient groups had a significantly steeper dose-
response slope for methacholine and AMP than the
controls. Atopic subjects with asthma had a signifi-
cantly larger decrease in FEV; after the cold air
challenge than the control group (Table 3). Among
the three groups of patients, no significant differences
were found in the dose-response slopes for methacho-
line. Atopic patients with asthma had a significantly
steeper dose-response slope for AMP than nonatopic
patients with asthma. This difference remained sig-
nificant after adjusting for baseline FEV, and dose of
inhaled steroids (P=0.01). The group of atopic patients
with asthma also had a significantly greater decrease in
FEV, after the cold air challenge than the group of
patients with SS (Table 3).

Correlation between the dose-response slope for methacholine and
AMP and mean fall in FEV; cold air challenge

In atopic patients with asthma, a significant correlation
was found between the airway response to all three
methods, while in nonatopic patients with asthma, a



Airway responsiveness in asthma and Sjogren’s syndrome

Table 3. Dose-response slope (DRS) and PCyq for methacholine and AMP and fall in % FEV; after cold air challenge as median (interquartile range)

Atopic asthma Nonatopic asthma Sjégren’s syndrome Controls
n=20 n=20 n=18 n=20
DRS methacholine —13.2*** (—58.0, —2.3) —75%** (=147, —2.2) —3.1%** (=298, —1.4) —08(—16, —027)
PC,o methacholine mg/ml 6.0*** (1.5, >32) 11.2** (7.0, >32) 32 (4.0, >32) >32 (>32)
DRS AMP —0.62***, %, ¥ (—10.6, —0.08) —0.07** (—0.2, 0.02) —0.06** (—0.3, —0.03) —0.01(—0.03, 0.1)
PCz0 AMP mg/ml 161%**, 1, 1 (7.8, >400) >400 (>400) >400 (>400) >400 (>400)
Cold air (%) —10**, £ (=18, =2) —4(—6, —=2) —2(—4, =2 —2(—4, =1)

***P<0.001 compared with controls; **P<0.01 compared with controls; *P<0.05 compared with controls; ¥P<0.01 compared with nonatopic asthma; £F<0.01 compared with

Sjégren’s syndrome.

significant correlation was observed only between AMP
and cold air challenges. Patients with SS showed a
significant correlation between the responses to metha-
choline and AMP (Table 4).

Peak flow variability and symptoms

In all three patient groups, peak flow variability and the
symptom score were significantly higher than in the
control group, but no significant differences were found
between the patient groups (Table 5).

Inflammatory markers

No significant difference in the level of S-EPO or S-ECP
was found between any of the investigated groups
(Table 5).

In atopic patients with asthma, a significant correla-
tion was found between S-EPO and S-ECP and the
response to AMP (r=-0.56, P=0.01; r=—0.51,
P=0.02), respectively. This correlation remained sig-
nificant after adjusting for dose of inhaled steroids and
baseline FEV,| (P=0.02). Apart from this, no signifi-
cant correlations were found between the inflammatory
markers and the response to the challenge tests in any

group.

Discussion

The results of the present study revealed that patients
with asthma and subjects with SS had different patterns
of BHR when the three different challenge agents were
compared. Atopic subjects with asthma were more
hyperresponsive to AMP than nonatopic subjects with
asthma, while the majority of both atopic and

Table 4. Correlation between dose-response slope methacholine and AMP and fall in FEV,
after cold air challenge in all groups

Methacholine Methacholine AMP

and AMP and cold air and cold air

Atopic asthma 0.91*** 0.66** 0.83***

Nonatopic asthma 0.31 0.44 0.54**
Sjégren’s syndrome 061* 0.4 0.19
Controls —0.29 —0.18 —0.15

***p<0.001; **P<0.01; *P<0.05.

nonatopic subjects with asthma and subjects with SS
were hyperresponsive to methacholine. Therefore,
atopy may be a major determinant of AMP hyper-
responsiveness. Furthermore, in atopic patients with
asthma, there is a significant correlation between AMP
hyperresponsiveness and S-EPO and S-ECP, suggesting
that AMP responsiveness may provide an indication of
eosinophil activation.

To our knowledge, this is the first study to
demonstrate differences in AMP responsiveness
between atopic and nonatopic subjects with asthma.
Previous studies in adults have found that nonsmoking
patients with COPD are less responsive to inhaled AMP
than nonsmoking atopic asthmatics (19). In children,
challenges with AMP distinguished asthma from
chronic airway obstruction of other causes with a
sensitivity and specificity of 85-90% (20). Moreover, the
sensitivity to AMP challenge was increased in both
asthmatic and nonasthmatic atopic subjects when
compared with nonatopic nonasthmatic subjects (21),
suggesting that atopy and mast-cell priming may be
important factors in determining airway responsiveness
to inhaled AMP. However, Phillips & Holgate studied
six atopic and six nonatopic subjects with asthma and
found that all of them were hyperresponsive to AMP
(22). The reason for this discrepancy in the results is not
clear, but it suggests that factors other than atopy also
determine the degree of AMP sensitivity.

AMP, an indirect stimulus, causes airflow limitations
as a result of mediator release from inflammatory cells;
therefore, it has been suggested that it produces a better
correlation with the underlying airway inflammation.
Exactly which cells are involved is unknown, but AMP
may enhance release of bronchoconstrictive mediators
such as histamine from activated mast cells and

Table 5. Peak flow (PEF) variability, respiratory symptom score, serum eosinophil
peroxidase (S-EPO), and eosinophil cationic protein (S-ECP) as median (interquartile range)

Atopic asthma Nonatopic asthma Sjogren’s syndrome Controls

PEF variability (%) 6 (5-10)* 7 (5-11)* 8 (5-10)* 5 (4-6)
Symptom score (0-4) 2 (1-3)*** 3 (1-4)*** 1 (0-2)* 0

S-EPO ng/! 15 (9-32) 13 (10-16) 12 (7-19) 12 (9-21)
S-ECP pg/I 10 (7-15) 10 (8-13) 9 (5-11) 9(7-12)

PEF variability (highest PEF— lowest PEF x 100/mean PEF value of day).
***P<0.001 compared with controls; *P<0.05 compared with controls.
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circulating basophils (23). Furthermore, mast cells may
participate in the chronic inflammatory response by
releasing multifunctional cytokines which can cause the
activation of eosinophils (24).

Our data appear to be consistent with the findings of
Polosa et al., who found a better correlation between
AMP challenge and eosinophils in the sputum of atopic
subjects than with methacholine challenge (25).

The patients with SS in this study were significantly
more hyperresponsive to methacholine than to AMP
and cold air. The reason for this difference is
unknown. It is possible that the airway inflammation
of patients with SS is different from the inflammation
observed in asthma. Bronchial biopsy studies on
patients with SS have reported submucosal mono-
nuclear infiltrates in both small and large bronchi, and
high-resolution computed tomography has revealed
thickening of the segmental bronchi (26). In fact,
treatment with inhaled corticosteroids does not appear
to decrease BHR or respiratory symptoms in patients
with SS as it does in asthma (27). It is also possible
that factors other than inflammation may predispose
to BHR in patients with SS. The chronic dryness of
the airways that is commonly seen in these patients
can cause hyperosmolarity of the epithelial lining and
increased bronchial responsiveness, or possibly could
make the epithelium more vulnerable to damage,
resulting in airway wall remodeling, thickening of the
airway wall, and BHR.

In the present study, four women in the control group
had asymptomatic BHR. They were nonatopic and one
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