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Airway responsiveness to histamine and methacholine:
relationship to minimum treatment to control
symptoms of asthma
EF JUNIPER, PA FRITH, FE HARGREAVE

From the Regional Chest and Allergy Unit, Department of Medicine, St Joseph's Hospital and
McMaster University, Hamilton, Ontario

ABSTRACT We have prospectively examined in 51 patients the relationship between the level of air-
way responsiveness to histamine and methacholine and the minimum medications required to
control asthma. First we determined the least medication that was required to control symptoms so
that they did not disturb sleep, were not present on waking, and did not require use of inhaled
salbutamol (200 jug) more than four times daily. When baseline FEV1 was > 70% of predicted and
when there had been no respiratory infection or allergen exposure for six weeks, histamine and
methacholine inhalation tests were carried out on separate days to determine the provocation
concentration causing a fall in FEV1 of 20% (PC20). There was a close correlation between the PC20
to the two agents. The patients were grouped into 1, those who required no medication; 2, those who
required salbutamol (200 ,ug) occasionally but not daily; 3, those who required daily salbutamol;
and 4, those who required additional beclomethasone dipropionate. The mean PC20 was highest in
group 1 and lowest in group 4; there was a significant difference between each group. The results
indicate that airway responsiveness to vasoactive amines is either an important determinant of the
severity of asthma and the medication requirements or a consequence of the severity of asthma. They
raise the possibility that measurement of responsiveness may be useful in some patients with estab-
lished asthma to substantiate or question medication needs.

Non-allergic (non-specific) airway responsivenss to
histamine and methacholine is increased in virtually
all, if not all, subjects with current symptoms of
asthma.' The degree of increase is related to the
severity of symptoms,2 the number of previous
hospital admissions,3 and the ease with which
asthma is induced by non-allergic4-6 and allergic7
stimuli. Possibly also it may be related to treatment
requirements.3 8 In a previous retrospective study we
observed, in a group of asthmatics, a relationship
between the level of airway responsiveness to
histamine and the amount of treatment required to
control symptoms. However there was a variation in
responsiveness among patients requiring the same
treatment.'
The objective of the present study was to treat a

group of patients with asthma in a standard way to
determine the minimum medication required to
control symptoms and then to examine prospectively
Address for reprint requests: Dr FE Hargreave, Regional
Chest and Allergy Unit, St Joseph's Hospital, 50 Charlton
Avenue East, Hamilton, Ontario L8N IY4, Canada.

the relationship between the amount of treatment and
airway responsiveness to histamine and metha-
choline. Factors known to influence responsiveness,
such as airway calibre, recent respiratory infection,
and allergen exposure were carefully controlled.

Methods

Fifty-one adults who were attending the Chest and
Allergy Clinic at St Joseph's Hospital and who
were under our care were studied (table). Their ages
ranged from 15-70 years; 29 were female. All gave a
history of episodic dyspnoea and wheezing consistent
with the presence of asthma. All had previously had
variability in forced expired volume in one second
(FEV1) of greater than 20% either spontaneously or
after bronchodilator. All were non-smokers and
none had features of other respiratory disease.
Twenty-one were atopic as indicated by one or more
wheal and flare skin respones to prick tests with 16
common allergen extracts. The extracts were of
Alternaria tenuis, Hormodendrum, dog hair and
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Table Details of patients studied

Treatment groups

No medications Bronchodilator prn, Bronchodilator daily Inhaled beclomethasone
not daily

Number of patients 14 10 10 17
Age (years) mean 32-9 33-6 42-1 52 8

SD 8-9 14-2 13-4 9-6
Sex (female) 10 6 5 8
Atopic* (number) 12 6 2 1
FEV, (1) mean 2-85 3-18 2-56 2-1

SD 0-66 0 93 0-80 0 74
FEV1 (% predicted) mean 95-2 98-6 87-2 82-4

SD 81 12-2 12-7 199
PC20 histamine (mg/ml) mean 6-78 2-93 0-86 0-42

SD 2-15 1.90 2-22 2-71
PC20 methacholine (mg/ml) mean 6-32 2-52 0-85 0-41

SD 2-48 1-92 2-56 2-87

VPatients were regarded as atopic if they had one or more wheal and flare responses to prick tests with 16 common allergen extracts (see text).

dander, cat hair and dander, horse hair and dander,
mixed feathers, and house dust mixture w/v 1:10
(Hollister Stier Laboratories), Aspergillus w/v 1:20,
Dermatophagoides farinae 1:100, milk, whole egg,
shell fish and mixed nuts 1:10, trees, grasses and
Eastern ragweeds 25 000 NU/cc (Bencard Allergy
Service). No subject was sensitised to house dust or
D farinae.

In each patient the minimum medication required
to control symptoms was established in a standard
way. None was given if symptoms were absent or not
troublesome. More pronounced symptoms were
treated with salbutamol inhaler 200 ,ig when needed
up to four times daily. If this was not sufficient and if
symptoms were not too severe, beclomethasone
dipropionate inhaler was added in a dose of 100 ,ug
four times daily. If symptoms were very severe or if
salbutamol plus beclomethasone did not control
them, a short course of prednisone was added.
Once symptoms were controlled the dose of beclo-
methasone was reduced at weekly intervals to deter-
mine the minimum that was needed to maintain
control.
Symptoms were considered to be under control

when they did not disturb sleep, were not present on
waking in the morning, did not limit normal daily
activities, and did not require use of salbutamol
inhaler in a dose of more than 800 ,ug daily.
When symptoms were controlled on a minimum

of medication for at least six weeks, one inhalation
test with histamine and one with methacholine were
carried out on separate days within one week. Care
was taken to control environmental factors and
subject characteristics which are known or presumed
to influence responses to inhalation tests. Thus for
six weeks before the study subjects were not exposed
to any allergens to which they were sensitive and had
no symptoms of respiratory tract infection. Inhaled
salbutamol was withheld for six hours before each test

but beclomethasone was continued in the same dose.
Tests were carried out at the same time of day and
before each test subjects avoided vigorous exercise
and cold air. Tests were not carried out on days of
heavy air pollution. The initial FEV1 was greater
than 70% predicted in all but five subjects who had a
severe increase in responsiveness to histamine and
methacholine; in these it was initially above 60% and
rose to over 80% after inhaled salbutamol 200 ,ug.
Variation of initial FEV1 on the two study days was
less than 10 %.

Histamine and methacholine inhalation tests were
carried out by the method described by Cockcroft
et alt and Juniper et al.9 Aerosols of the test solu-
tions were produced by the same Wright nebuliser
which gave an output of 0-13 ml/min and a particle
size of 1-5 Hm aerodynamic mass median diameter. A
nose clip was worn and the aerosol was inhaled by
tidal breathing for two minutes. An aerosol of
normal saline was inhaled first, followed at five-
minute intervals by two-fold increasing concentra-
tions of either histamine acid phosphate or metha-
choline (from 0-03 to 16 mg/ml). The FEV1 was
measured before and at 0 5 and 1 5 min after each
inhalation. Inhalations were discontinued when the
FEV, had fallen 20% or more below the lowest
post-saline value. The provocation concentration
producing a fall in FEV1 of 20% (PC20) was read
off the log-dose response curve by linear interp-
olation of the last two points. The relationship be-
tween the response to histamine and response to
methacholine was determined using least squares
regression analysis. Patients were grouped accord-
ing to their minimum medication requirements
into four groups: 1, those requiring no medi-
cation; 2, bronchodilator more than once per
week but less than once per day; 3, bronchodilator
daily; and 4, bronchodilator plus beclomethasone.
Difference in mean PC2o and FEV1, as a percent of
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Airway responsiveness to histamine and methacholine

predicted normal, between treatment groups was
examined by one-way analysis of variance and
Student's t test.

Results

The mean provocation concentration of histamine
and methacholine causing a 200% fall in FEV1
(PC20) in each treatment group was significantly
different between each group, being highest in the
group on no medication (group 1) and lowest in the
group on bronchodilator plus beclomethasone
(group 4) (table, fig 1).
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Fig Relationship ofPC20 (expressed as a mean of the
results obtained with histamine and methacholine) to
minimum medications required to control symptoms of
asthma. Bars represent the mean PC20 in each
treatment group. Open circles are those patients whose
baseline FEV, was reduced to between 60 and 70% (and
which rose to above 80% after salbutamol 200 ,ig given
after the test).

There was a range in the PC20 of histamine and
methacholine in individual patients in each treat-
ment group (fig 1). In patients with a PC20 >2
mg/ml symptoms of asthma were usually controlled
on no medication or bronchodilator occasionally but
not daily. Patients with a PC20 < 2 mg/ml generally
required a daily bronchodilator + beclomethasone.

The mean FEV1 was highest in group 2 and lowest
in group 4 (table); however there were no significant
differences in FEV1, as a percent of predicted nor-
mal, begween the groups (p > 0-05).

Bronchial responsiveness to histamine correlated
with responsiveness to methacholine (r = 0 96)
(fig 2). All responses were within one two-fold
concentration of the line of identity,
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Fig 2 Comparison of airway responsiveness to histamine
and methacholine in each patient. Dashed line is the line
of identity.

Discussion

In this study of 51 asthmatics, with well-controlled
symptoms and an FEV1 > 70% predicted, there was
a relationship between the level of non-allergic air-
way responsiveness to histamine or methacholine
and the minimum treatment required to control
symptoms.
The study has examined prospectively for the first

time the relationship between non-allergic airway
responsiveness and treatment requirements in
asthma. There is evidence that in established asthma
the level of hyperresponsiveness remains stable over
long periods of time'0 unless heightened by exposure

to respiratory infection,1' exposure to allergens'2 13
or to volatile chemicals'415 to which the person is
sensitised or, possibly, by exposure to atmospheric
pollutants such as oxides of nitrogen'6 and ozone.'7
In this study these exacerbating factors were

excluded.
Previous retrospective surveys support the results
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of the present study. Thus Townley and coworkers3
observed a greater responsiveness in asthmatics who
had previously required more medication and
Spector and Farr8 noticed that more severely hyper-
responsive patients required a higher discharge dose
of corticosteroids. Cockcroft and coworkers' ob-
served a similar relationship to the one reported in
the present study, even though they did not control
factors which might influence results as carefully as

we did.
The relationship observed indicates that non-

allergic airway responsiveness is either an important
determinant of the severity of asthma and the
medication requirements or a consequence of the
severity of asthma. The range in responsiveness
between patients in each treatment group suggests
that other factors contribute to the severity of
asthma. These might include other structural changes
such as mucosal oedema and increased secretions;
these might have been more important in group 4
who required additional beclomethasone and less
important in groups 1-3 because symptoms were

controlled by salbutamol alone and FEV1 was more

than 70% predicted. There are also non-pathological
differences between patients such as the ability to
detect airflow obstruction'8 or to tolerate symptoms,
and differences in lifestyle. A physically active
asthmatic will require more medication than a

sedentary asthmatic with a similar level of airway
responsiveness. In corticosteroid-dependent patients
the range of responsiveness may also be increased
because corticosteroids may reduce hyperrespon-
siveness to a greater extent in some patients.10
The severity of asthma is usually assessed by

history, examination, and measurement of spiro-
metry or peak flow rates. Medication requirements
are established by trial. All of the methods of assess-
ment can be misleading. Some patients perceive air-
flow obstruction poorly,18 others have lived with a

variable airflow obstruction for so long that they do
not appreciate disability, while others interpret
breathlessness as abnormal when it is not. The
physician may misinterpret the severity of symp-
toms. Physical examination is an insensitive method
of assessing severity.19 Spirometry may be normal
when the person is seen in clinic but low at other
times of the day; in the present study FEV, was

greater than 700% predicted at the time of the
inhalation tests in all except five subjects. As a result
patients may inadvertently be undertreated or over-

treated on the basis of clinical and spirometric
information alone.
The results of the present study raise the possibility

that measurement of airway responsiveness may be
useful as an adjunct to usual clinical assessment of
established asthma. The overlap of responsiveness

Juniper, Frithi, Hargreave

in each treatment group indicates that measurement
cannot be used on its own to determine actual
treatment requirements in individual patients. How-
ever, the observation that a PC20 of greater than
2 mg/ml was generally associated with absent or
trivial dyspnoea (needing no medication or only
salbutamol occasionally but not daily to control
symptoms) suggests that if such a result were
obtained in a patient taking regular salbutamol or
beclomethasone that a further trial of reduction of
medication should be tried. Alternatively, if the PC20
was below 2 mg/ml and the patient was receiving no
medication or only a bronchodilator occasionally the
clinical features should be reviewed to determine
whether the severity of asthma had been under-
estimated and whether a trial of more regular
medication should be considered. We have begun to
use histamine and methacholine tests in this way in
our clinical practice and have found them useful
especially where there is doubt about the severity
of asthma from the history and the spirometry
measured in clinic is normal.

We are grateful to our patients for participating in
the study, and to Dr NL Jones and Dr J Dolovich for
help with preparing the manuscript. This work was
supported by grant no MA5888 from the Medical
Research Council of Canada.
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