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A characteristic feature of asthma is the tendency of 
the bronchi to respond to a variety of stimuli both more 
readily and with a greater degree of narrowing than do 
the bronchi of nonnal subjects. In most patients with 
asthma this phenomenon can be reproduced artificially 
by bronchial provocation with certain "non-specific" 
phannacological or physical stimuli, such as histamine, 
methacholine or exercise. It is widely believed that the 
response to artificial challenge reflects the underlying 
)ability of the airways in asthma, and that measured levels 
of "bronchial responsiveness" reflect the severity of the 
disease. Given the limitations of clinical methods of 
assessment, such an objective index of severity would be 
of potential value in the management of asthma, particu
larly for evaluating the effects of therapy and for 
identifying patients at risk of sudden life-threatening 
attacks. 

The aim of this paper is to review current knowledge 
concerning the relationship between responsiveness and 
asthma severity; however, before considering the find
ings of studies which have investigated this, it is neces
sary to examine various problems relating, on the one 
hand, to the concept of what constitutes severity of asthma 
and, on the other hand, to methodological aspects and 
the interpretation of provocation tests. 

Asthma severity 

Asthma, as defined by SCADDING [1], does not imply a 
single disease, though common use of the term has tended 
to lead to this assumption. The term encompasses many 
patterns of response to a variety of stimuli, which find 

common expression in variable airflow obstruction. 
Within this heterogeneous condition, there is no single 
criterion by which severity may be adequately described; 
in some patients frequent acute attacks, even if not 
dangerous in themselves, may impose considerable 
restriction of nonnal activities. In others occasional but 
very severe attacks constitute severity of a different kind, 
often involving danger of death. In yet others airflow 
obstruction may be persistent, resulting in chronic 
disability. Furthermore, in any patients who are taking 
anti-asthma therapy, clinical severity is the result of the 
inherent intensity of their asthma and the modifying 
effects of treatment upon it. 

Assessment of severity usually relies on history, 
examination and simple tests of ventilatory function, 
though each of these has its limitations. Symptoms may 
be absent despite considerable airflow obstruction: some 
patients perceive airflow obstruction poorly [2], while 
others adapt to severe airflow obstruction and no longer 
appreciate their disability. Physical examination, 
especially auscultation, can be equally misleading. While 
measurements of forced expiratory volume in one 
second (FEV1) and peak expiratory flow (PEF) are in
valuable in the assessment of the degree and variability 
of airflow obstruction, reduction in airway calibre may 
occur over short periods of time and not be revealed by 
only occasional measurements. Treatment requirements 
are often considered to reflect asthma severity, but will 
be affected by differences in a subject's ability to detect 
airflow obstruction, to tolerate symptoms, and differences 
in lifestyle (especially physical activity) which would 
affect a subject's individual need for treatment. 
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Bronchial responsiveness 

Difficulties arise in interpreting the results of bron
chial provocation tests. Methodological factors, includ
ing subject selection, the provoking stimulus employed, 
measurement of the response and analysis of the dose
response relationship, may all influence the results 
obtained and make it difficult to compare the findings 
from different studies. Problems of terminology have led 
to further confusion, with a wide variety of terms such as 
"reactivity", "responsiveness" and "sensitivity" being used 
in different senses by different authors. 

"Non-specific" responsiveness is most commonly 
measured using histamine or methacholine, though a 
variety of other chemical or physical stimuli have been 
used. Hyperresponsiveness to these stimuli is termed 
"non-specific" to distinguish it from the specific sensiti
zation of some asthmatic subjects to allergens or certain 
occupational agents. While in a group of subjects there 
is generally a good correlation between responsiveness 
to histamine and methacholine [3), this is not necessarily 
so for an individual [4]. In addition, responsiveness to 
pharmacological stimuli is less well correlated with 
responsiveness to exercise [5, 6) and poorly correlated 
with the response to hypo- and hyper-osmolar stimuli [7, 
8). Since it is probable that different mechanisms under
lie the response to different agents used for provocation, 
the concept of "non-specific" responsiveness may be an 
oversimplification and the observed relationship between 
responsiveness and clinical asthma may be affected by 
the nature of the stimulus used to investigate it [9]. 

There is no one standard technique of delivering 
aerosols of histamine or methacholine, though three 
principal methods are currently in widespread use. In 
the method described by CocKCROFr et al. [10], aerosols 
are generated by a continuous output nebulizer and inhaled 
during timed periods of tidal breathing. In the method of 
CHAI et al. [11], a pre-determined number of breaths are 
taken from an intermittent dosing device powering a 
nebulizer and the aerosol is inhaled by inspiration to 
total lung capacity. In the most recently described method 
of Y AN et al. [12), hand-held nebulizers are used to deliver 
increasing doses of agonist, synchronizing full inspira
tion with actuation of the nebulizer. Studies which have 
compared these methods have shown a good correlation 
between them [13, 14). 

There are no direct methods for measuring airway 
calibre. The tests most widely used involve maximal 
inspiratory and expiratory manoeuvres, and these may 
exert their own unpredictable effects on the results of 
the challenge [15). In the situation of induced bronchocon
striction, a deep inspiration generally reduces [15, 16] 
though sometimes increases (17] bronchial tone in sub
jects with asthma, resulting in a variable effect on the 
results of bronchial challenge even though the degree of 
pharmacologically-induced airway narrowing may be 
similar. Notwithstanding the problems associated with 
maximal respiratory manoeuvres, FEV1 is the most 
commonly used measure of airflow obstruction; other 
indices, such as airways resistance or specific airways 
conductance, though more sensitive to changes in airway 

calibre than measurements of FEV1, are less repeatable 
[18]. 

A variety of indices of the dose-response relationship 
have been used to express responsiveness. The most 
widely used is the provoking dose or concentration which 
causes a given percentage change in lung function e.g. a 
fall of 20% in FEV1 (the PD20 or PCzo). Responsiveness 
can also be described in terms of the threshold dose or 
concentration, which is the point at which a significant 
reduction in airway calibre first occurs. Both the thresh
old and the PC20 or PD20 indicate the position of the 
dose-response curve rather than its shape, and reflect the 
sensitivity to airway narrowing stimuli. However, these 
measures alone may not adequately characterize the 
response to bronchial provocation and other indices 
derived from the curve, such as its slope or maximal 
response, might be important [19]. In particular, the 
maximal response reflects the extent to which the air
ways can narrow when exposed to high doses of inhaled 
stimuli and may be an important aspect of the relation
ship in subjects with asthma. 

Literature review 

The findings of studies which have investigated the 
prevalence of non-specific hyperresponsiveness in 
different populations suggest that there is no simple 
relationship between asthma and levels of responsive
ness. Hyperresponsiveness has been demonstrated in 3% 
of normal adults [10), and more frequently in relatives of 
atopic or asthmatic subjects [20), and in 15-22% of 
subjects who have rhinitis [10, 21]. In children, hyperre
sponsiveness has been reported in 6-8% of those without 
symptoms (22, 23) but was absent in about a third of 
those with recurrent wheezing [23, 24]. 

In subjects with a past history of asthma, bronchial 
hyperresponsiveness frequently persists, though usually 
at lower levels than in subjects with current disease 
[25-27]. In patients who had been free of asthma for 
1-20 yrs, TowNLEY et al. [21] found a relationship 
between the degree of bronchial hyperresponsiveness and 
the severity of previous asthma. 

In subjects with current asthma, the relationship 
between responsiveness and severity of asthma has been 
investigated by both cross-sectional and longitudinal 
studies. Severity of asthma has been assessed in tenns of 
symptoms and other features in the history, the degree of 
airflow obstruction and the level of of treatment needed 
to control symptoms. 

Cross-sectional studies (table 1) 

MAKINo [28] investigated the relationship between 
symptoms of asthma and the threshold dose of acetylcho
line or histamine in 89 adults who were asymptomatic at 
the time of challenge. A modest correlation was found 
between levels of responsiveness and several features in 
the history (r=-0.37 to -0.46) though levels were not 
related to symptom scores during the preceding two 
weeks. 
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Table 1. - Cross-sectional studies examining the relationship between bronchial responsiveness and the severity of 
asthma 

Reference 

MAICINO [28) 
1966 

MURRAY [29] 
1981 

RYAN [30] 
1982 

BAHOUS [31) 
1985 

SPI!CTOR [4] 
1975 

Population (n) Age range 
(yrs) 

Asthma (54) 14--64 

Asthma (35) 14--63 

Asthma {78) 6-18 

Current (27) 21-67 
Asthma 
Past (5) 35-52 
Asthma 

Subjects (27) 15-48 
with episodic 
cough, dyspnoea 
or wheezing and 
mild to moderate 
BHR (PC» 0.3-
16 mg·rnl1) on no 
regular treatment 

Asthma (185) 14-70 

CocxCROPT [10] Asthma (156) Adults 
1977 

JuNIPI!R [32] Asthma (51) 15-70 
1981 

Challenge test 
Agent/dose{mdex BR 

Ach 39.7-20,000 1!8 

H 4.(}-2,000 J.13 
ro producing 
>10% fall FEV

1 

H 0.03-8 mg·ml'1 

Pc_ (FEV1) 

H 0.03-64 mg·rnl'1 

PC» (FEV,) 

H 0.03-16 mg·rnl·' 
Pc_ (FEV1) 

M 0 .25-10 mg·rnl·1 

(increasing breath method) 
and 0.075-25 mg·rn1·1 

(constant breath method) 

H 0.02-1 rng·rnl·' 
(increasing breath method) 
and 0.03-10 mg·rnl·' 
(constant breath method) 

ro producing >20% fall in 
FEV

1
: low, medium, high 

categories BR 

H 0.03-8 mg·ml'1 

PC,. (FEV,) 

H and M 0.03-16 mg·rnl·' 
PC» (FEV 1) mean H and M 

Criteria 
Asthma severity 

Symptoms 2 wk before test 
Symptoms 1 yr before test 
Symptoms since onset asthma 

History score 1 yr before 
test: estimate severity; 

no. days symptoms: 
no. days on Rx: 
need for CSd; 
wheeze on eJ~ertion 

PEF am and pn for 7 days 
after test: 

mean am PEP% mu: 
mean pm PEF% mu: 
mean increase am/pm 
PEP after salbutamol; 
diurnal variation PEP 

PEP 4 times daily for 
> 7 days after test: 

mean daily % change 
PEP 

Discharge dose CSd; 
prednisone (5 mg) or 
methylprednisone (4 mg) 
3 categories: 

low (S3 tabs alL days) 
med (>3 tabs alL days) 
high (daily tabs) 

Minimum Rx 
l.none 
2 . bronchodilator as 

required 
3. regular bronchodilator 
4.CSd 

Minimum Rx 
4 categories as above (10) 

Results 

No corr. Ach or H 
Corr. Ach and H 
Corr. Ach and H 

Corr. each indell 

Corr. each indell 

Corr. 

All subjects with 
low BR M 
discharged on low 
dose CSd; 
Corr. dose CSd 
with BR M but not with 
BRH 

Mean BR 
different each group; 
4>3>2>1 

Mean BR 
different each group: 
4>3>2>1 

BR: bronchial responsiveness; BHR: bronchial hyperresponsiveness; Ach: acetylcholine; H: histamine; TO: threshold dose; Corr: correlation; PC
10 

(FEV
1
): concentration resulting in a 20% fall in forced ellpiratory volume in one second: no.: number; Rx: treatment; CSd: corticosteroid; am: 

morning; pn: evening; M: methacholine; med: medium. 

Broadly similar findings were reported by MURRAY et 
al. [29] in 78 children with asthma who were studied on 
a day when they were asymptomatic. A significant 
relationship was found between responsiveness (PC20 
histamine) and individual features in the history consid· 
ered to reflect the severity of asthma over the previous 
year (r=-0.22 to -0.43), with a strengthening of the 
correlation when these features were combined (r=-0.61). 

Serial measurements of airflow obstruction were used 
as an index of asthma severity by RYAN et al. [30] who 

studied the relationship between variability in peak 
expiratory flow (PEF) and PC20 histamine in subjects 
with current asthma, a past history of asthma and in 
normal subjects. A single measurement of responsive
ness was made and, for the following seven days, PEF 
was measured each morning and evening, before and 
after inhaling salbutamol. A strong association was found 
between the level of responsiveness and the degree of 
reduction in morning PEP (r=0.79), the amount by which 
this improved after salbutamol (morning r=-0.75, 
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evening r=-0.80) and the diurnal variation in PEF, as 
measured by the difference between the lowest 
pre-salbutamollevel and the highest post-salbutamollevel 
(r=-0.81). However, when they examined the relation
ship between responsiveness and the degree of naturally 
occurring diurnal variation in PEF (without salbutamol), 
a weaker correlation was observed (r=0.41). Similar 
findings were reported by BAHous et al. [31] who studied 
27 adults with mild symptoms of bronchial irritability 
and low or moderate levels of hyperresponsiveness (PC1Jl 
0.3-16 mg·mi·1 histamine), most of whom had no 
clinically significant airflow obstruction. A modest 
relationship was found between diurnal changes in PEF 
without bronchodilator and PC20 (r=-0.51). 

Treatment requirements have been used by other in
vestigators as an index of asthma severity. SPECTOR and 
FARR [4] reported that levels of responsiveness were 
related to corticosteroid requirements in 200 subjects 
referred because of difficulty in controlling their asthma. 
Applying the principle that corticosteroids were the last 
medication to be added to an individual's treatment regime 
and the first to be discontinued, they proposed that the 
dose of corticosteroid at the time of hospital discharge 
was a reflection of the severity of a subject's asthma; 
they related an individual's responsiveness to both hista
mine and methacholine on admission to that subject's 
dose of corticosteroid on discharge. Arbitrarily dividing 
responsiveness into low, medium and high categories, 
according to the concentrations of histamine or meth
acholine tolerated, they found that all subjects with low 
levels of responsiveness to methacholine were discharged 
on no more than 15 mg prednisone or 12 mg 
methylprednisolone on alternate days. However, the 
converse was not true in that not all subjects with the 
highest levels of responsiveness required high doses of 
corticosteroids. These findings were not confirmed with 
respect to histamine, in that no significant correlation 
was observed between responsiveness to histamine and 
the discharge dose of corticosteroids, although none of 
the subjects discharged without corticosteroids were in 
the highly reactive group. 

CocKCROFT et al. [10] observed that, in 156 well
controlled asthmatic subjects, mean levels of responsive
ness increased with increasing treatment requirements. 
This was a retrospective study of subjects in whom the 
general principle of minimum medication for control of 
asthma was applied. There was a difference in PC20 
histamine between groups of subjects who were asymp
tomatic and on no treatment, those who required 
bronchodilators occasionally, those who required them 
regularly, and those who were steroid dependent How
ever, while the mean PC20 in each subgroup was signifi
cantly lower than for the preceding category, there was 
considerable overlap between the ranges of responsive
ness observed in each group. A prospective study by 
JUNIPER et al. [32] confirmed these results: using similar 
categories of treatment as in the study by CocKCROFr et 
al. (10), a significant difference was found between the 
mean PC20 values in each treatment group, but again 
there was a considerable range of PC

20 
values within 

each group and overlap between groups. The authors 

suggested that this implied factors other than enhanced 
responsiveness were important in contributing to the 
severity of asthma. 

One problem in interpreting the findings of cross
sectional studies is that subjects have generally been in
vestigated when in a stable state and when such factors 
as respiratory viral infection, allergen exposure or recent 
exacerbations, which are believed to influence respon
siveness, have been avoided in the weeks directly 
preceding the test. Since asthma is a condition whose 
hallmark is its variability, the conclusions from such 
studies may clearly not be applicable to the disease as it 
is encountered in clinical practice. 

Longitudinal studies 

In longitudinal studies, measurements of responsive
ness are made on multiple occasions, in order to relate 
any observed changes in responsiveness to changes in 
the severity of asthma. In these studies the relationship 
between responsiveness and indices of asthma severity 
has been less clear-cut. BEAUPJm et al. [33] measured 
responsiveness to histamine in 15 adult asthmatics on 
two occasions, one year apart. They concluded that 
changes in responsiveness (PO~ were related to changes 
in the state of asthma. The initial test was performed 
when each subject's asthma had been stable for 2 months; 
at the time of the second test, a change in at least 2 of 
the 3 variables, i.e. symptoms, treatment or a greater 
than 10% change in baseline FEV 1, constituted a "changed 
state". On this basis, changes in PC20 of more than a 
single doubling dilution were shown by 5 out of 6 sub
jects not in a stable state, but by none of 9 subjects who 
were stable. This relationship was only confirmed for 
PC

20
, the changes in slope of the dose-response curve 

failing to differentiate stable from non-stable subjects. 
In a community survey of 78 subjects with respiratory 

symptoms by BRrrroN et al. [34], PD20 histamine was 
measured in September and March to assess the seasonal 
variation in responsiveness and its clinical correlates. 
Cross-sectional analysis of this data showed that, at both 
times of the year, there was a significant negative 
correlation between PD20 and the current frequency of 
wheezing in the previous week and month, and with the 
amount of treatment needed. In 45 of these subjects, the 
majority of whom had diagnosed asthma, PD20 was 
measurable on one or both occasions ( <8 j.lmol hista
mine). In these subjects, responsiveness fell between 
September and March and, within subjects, the change in 
PD20 was inversely related to the change in frequency of 
wheeze within the previous month (but not significantly 
to changes within the previous week) and to changes in 
treatment. 

Measuring responsiveness on multiple occasions in 120 
children with asthma, and defining the threshold dose of 
histamine as that which increased the total lung resis
tance by 100% of baseline values, GEUBELLE et al. [35] 
found the threshold to be reproducible in asymptomatic 
children whose baseline lung function remained stable 
between tests. They observed a within-group relationship 
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between responsiveness and asthma severity, in that the 
number of attacks of asthma since the onset of the dis
ease was inversely related to the threshold dose. In 
addition, within individuals, the level of responsiveness 
increased in the few days following an exacerbation. 

Other studies have cast doubt on the relationship 
between responsiveness and the clinical severity of 
asthma. In 25 children with severe perennial asthma given 
intensive treatment for 2 months, minimal changes in 
levels of exercise-induced asthma, or in responsiveness 
to histamine, occurred despite marked clinical improve
ment reflected by a mean increase in PEF from 54 to 
72% predicted [36]. Similarly, in 9 adults with a history 
of asthma related to ragweed exposure, five developed a 
significant exacerbation after exposure to ragweed, though 
no change in PD20 methacholine was observed in either 
these subjects or in those four who did not develop 
symptoms or signs of airflow obstruction [37]. 

RtmiNFELD and PAIN [38] studied 11 adult asthmatics, 
measuring responsiveness to methacholine on 1-4 occa
sions over an 18 month period. They measured changes 
in airway conductance (sGaw), continuing the test until 
a 50% fall had been observed. Using changes in sGaw 
with respect to time as the index of responsiveness, they 
analysed the slopes of the dose-response curves. For the 
group, no correlation was found between responsiveness 
and the severity of asthma as defined by the frequency 
or severity of wheeze, sleep disturbance, impairment of 
activities, absence from work or treatment needs. Within 
subjects, five had multiple tests and stable asthma scores 
while four had multiple tests and variable asthma scores. 
In all cases, the slopes of the dose-response curves were 
essentially unchanged. 

STANEScu and FRANs [39] observed 9 adults with asthma 
during an 8 month period and found bronchial hyperre
sponsiveness was not a constant feature. In these 
subjects, a less than 10% fall in FEV

1 
was observed after 

acetylcholine or histamine was given in doses which 
produced a 40% change in FEY 

1 
in most of their asth

matic subjects. In 4 subjects with intrinsic asthma who 
were studied at times of naturally occurring exacerba
tions, bronchial hyperresponsiveness could not be dem
onstrated before or after a spontaneously occurring 
obstructive episode. In one subject, there was no change 
during the episode, despite the occurrence of significant 
airflow obstruction. That the airflow obstruction was 
probably due to bronchial muscle constriction was sug
gested by the fact that, in 3 of the 4 subjects, significant 
bronchodilator reversibility was demonstrated. 

In order to examine the variability and significance of 
responsiveness in a clinical context, we undertook a 
longitudinal study of 20 subjects (12 adults and 8 
children) with current asthma [40]. Over a period of 12-18 
months subjects attended 2-3 times weekly for meth
acholine bronchial challenge, and throughout the study 
recorded their symptoms each day and measured their 
PEF twice daily. In each subject, between 15- 34 
measurements of PD20 (mean 25) were made. In support 
of the observations made by STANEscu and FRANS [39], 
we also found bronchial hyperresponsiveness was not a 
constant finding, being absent on at least one occasion in 

9 of our 20 subjects and on multiple occasions in seven, 
including in several patients at times of exacerbations. 
Nevertheless, in support of the majority of cross
sectional studies which have examined the relationship 
between responsiveness and asthma severity, subjects 
whose overall levels of responsiveness were highest within 
the group had asthma which was considered, on clinical 
grounds, to be severe; while treatment requirements were 
high in these subjects, several of those with the lowest 
demonstrable levels of responsiveness were able to 
discontinue regular treatment for several months. For the 
group as a whole, we demonstrated a significant relation
ship between subjects' overall levels of responsiveness 
(median PD20) and both their average day-to-day 
variation in morning PEF (Spearman's rho =-0.53) and 
diurnal variation in PEF (Spearman's rho=-0.60). 
However, within subjects, no consistent relationship was 
observed between levels of responsiveness and the state 
of their asthma: in particular, individual measurements 
ofPD20 were not consistently related to concurrent asthma 
severity. Indeed, in only 6 subjects did changes in PD20 
appear to reflect simultaneous trends in symptoms or 
PEF. These observations were supported by statistical 
analysis, which was designed to quantify the relationship 
in each subject between individual PD

20 
measurements 

and the state of asthma around the time of each test (fig. 
1). Three of the 20 subjects rarely had measurable levels 
of responsiveness (PD20 >12.8 J..Lmol on more than 75% 
of occasions) and were excluded from this analysis. In 
the remaining 17 subjects, Spearman's rank correlation 
was used to assess the strength of the relationship 
between PD20 and mean morning PEF, diurnal variation 
in PEF and mean symptom score for the 3 days 
surrounding each bronchial challenge. The correlation 
coefficients for those six subjects in whom we could 
dentify a relationship between levels of responsiveness 
and the clinical state of asthma were generally the highest 
among the group, and in most of them the relationships 
were statistically significant. In the rest of the group, an 
association between responsiveness and asthma was 
suggested by the predominantly positive correlation 
between PD20 and morning PEF and the generally nega
tive correlation between PD

20 
and both diurnal variation 

in PEF and symptoms. However, the low values of Spear
man's rho in the majority of these subjects (fig. 1) 
indicated that any such relationship was weak. In ad
dition, many of our subjects demonstrated marked changes 
in levels of responsiveness over the course of 12- 18 
months, indicating the limitations of a single measure
ment in adequately describing the severity of the disease. 

The effect of initial airway calibre 

The way in which the response to bronchial 
provocation is affected by the degree of obstruction 
present at the beginning of the test is still unclear. There 
are a number of theoretical reasons, consequent on 
airway geometry, why the in vivo measurement of 
responsiveness might be influenced by pre-challenge 
airway calibre [41]. Alternatively, airflow obstruction 
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might itself be a consequence of the bronchial 
hyperresponsiveness or both may be separate expressions 
of the underlying disease process, each reflecting the 
severity of asthma. Several studies have observed a 
modest correlation between levels of responsiveness and 
baseline measurements of lung function [10, 28, 29, 33]. 
Other studies have failed to find any significant relation
ship, particularly when pulmonary function is only mildly 
abnormal [32, 38, 42-45]. RYAN et al. [30] have shown 
that a moderate or severe increase in responsiveness 
(PC20<2.0 mg·ml·1 histamine) can be present at a time 
when FEV

1 
is "normal" and within 10% of a subject's 

maximum value after salbutamol. Other workers have 
observed changes in airway calibre occurring in the 
absence of changes in responsiveness [37, 38] and changes 
in responsiveness have been observed without changes 
in airway calibre [46-49] suggesting that other factors 
are involved in the pathogenesis of hyperresponsiveness. 

0.8 

0.6 

0.4 

0.2 

Spearman's 0 rho 

-0.2 

-0.4 

-0.6 

-0.8 

• . 
0 

0 
Bo 
0 

0 
0 
0 

0 

Mean 
morning 

PEF 

go 

~ 
•o 

0 

0 
0 

0 . . . 
• 

Diu mal 
variation 

PEF 

• 

0 

00 
go 
0 

9 

• • 

Mean 
symptom 

score 

Fig. I. - Strength of the relationship between provoking dose causing 
a 20~ fall in force? expiratory volume in one second (PO,.) and mean 
mommg peak expiT3tory flow (PEF), diurnal variation in PEF and 
mean asthma symptom score for the three days surrounding each bron
chial challenge i.e. the test day, the day before and the day after. 
Spearman's rank correlation coefficient, rho, denotes the strength of 
the relationship between PD:IO and each of these indices, the number of 
challenges to which rho relates ranging between subjects from 15-25 
(mean 25). Diurnal variation in PEF refers to the difference between 
the highest and the lowest daily PE expressed as a percentage of the 
mean daily PEF, averaged for each three day period. Those subjects in 
whom we observed a relationship between PD:IO and the state of asthma 
are represented by triangles, while circles denote the remaining sub
jects. Symbols are closed in those subjects in whom the relationships 
have reached statistical significance ~.05). (Reprinted with permis
sion. From: JOSP.PHS et al. [40]). 

Discussion 

Most of the available evidence suggests that, within a 
group of subjects, levels of non-specific bronchial 
responsiveness are related to the severity of asthma. 
However, within subjects the situation is less clear, in 
part due to the limitations of assessing both responsive
ness and asthma severity. 

It is important to consider the ways in which bronchial 
responsiveness might relate to the severity of asthma, 
and the reasons why any relationship between them might 
be inconstant. Hyperresponsiveness is a functional 
abnormality which might reflect underlying pathological 
processes in the airways rather than relating directly to 
current levels of airflow obstruction, as do those clinical 
indices used to assess the severity of asthma. Thus, 
symptoms and measurements of airway calibre reflect 
the degree of airflow obstruction present at any one time, 
while measures of responsiveness might indicate the 
likelihood of airflow obstruction developing if an appro
priate stimulus is encountered. The resultant airflow 
obstruction would therefore depend on both the level of 
responsiveness and the strength of the stimulus to which 
the airways are exposed [19]. A clear relationship 
between responsiveness and clinical indices of severity 
would not be expected unless account is taken of the 
strength of any such stimulus, and this might explain the 
weak relationship reported by various investigators 
concerning some of their within-subject analyses 
[37, 39, 40]. 

Another possibility which must be considered is that, 
given the heterogeneous nature of asthma, airflow 
obstruction is likely to be the final common pathway of 
a variety of pathological processes, to which 
hyperresponsiveness contributes to a differing extent. 
Thus, hyper responsiveness might play a variable role in 
different individuals and, within the same individual, at 
different times. 

The potential usefulness of measurements of respon
siveness in clinical practice lies in the fact that they might 
give additional information about the state of the airways 
than that provided by clinical indices of asthma severity. 
They would be of value in identifying those patients at 
risk of a life-threatening attack who might not have current 
symptoms or signs of airflow obstruction. Another pos
sible use might be in decisions regarding the safety of 
stopping maintenance treatment in patients whose asthma 
appears well controlled: the persistence of hyperrespon
siveness when clinical indices seem to denote satisfac
tory control, would indicate the need to continue therapy 
on the assumption that the underlying instability of the 
airways remained. 

In the present state of knowledge, the lack of a clear 
relationship between responsiveness and asthma severity 
is unlikely to be improved so long as there are still 
deficiencies in our understanding of the pathological 
features underlying asth'ma and of the interaction of 
different agents with them. Inflammation of the airways 
appears to be the common factor in both asthma and 
hyperresponsiveness [50, 51]. Events which are known 
to cause inflammatory changes in the airways and 
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exacerbations of asthma, such as viral respiratory infec
tion [52, 53) and allergen exposure [42, 54, 55), have 
also been shown to be capable of inducing increased 
bronchial responsiveness. In addition, the degree of 
inflammation, as indicated by the presence and activity 
of various inflammatory cells in the bronchi, has been 
shown to relate to levels of responsiveness [56-59). Little 
is known, however, about the relationship between these 
inflammatory changes and the clinical manifestations of 
asthma. If those features which constitute severity were 
better understood and the various aspects identified, the 
value of provocation tests could be put into context and 
their particular areas of usefulness delineated. 

Carefully standardized and controlled longitudinal 
studies will be required to resolve these problems and to 
define a role for the measurement of responsiveness in 
the management of asthma. At present, given the pres
ence of many uncontrolled variables in the clinical set
ting whose influence on bronchial responsiveness is 
unpredictable, the limitations of a single measurement of 
responsiveness in adequately reflecting a variable 
disease, and the inconstant relationship between 
responsiveness and asthma in an individual subject, it 
would seem that the clinical usefulness of measuring 
responsiveness to assess the severity of asthma must be 
limited. 
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Revue gerlirale. La reactivite bronchique non specifique est· 
elle une indication de la severite de l'asthme? L.K. Josephs, I. 
Gregg, S .T. Holgate. 
RESUME: n est difficile d'analyser les relations entre la reac
tivite bronchique et la severite de l'asthme, car chacun de ces 
deux parametres est difficile a evaluer. L'asthme est une affec
tion polymorphe, a modes d'expression multiples, et les 
methodes cliniques utilisees pour en evaluer la severite ont des 
limites. Des tests de provocation bronchique sont egalement 
difficiles a interpreter, au point que la comparaison entre lcs 
diverses etudes est rendue difficile par suite des differences 
methodologiques. Les etudes epidemiologiques, longitudinales 
ou transversales, reve!ent une relation globale entre le degre de 
reactivite et la severite de l'asthme. La relation est toutefois 
beacoup moins nette quand il s'agit de cas individuels. Pour 
arriver a mieux comprendre le phenomene, !'on devrait 
connaltre rnieux les mecanismes a l'origine de l'asthme et la 
contribution de l'hyperreactivite bronchique a sa palhogenie. 
Eur Respir J., 1990, 3, 220- 227. 


