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ABSTRACT: Cough-variant asthma is considered by some to be an asthma phenotype.
Bronchodilator responsiveness (BDR) is an undisputed feature of asthma. Of school-
aged wheezers, 90% are atopic. Are school-aged coughers who demonstrate BDR also
atopic? If so, then it would be reasonable to reserve the diagnosis cough-variant asthma
for this particular group.

Airway resistance was measured by the interrupter technique (Rint) before and after
salbutamol in controls (n=73), coughers (n=63) and previous wheezers (n=63) aged
5–10 yrs. Immunoglobulin (Ig)-E was measured in coughers and wheezers. BDR was
expressed as the ratio baseline:post-salbutamol Rint.

Groups were of similar age (mean 6.7, range 5–9.9 yrs). Geometric mean baseline
Rint was similar in controls and coughers (0.66 and 0.68 kPa?L-1?s), but the baseline
Rint for wheezers (0.73 kPa?L-1?s) was greater than that for controls (p=0.05) but not
significantly different from coughers (p=0.17). Geometric mean BDR in coughers was
1.22, controls 1.13 and wheezers 1.30 (p=0.01 for coughers and controls; p=0.08 for
coughers and wheezers; pv0.001 for controls and wheezers). IgE was lower in coughers
than wheezers (geometric means 36 and 364 International Units (IU)?L-1, pv0.001) and
was unrelated to BDR in both groups.

In summary, atopy, and not bronchodilator responsiveness, distinguishes groups of
coughers from groups of wheezers. A diagnosis of cough-variant asthma cannot be reserved
for even those school-aged coughers, who demonstrate bronchodilator responsiveness.
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One of the proposed asthma phenotypes is so-called
cough-variant asthma and refers to persistent or
recurrent cough without wheeze. However, school-
aged children with recurrent cough differ from
children with wheeze in a number of clinical and
epidemiological respects. In three studies, cough,
unlike wheeze, was not related to bronchial hyper-
responsiveness (BHR) or to atopy [1–3]. Two other
studies have suggested that a family history of atopy
and personal history of eczema and skin-prick sensi-
tivity to house dust mite, are more common in
children with cough than in controls but less than in
wheezy children [4, 5]. In preschool children,y50% of
coughers demonstrate bronchodilator responsiveness
(BDR) similar to wheezers of the same age. In neither
coughers nor wheezers was this related to atopy [6]
and the coughers resembled normals with respect to
atopic status [7]. It is well recognized that persistent
and late-onset wheezers are nearly all atopic [7]. Most
nonatopic preschool wheezers, (transient wheezers),
are no longer symptomatic after the age of 5 yrs.
There are also fewer older children with recurrent
cough [8, 9]. If these school-aged coughers do not
demonstrate BHR and are not atopic [1–3], do some
demonstrate BDR like their preschool counterparts?
Are those with BDR atopic like 90% of their wheezy
peers? If so, then the term cough-variant asthma for

children with recurrent or persistent cough, who
demonstrate BDR, could be defended. Such a sub-
group of coughers could represent those most likely
to benefit from inhaled corticosteroids, a treatment
known to be successful in atopic asthma.

The hypothesis was that schoolchildren with recur-
rent isolated cough demonstrate BDR and that this is
related to serum total immunoglobulin (Ig)-E and
allergen sensitization.

Methods

Subjects

This was a cross-sectional study. Children with
recurrent or persistent cough (three episodes in the
last 6 months or every day for three consecutive
weeks, in the absence of fever, nasal discharge,
snoring or other illness and on no treatment) were
referred by family practitioners, who were asked by
letter to refer such children to the local hospital
children9s chest clinic. Wheezers were consecutive
referrals of children aged 5–10 yrs who, 4–6 weeks
previously, were observed on examination by a doctor
to have wheeze. These children had been seen in the
ambulatory department of the hospital and were not
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wheezy at the time of testing. Controls with no his-
tory of cough, wheeze or difficulty in breathing were
recruited by questionnaire from three local schools.

The study was approved by the local Ethics
Committee.

Airway resistance, bronchodilator responsiveness
testing, total serum immunoglobulin-E and
skin-prick testing

Airway resistance was measured by the interrupter
technique (Rint), as previously described [10], using
two commercial devices (MicroRint and MicroLab
4000, Micromedical Ltd, Gillingham, UK). The
difference in measurements made with these devices
is no greater than the intrasubject repeatability with
a single device [10,11]. Salbutamol 400 mg was given
using a spacer (Volumatic1, Allen and Hanbury9s,
Uxbridge, UK) and measurement of Rint was repeated
15 min later. In coughers and wheezers, IgE was mea-
sured by radioimmunoassay and skin-prick testing
(SPT) to common aeroallergens (house dust mite,
grass pollens, cat and dog danders and aspergillus)
and to histamine and saline controls (ALK Abelló,
Hørsholm, Denmark) was performed. A weal of
w3 mm to one prick classified a subject as SPT positive.

Data analysis

Data were analysed for normal distribution and
transformed to log10 for analysis where appropriate.
The transformed values were analysed by t-testing,
simple and multiple regression. BDR was expressed
as the ratio of baseline Rint to postsalbutamol Rint.
Geometric means and their 95% confidence intervals
(CI) were derived from the transformed values. SPT
results in coughers and wheezers were compared by
Chi-squared testing.

Results

Subjects

The characteristics in each group are presented
in table 1.There were no significant differences in age
or height between the groups, but there were fewer
male coughers when compared to wheezers (p=0.02).
Parents of coughers reported that children were
troubled by coughing on the day of the test. All had
previous episodes of cough and so were recurrent

coughers, but in addition, fulfilled the definition of
persistent coughers.

Baseline measurements

Measurements of baseline, postsalbutamol Rint,
ratios of baseline:postsalbutamol Rint and IgE mea-
surements are shown in table 2 and all baseline:
postsalbutamol Rint measurements in figure 1. The
two outliers in the coughing group (fig. 1) were
excluded from analysis as their values exceeded 3
standard deviations of the mean. After their exclusion,
transformed data were normally distributed.

There was no significant difference between base-
line and postsalbutamol Rint in controls and coughers
(p=0.36 and p=0.17) or coughers and wheezers (p=0.17

Table 1. –Subject characteristics

Controls Coughers Wheezers

Subjects n 73 63 63
M:F 42:31 28:35 43:20
age yrs 6.8¡1.34 6.8¡1.5 6.5¡1.3
height cm 117.2¡8.8 120.8¡12.8* 118.2¡9.7

Data are presented as mean¡SD. *: n=61.

Table 2. –Baseline and postsalbutamol interruptor resist-
ance, bronchodilator responsiveness (BDR) and immuno-
globulin (Ig)-E measurements

Subjects n Geometric mean 95% CI

Baseline Rint

kPa?L-1?s
Controls 73 0.66 (0.62–0.70)
Coughers 63 0.68 (0.64–0.72)
Wheezers 63 0.73 (0. 69–0.758)

Postsalbutamol Rint

kPa?L-1?s
Controls 73 0.58 (0.55–0.62)
Coughers 63 0.54 (0.52–0.57)
Wheezers 63 0.56 (0.53–0. 60)

BDR (baseline/
postsalbutamol)
Controls 73 1.13 (1. 10–1. 17)
Coughers 61* 1.22 (1.16–1.28)
Wheezers 63 1.30 (1.24–1.36)

IgE IU?mL-1

Coughers 43 36 (22–59)
Wheezers 58 364 (234–537)

Data are presented as mean (95% confidence interval (CI)).
*: two outliers have been removed for analysis.
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Fig. 1. – Bronchodilator responsiveness measurements in controls
(n=73), coughers (n=63) and wheezers (n=63). Lines shown are
geometric means and 95% confidence intervals. Outliers for
coughers: 2.9 and 2.4.
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and p=0.47). Although the wheezers9 baseline for
Rint was significantly higher than in the controls
(p=0.05), there was no difference in postsalbutamol
Rint (p=0.33). BDR in both coughers and wheezers
was significantly greater than in controls (p=0.01 and
p=v0.001). The BDR for coughers was intermediate
between controls and wheezers, but did not differ
significantly from wheezers (p=0.08).

IgE was significantly lower in coughers than in
wheezers, and all but three of 43 measurements in
coughers were within the normal range [7].

Relationship of lung function with total serum
immunoglobulin-E and skin-prick testing

Log IgE was not related to age in this age range
(regression coefficient was -0.0663, SEM 0.0591, p=0.26).

There was no relationship between logbaseline Rint or
logBDR and sex in any of the three groups (pw0.10).
logbaseline Rint, but not logBDR, was significantly
related to age (pv0.001), but there was no significant
difference between the regression coefficients for the
three groups (F2193 = 1.30, p=0.27). The common
regression coefficient was -0.0333 (SEM 0.0053). Using
this figure, baseline measurements were corrected for
age (to age 5 yrs).

Age-corrected logbaseline

~logbaselinez(0:0333(age-5))
ð1Þ

The relationships between age-corrected logbaseline,
logBDR and logIgE are shown in table 3. This shows
that neither baseline Rint measurements nor BDR are
significantly related to IgE. The two coughers with
very high BDR ratios had total serum IgE levels of 9
and 11 IU?L-1, and the three coughers with very high
IgE measurements had BDR measurements of 1.21,
0.98 and 1.12 .

SPT was undertaken in 31 coughers and 58 wheezers.
Three coughers (10%) and 55 (93%) wheezers were
SPT positive (pv0.001).

Discussion

This study extends the previous work measuring
Rint and BDR in children with respiratory symptoms.
The interrupter method was chosen to measure airway

resistance in older children for two reasons. First, to
compare measurements in school-age children with
those made using Rint in preschool groups. Second, it
has been shown that more children between 5–10 yrs
are able to complete BDR testing with Rint than with
forced expiratory manoeuvres [12].

This study has shown that, in children aged
5–10 yrs old, recurrent cough, the geometric mean
baseline Rint, lay between and was not significantly
different from that of controls and wheezers. This was
also true in the preschool age group [6]. Although
there were more males in the wheezer group, sex was
unrelated to baseline Rint or BDR. The geometric mean
BDR in coughers was intermediate between controls
and wheezers, but the difference was not as high as
that in the preschool groups [6]. However, although
most of the wheezers were SPT positive and had
abnormally high IgE levels, as in the preschool group
[6], coughers had normal IgE measurements and
90% of those tested were SPT negative. The results
for the coughers are very similar to those in preschool
coughers [6]. It might have been expected that, since
BDR is a feature of asthma, school-aged coughers
who demonstrate BDR would be atopic as are most
school-aged asthmatics, but this was not so. Recurrent
coughers, then, irrespective of age, represent a group
of children with respiratory symptoms and BDR, but
without atopy. Although others have shown that
coughers are no more atopic than controls [13], this
is the first time the relationship between BDR and
atopic status has been described. Thus, atopic status
rather than BDR distinguishes school-age coughers
from wheezers. The USA guidelines for the manage-
ment of asthma recommend that the presence of BDR
can be used for the diagnosis [14] but this will not
help classify children with cough, when it is unclear
from the history whether wheeze is present or not.
However, the atopic status is helpful in classifying
such children. This is important when a label of
asthma is to be given and therapy is considered.
Whilst the results here refer to a group of children,
there will always be children who do not fit the model,
i.e. coughers who do not perceive wheeze, who are
atopic and who demonstrate BDR. Such children would
resemble asthmatics. The present results suggest these
are likely to be very few indeed.

If children with recurrent cough have few features
of children with recurrent wheeze, then why should
they demonstrate BDR? There is no evidence to sug-
gest that older nonatopic coughers, such as those
studied here, are or are not graduates of preschool
nonatopic wheezers, a group who have been shown
to demonstrate BDR [6]. What is known about the
airway in adults with persistent cough suggests that
airway inflammation, perhaps in response to infection
and then only in sensitive individuals, is part of the
pathophysiology of persistent cough [15]. Bronchial
biopsies show increased epithelial desquamation and
inflammatory cells, particularly mononuclear cells,
suggesting airway inflammation. However, in child-
ren, differential cell counts in bronchoalveolar lavage
are no different in those with cough compared to
controls, unlike the inflammatory cells seen in
wheezers [16]. It is difficult to compare cough studies

Table 3. –Relationship between baseline interruptor resist-
ance and bronchodilator resistance and serum total
immunoglobulin-E (IgE)

Age-corrected
logbaseline
versus logIgE

Logratio versus
logIgE

Regression
coefficient

p-value Regression
coefficient

p-value

Coughers -0.0263¡0.0213 0.22 -0.00716¡0.0198 0.36
Wheezers 0.0314¡0.0212 0.14 0.0212¡0.0150 0.16

Data are presented as mean¡SEM.
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in children because definitions differ. In population
studies, it is unclear whether the coughers were cough-
ing at the time of testing. One thing that appears to be
in common is that cough is isolated. In population
studies, coughers without reported wheeze are no
more likely to demonstrate BHR than controls [1, 2].
However, coughers demonstrate BHR to hypertonic
saline at the time of coughing [17], possibly reflecting
epithelial damage and the priming of airway smooth
muscle with inflammatory mediators, rendering them
more sensitive to bronchoconstricting agents. There
is little known about the relationship of the proper-
ties of airway smooth muscle, such as contractility
and phenotype, to BHR, and nothing known about
their relationship to BDR [18]. Surprisingly, it has
been shown that BDR and BHR are only weakly
related in asthmatic children [19]. Although an earlier
study had shown that, in a group of selected asth-
matic children, Rint was as sensitive as spirometry in
demonstrating BDR [20], preliminary findings sug-
gest that Rint is more sensitive than spirometry in
identifying BDR in a group of unselected children
with respiratory symptoms [21]. It would be interest-
ing to compare BDR and BHR in children with
persistent cough using Rint. Epithelial damage, med-
iator release and increased sensitivity of parasym-
pathetic receptor reflexes, which include the cough
reflex, are known to occur in rhinoviral infection [22].
Rhinovirus replication persists for up to 3 weeks, long
enough to cause persistent symptoms, at least in
some subjects. It has been shown that children with
persistent cough have increased cough receptor sen-
sitivity (CRS) at the time of the cough, which could
be related to increased sensitivity of parasympathetic
reflexes [17]. It is possible that rhinovirus infection
could be responsible for persistent cough and BDR
in susceptible subjects. This study has shown that, in
addition to the observations of others of increased
BHR and CRS at the time of coughing [17, 23], there
is also increased BDR. If BDR returns to normal
when cough resolves, then a common reason for both
BDR and cough would be suggested. It will be
important to follow these children with repeat studies
at a time when they have been free of cough for some
weeks.

If bronchodilator responsiveness is demonstrated
during cough, then will bronchodilators relieve the
symptom of cough? It has been shown that nocturnal
cough does not improve in asthmatic children treated
with a bronchodilator [24]. Only one study has
investigated the effect of continuous bronchodilator
treatment in children with isolated cough [13], with no
effect demonstrated. If inflammation underpins per-
sistent cough, then corticosteroid treatment might be
expected to help. A modest benefit has been demon-
strated after 2 weeks of high-dose corticosteroids [25].
Therefore, the term "cough-variant" asthma should
be dropped as it can encourage misclassification of
coughers as asthmatics and inappropriate prescribing
of asthma treatment [26]. There is enough known
about children with isolated cough to distinguish them
from those with wheeze and asthma and to support
the term "recurrent or persistent isolated cough" as a
diagnostic category.
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