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Symptoms, atopy, and bronchial response to
methacholine in parents with asthma and their
children
R D CLIFFORD, A PUGSLEY, M RADFORD, AND S T HOLGATE

Departments of Medicine and Child Health, University of Southampton

SUMMARY We have studied 50 children with one parent with asthma at a mean age of 6-4 years
by symptom questionnaire and performed allergy skin testing and measurement of bronchial
responsiveness to methacholine in both parent and child in 29-32 cases. Ninety eight per cent of
the parents were receiving medication for asthma. Fifty one per cent had visited their doctor and
20% had taken more than five days off work in the previous 12 months; 12% had been admitted
to hospital during the preceding 10 years. In the children the prevalences of wheeze, shortness of
breath, and cough were all about double that found in a general population survey of children of
similar age. Atopy was present in 90% of parents, but the prevalence of atopy among the children
was not significantly different from the children in the general population. Eczema and hay fever,
however, had high prevalences of 40% and 24%, respectively. Responsiveness to methacholine
(provocation dose achieving 20% fall in forced expiratory volume in one second <6-4 pmol) was

found in 93% of parents and 45% of children, which is compatible with a large increase compared
with the general population. All atopic but only 50% of non-atopic children with symptoms of
asthma responded to methacholine.
These findings indicate that children who have one parent with asthma have roughly double the

chance of developing clinical features of asthma compared with the general population and
suggests that, in these children, a causal interaction occurs between atopy and bronchial
hyper-responsiveness.

Bronchial asthma is a disease with a reported
current prevalence in adults of 1-2-62% in the
western world.' Recent work in the United King-
dom has shown that prevalence figures of between
10% and 12% are more realistic for schoolchildren
under the age 10.2 3The derivation of figures for the
prevalence of asthma assumes, however, a precision
of diagnosis and definition that does not exist for this
disease.4 In an attempt to overcome this problem
some workers have described prevalence figures for
a single symptom, such as recurrent wheeze.3
One of the major pathophysiological features of

asthma is the presence of enhanced responsiveness
of the airways to a wide range of specific and
non-specific stimuli-bronchial hyper-reactivity or
hyper-responsiveness. Non-specific bronchial re-
sponsiveness may be quantified in the laboratory by
provocation testing with agents such as histamine,
methacholine, and cold air5-7 and is closely related
to symptomatic bronchial irritability characterised

by symptoms of wheeze, cough, dyspnoea, or chest
tightness in response to a variety of environmental
factors.8
A common aetiological factor proposed for

asthma in older children and young adults is atopy
defined by skin prick testing to common environ-
mental allergens and the presence of associated
allergic disease, such as eczema, rhinitis, urticaria,
and food allergy.8 It has been suggested that atopy
may enhance the expression of an independently
inherited tendency to develop asthma.9 In support
of this hypothesis studies have indicated that, in
susceptible individuals, environmental exposure to
common allergens, such as grass pollen and house
dust mite, enhances bronchial responsiveness to
histamine and methacholine at the same time as
precipitating symptoms of asthmal" and that re-
moval from the offending allergens reverses the
process. '

Several family and twin studies have shown a
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Symptoms, atopy, and bronchial responsiveness in parents and their children 67

familial component in the aetiology of the atopic
illnesses9 12 13-asthma, eczema, and hay fever. So
far, however, there has been no prospective inves-
tigation to determine the extent of this relation. In
this paper we describe a study involving a cohort of
children who had one parent with asthma in which
we compared the range of respiratory symp-
toms with atopic state and measurement of bron-
chial responsiveness to methacholine.

Patients and methods

Patients. The original cohort of 100 children, with a
family history of asthma, was collected from an
antenatal clinic between 1977 and 1979 for a study of
respiratory syncytial virus infection and maternal
antibody concentrations. 14 All children in the cohort
had a first degree relative with asthma, and in 89
children this consisted of one parent with asthma;
the other 11 children were excluded from this study.
A further 11 children had been lost to follow up
during the previous six years. During January 78 sets
of questionnaires were sent out. In March non-
specific bronchial provocation testing and skin tests
for atopy were performed on as many parents and
children who responded to the questionnaire as
possible.

Control subjects. These were taken from a recent
survey of Southampton schoolchildren using the
same respiratory questionnaire and included 1276
children aged between 6-8 and 7-8 years (mean age
7-3 years).'5 Of these, 157 selected from different
symptom groups were later successfully tested for
bronchial response to methacholine and atopy as in
the cohort survey. Prevalence figures for atopy and
bronchial responsiveness to methacholine were de-
rived by extrapolation from each symptom group
tested to the frequency in the general population.

Questionnaires.* Parents were asked to complete
two questionnaires, one concerning symptoms in the
index child and the other in the patient with asthma.
The three questions used to indicate wheeze,
dyspnoea, and cough were: 'Has your child ever had
attacks of wheezing (by wheezing I mean noisy
breathing with a whistling quality coming from the
chest not the throat)?'; 'Has your child ever been
unexpectedly breathless or more breathless than you
would expect after exercise (by breathless I mean
out of breath or puffed)?'; and 'Has your child ever
seemed to cough more than other children?'. Some

*Copies of the qucstionnairc used can bc obtained on application
to Dr R Clifford, Medicinc 1, Southampton Gcncral Hospitail,
Trcmona Road, Southampton.

parents answered positively only to the questions
enquiring about night or morning cough and these
children were also designated as having cough.
Detailed information was sought on each symptom,
including whether it had occurred in the preceding
12 months, in which case the symptom was coded as
'current'. Further questions were added concerning
the existence of hay fever or eczema ('eczema or
patches of dry, itchy skin').
The parent's questionnaire was shorter and

sought confirmation of diagnosis of asthma in
addition to information on severity and provoking
factors. The three historical questions used to
indicate bronchial irritability in the parents were
those shown by Mortagy et al as predictive of
bronchial hyper-responsiveness in Southampton
adults: 16 'Do you ever wake up at night with
breathlessness?'; 'When you get up in the morning
how does your chest feel: free or tight; if tight how
long does it take to become free?'; and 'Do any of
the following give you either shortness of breath or
wheezing: going from a warm room into a cold
room; entering a room where people are smoking;
traffic fumes; chemicals-for example, hair spray,
bleach, perfumes?'.
Both questionnaires provided for information on

current medication.

Measurement of bronchial responsiveness. The
method used was that described by Yan et alt7 and
recommended by WoolcockiX for epidemiological
work. This method was chosen for its simplicity and
speed. Methacholine was chosen as the provoking
agent because of the absence of side effects, stability
in solution, and economy; on a molar basis its
potency as a bronchoconstrictor agent is reputed to
be similar to histamine. 8

The methacholine aerosol was delivered from
hand held DeVilbis number 40 glass nebulisers. The
output of each nebuliser was measured by weighing
before and after the same operator squeezed the
bulb 10 times on 10 separate occasions. Five
nebulisers were chosen with output coefficients of
variation of less than 15%. Concentrations were
adjusted according to nebuliser output and required
dose.

After instruction in the use of a dry wedge bellows
spirometer (Vitalograph Ltd, Buckingham, Eng-
land) the subject's baseline forced expiratory
volume in one second (FEVy) and forced vital
capacity were measured and the highest reproduc-
ible value recorded. The bulb of the nebuliser was
then squeezed by the operator at the beginning of an
inspiration from functional residual capacity to total
lung capacity and the subject asked to breath hold
for three seconds. After 60 seconds FEV, was
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68 Clifford, Pugsley, Radford, and Holgate

measured and the higher value of two measurements
that were reproducible within 0-2 litres in adults and
0-1 litres in children was recorded. After an initial
inhalation of normal saline subjects were given
increasing doses of methacholine from 0-025 pmol to
6-4 [smol. This is equivalent to a concentration range

of 0-08 mg/ml to 20 mg/ml using the methodology of
Cockcroft et al. 19 Doubling doses were adminis-
tered to severe or labile adults with asthma and in all
children with symptoms of asthma. In the remaining
subjects quadrupling doses were used unless a 10%
fall in FEV1 was recorded, in which case they were

moved to the slower regimen. The dose given was

expressed cumulatively by including previous doses.
The test was continued until either the highest

dose had been administered or a greater than 20%
drop in FEV1 from the post-saline measurement had
been recorded, in which case the result was scored
'positive'. Any bronchoconstriction caused by the
methacholine was then reversed with inhaled sal-
butamol. The cumulative provocation dose of
methacholine required to cause a 20% fall in FEV1
(PD2f) methacholine) was calculated from a log dose
response curve by linear interpolation.8
Skin testing. Saline and histamine controls together
with three allergen extracts-Dermatophagoides
pteronyssimus, mixed grass pollens, and cat dander
(Bencard, Middlesex)-were used for intradermal
testing. The skin was pricked through the solution
on the anterior aspect of the forearm, using a sterile
25 gauge needle, without drawing blood. Any weals
produced by the control solutions of allergen ex-

tracts were measured after 10 minutes and the
diameters recorded. Those with diameters greater
than 3 mm were scored positive.

Data analysis. Data was coded and stored on an

ICL2976 computer. Analyses were performed using

the statistical package for social sciences.211 x2 Tests
using Yates's correction were used to assess the
significance of differences in proportion of symp-
toms between the cohort and the general popula-
tion. Fisher's exact test was used to measure the
association between atopy and bronchial responsive-
ness. Where appropriate, 95%o confidence intervals
for the difference between proportions have been
supplied as recommended by Gardner and
Altman .21

Results

Responses. Of the 78 sets of questionnaires posted,
50 were returned completed and 16 were returned
with the response 'moved, address unknown', giving
a return rate of 81t%0 (50/62). The mean age of the

children was 6-4 years. Of the 50 respondents, 35
agreed to attend with their children for skin testing
and measurement of bronchial response to
methacholine. Three failed to keep their appoint-
ment. Thus 32 parents and 32 children were seen for
testing. Four parents and three children were
excluded from methacholine provocation testing
either because their baseline FEV1 was less than
70% predicted (two parents and two children) or
because the subject was unable to perform the
procedure (two parents and one child). All 64
parents and children attending the department were
skin tested.

Parent's questionnaire. Information was not avail-
able on one parent who had died since collection of
the cohort. Table 1 shows data on severity of asthma
together with the symptoms of bronchial irritability.
Thirty nine (81o%) of 48 parents were receiving
medication for asthma but only 25 (51%) had seen
their doctor in the previous 12 months. Forty five
(92%) parents answered positively to one or more of
the three symptom questions, with 44 of these
experiencing the symptom of wheeze or dyspnoea
precipitated by exposure to cold air, chemicals,
fumes, or smoke.

Children's questionnaire. Ten children (20%) had

Table 1 Morbidity (%) due to asthma and symptoms of
bronchial irritability in the 49 parents

Receiving asthma medication 81
Visited doctor for asthma in previous 12 months 51
Hospital admission in previous 11) years 12
More than five days off work in previous 12 months 21)
Morning tightness >1 hour 20
Nocturnal dyspnoea 71
Wheeze or dyspnoea with cold air, chemicals, fumes, or smoke 9(0

Table 2 Prevalence ofsymptoms in a cohort of 50 children
(mean age 6 4 years) with one parent with asthma
compared with 1276 children from a general population
sample (mean age 7 3 years)

Svmptoms Current prevalence Cumnlative prevalence
Cy"') ('10)

Cohort Control Cohort Control

Wheeze 22 11.9 28 19-4
Shortness of hre.iith 16* 6-9 16 9-8
Cough 62'* 32-5 660" 43-7
Eczema NA NA 411 NA
Hay fever NA NA 24 NA
Morning symptoms 40C* 22-7 40) 28
Nocturnal symptoms 48X* * 22-4 52* 34
Symptoms induced by

exercisc 34 35.7 NA NA

*p<0-05, **p<()-()l, ***p<)O-()I. by X2 tcst with Yatess correction
NA=Not assessed.
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Symptoms, atopy, and bronchial responsiveness in parents and their children 69

been given a diagnosis of asthma by their general
practitioner. Current and cumulative prevalences of
symptoms of asthma together with eczema and hay
fever are displayed in Table 2 and compared with
data from the Southampton general population
survey. All prevalence figures for respiratory symp-
toms, both current and cumulative, were one and a
half to two times greater in the cohort children
except for symptoms produced by exercise, chemi-
cals, fumes, or smoke. The difference in prevalence
of wheeze just failed to reach significance at the 5%
level. The 95% confidence interval for the differ-
ence between the prevalence of wheeze in the
cohort and the prevalence of wheeze in the general
population= +24-4% to -4-2%. The prevalences of
eczema, 40%, and hay fever, 24%, were also high in
the cohort.
The prevalence of symptoms in response to such

provoking agents as chemicals, fumes, smoke, cold
air, or exercise was similar between the cohort and
the general population (Table 2). No child in the

cohort group, however, had symptoms only in
response to these provoking stimuli, which com-
pares with 20% in the general population. Thirty
three (66%) of the 50 children had experienced
breathlessness, wheeze, or problematic cough dur-
ing the preceding 12 months, which compares with
an expected figure of 18 subjects. Cough as the only
symptom occurred with twice the prevalence in the
cohort compared with the general population.

Respiratory function tests. Of 32 adults and children
attending for testing, the FEV1 was satisfactorily
recorded in 31 adults and 30 children (Fig. 1). PD20
for methacholine was measured in 28 adults and 29
children (Fig. 2). The mean per cent predicted FEV1
in the parent group was 92% and in the children
113%. No parent or child with a FEV1 below 75%
expected underwent methacholine provocation.
Twenty six (93%) parents were found to have a
PD20 of <6-4 [smol. Thirteen (45%) children had a
PD20 of <6-4 jsmol, which compares with 29-4% in
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Fig. 1 Distribution ofmeasurements offorced expiratory
volume in one second (FEV,) in adults with asthma
compared with their children. Shaded area represents
subjects not testedfor response to methacholine as

FEV,<75% predicted.
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70 Clifford, Pugsley, Radford, and Holgate

general population at 7 years calculated from the
schools survey. This difference did not reach signi-
ficance. The 95% confidence interval was calculated
as: proportion in cohort responding to <6-4 imol
methacholine-proportion in general population
responding to <6-4 smol methacholine= +34-9% to
-4%. The distribution of responsiveness was
broader in the adults than in the children and no
child had a PD20 of less than 0-4 imol compared
with 12 adults (43%) (Fig. 2).

Skin tests. The results of the skin prick allergen tests
are displayed in the form of a Venn diagram in
Figure 3. All 32 adults and children were success-
fully tested. Twenty eight (88%) parents were atopic
(one or more positive skin tests). Just six (19%)
children in the cohort, however, were shown to be
atopic compared with an expected prevalence of
24-5% at 7 years calculated from the schools survey.
The 95% confidence limits for the difference was:
prevalence of atopy in the cohort-prevalence of
atopy in general population =+9-8% to -20-8%.
Hence there was only a 0-025 probability of a 10%
or greater increased prevalence of atopy in children
with one parent with asthma at this age. Ten parents
but no children were positive to all three allergens.
There were no cases in either the children or the
parents where cat dander was the only positive test.

Relations between symptoms and objective testing.
The combined data from the symptom question-
naire, skin allergen tests, and methacholine bron-
chial provocation are displayed in the form of a Venn
diagram in Figure 4. For the purposes of this
diagram a child who had any of the current
respiratory symptoms listed in Table 2 has been
classed as symptomatic. Parents have been classed
as symptomatic if they had any of the current
symptoms of bronchial irritability listed in Table 1.

Parents Children

5 4

10 0

Grass C1 Gras

No reaction 4 No reaction 26

Fig. 3 Venn diagram representing the results ofskin prick
testing to house dust mite (HDM), mixed grass pollen
(Grass), and catfur (Cat) allergen extracts in adults with
asthma and their children.

Negative 0 I

Parents Children

Negative 5

Fig. 4 Relation between symptoms, atopy, and bronchial
responsiveness to methacholine (reactive) in adults with
asthma and their children.

All symptoms were current. Twenty five of 28
parents tested for bronchial responsiveness to
methacholine and atopy answered positively to
these questions, and of these, 24 (96%) responded
to methacholine. Two parents who denied symp-
toms of bronchial irritability and who were both
atopic responded to methacholine. In the children
no significant association was found between any
one respiratory symptom, or combination of symp-
toms, and methacholine bronchial responsiveness.
Of 16 children who failed to respond to any dose of
methacholine, 11 had one or more of the symptoms
listed in Table 2, including wheeze or shortness of
breath (five cases). Two children who had none of
these symptoms were responsive to methacholine,
although in both cases this was to the last dose given
(6-4 imol).

In the children there was a significant relation
between methacholine bronchial responsiveness and
atopy (p=0-002, Fisher's exact test). Five of six
atopic children had bronchial provocation tests. All
five were responsive to methacholine and had
symptoms. A further six children who had symp-
toms and a positive methacholine provocation test
were not atopic. None of the 11 symptomatic
children who failed to respond to methacholine were
atopic. The two asymptomatic children, who were
responsive to methacholine, were both atopic. The
remaining five children were unresponsive to
methacholine, not atopic, and asymptomatic.

Discussion

Symptom quesionnaire. This study showed higher
prevalences of respiratory symptoms in a cohort of
children with one parent with asthma than in the
general population survey of children of similar age
conducted in Southampton during the same 12
months. The current prevalences of wheeze (22%),
shortness of breath (16%), and cough (62%) were

i
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Symptoms, atopy, and bronchial responsiveness in parents and their children 71

all about double that in the general population.
Using similar questions, the child health and educa-
tion survey has shown overall prevalences of 12-2%
and 4-2% for reported eczema and hay fever using a

health visitor administered questionnaire. 22 We
have shown threefold and sixfold prevalences of
these complaints in our cohort. This shows a

considerable increase in the occurrence of allergic
illness in children who have one parent with asthma.
Asthma has a high prevalence in adults and

children. The general population data inevitably
included many children with a family history of
asthma. Thus exclusion of such children from these
control data would have further increased the
differences shown in this study. The mean age of the
cohort (6-4 years) and the children in the schools
survey (7-4 years) was slightly different, raising the
possibility that some of the differences may have
been age related. In the schools study we showed
that the prevalences of wheeze and shortness of
breath were similar at 7 and 11 years but that a fall in
the prevalence of cough from 32-5% to 21%
occurred.'5 In view of the differences in only some

symptoms during the four year interval between
7 years and 11 years, however, it seems unlikely that
a one year interval would have significantly altered
these data.

Bronchial response to methacholine. In the cohort
45% of children responded to a dose of 6-4 [tmol or

less of methacholine compared with an expected
figure of 28-9% from the schools survey. Although
this difference just failed to reach significance at the
5% level, the 95% confidence intervals show that
this result is consistent with a large increase in
methacholine responsiveness between the cohort
and general population in line with the higher
prevalences of respiratory symptoms.

Atopy. In the present cohort of children aged
between 5-3 and 7-3 years the prevalence of positiv-
ity to one or more of the three allergens tested was

19%. The difference between this and the calculated
population prevalence of 25-5% is surprising but not
significant. Calculation of the 95% confidence
intervals shows that a >10% increase in the
prevalence of atopy in this age group in children
with one parent with asthma is unlikely. None of the
34 parents and children found to be atopic among

our subjects was negative to both house dust mite
and grass pollen. Thus the use of the cat dander
extract failed to identify any further atopic subjects.

Relations between symptoms, atopy, and bronchial
responsiveness. In this cohort all five children who

were both symptomatic and atopic responded to
doses of less than 6-4 ,umol methacholine. Two
thirds of the non-atopic children failed to respond,
although a high proportion (69%) had symptoms
suggestive of asthma (Fig. 4). In this latter group
increased responsiveness of the airways may only
become manifest after a viral upper respiratory tract
infection.23 Gregg has suggested that the age related
improvement in respiratory symptoms in many
children with wheezing induced by viral infections
may occur as a result of spontaneous improvement
in specific lower respiratory tract defence mechan-
isms together with acquisition of immunity to a
progressively greater number of respiratory

24viruses. If atopy should later develop continued
exposure to at least one allergen such as house dust
mite faecal antigens could provide a persistent
stimulus, resulting in the acquisition of a more
permanent state of non-specific bronchial respon-
siveness detectable on formal testing. Platts-Mills
has shown that enhanced bronchial responsiveness
associated with symptoms of asthma may decrease
substantially in a controlled dust free environ-
ment.1' Apart from such artificial situations, how-
ever, dust mite allergy results in almost inevitable
daily allergen challenge. Thus we are able to
propose a model that might explain the relation
between classical asthma and 'wheezy bronchitis', a
diagnosis over which there is much confusion. The
consistent presence of methacholine bronchial re-
sponsivenes in the atopic children in our cohort
compared with its absence in 11 of 17 symptomatic
children who were not atopic is further support for
this suggestion.
Whereas we have shown high prevalences of

symptoms in this cohort, many of these children
experienced cough as their only symptom. Out of
cough, wheeze, and shortness of breath, only
wheeze showed a non-significant increase from the
general population prevalence (OO5<p<0-1), while
cough was highly significant (p<0-01). Many of
these children suffered from nocturnal cough, which
overall was the most common cause of nocturnal
symptoms. The increased prevalence of nocturnal
symptoms in the cohort was again highly significant
(p<O.OOl).
The greater prevalence of cough alone compared

with the general population suggests a specific
disease: one fifth of schoolchildren with no other
respiratory symptoms are considered by their
parents, however, to have problematic cough (Table
3). Nevertheless, cough as the single presenting
feature of asthma is now a well recognised occurr-
ence. Many children with intermittent symptoms of
asthma triggered by viral upper respiratory tract
infections do not wheeze as their major symptom
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Table 3 Distribution of50 children in the cohort among
seven symptom groups compared with 1162 children
from a general population sample

Symptom classification Cohort Control
(%) (%)

No current symptoms or past wheeze/
shortness of breath 34 43

Cough alone 40* 20-7
Wheeze and/or cough 10 7-2
Shortness of breath and/or cough 4 1-9
Wheeze and shortness of breath and/or cough 12 5 7
Symptoms only induced by exercise, fumes.
smoke, or cold air 0** 20.0

Wheeze/shortness of breath in the past. no
current symptoms 0 1-5

*p<0-)l, **p<O-001, by x2 test with Yates's correction.

but are more troubled by cough, particularly at
night. In such children serial peak flow recordings,
tests of reversibility of airways obstruction, and
non-specific bronchial provocation may all be useful
investigations before a trial of treatment is attemp-
ted; these procedures are still unavailable, however,
in the absence of sophisticated equipment for very
young children. Moreover, recent evidence suggests
that such investigations are fallible as many children
with clear symptoms of asthma do not show bron-
chial responsiveness to methacholine.2

In our general population study we have shown
that these non-responders are mainly confined to
the non-atopic group. Ninety three per cent of
atopic children with wheeze respond to methacho-
line against just 17% of non-atopic children. Despite
the high prevalence of symptoms of asthma in the
cohort, we were unable to show a significant
difference in the prevalence of methacholine re-
sponsiveness compared with the general population.
This is partly due to the small number of atopic
children among those tested. The increased tend-
ency to allergic illness in these children is shown by
the high prevalences of eczema and hay fever,
suggesting that skin and pulmonary sensitivity to
inhaled allergens may develop at a later date. A
future study of the prevalence of bronchial re-
sponsiveness to methacholine in this cohort when
the children are older would be interesting and may
yield different results.

In conclusion, this study has shown that children
with one parent with asthma, when compared with a
recent general population study in schoolchildren,
have roughly twofold prevalences of wheeze, short-
ness of breath, and cough with one and half times
the prevalence of non-specific bronchial hyper-
responsiveness of objective measurement. High
prevalences of eczema and hay fever but not atopy

were also shown. We were able to establish a close
relation between non-specific bronchial hyper-
responsiveness and the presence of atopy, suggest-
ing a causal interaction.

We thank Mr F Anderson for performing all the bronchial
provocation tests on the adult subjects and Dr M Campbell for
statistical advice.
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