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Screening for asthma in children
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SUMMARY
The primary health care team is at the forefront of asthma
management and there is evidence of improved delivery of
care via nurse run, audited, general practice clinics.
However, hospital admissions for asthma continue to rise.
Screening for childhood asthma would appear to have
advantages for patient care. This review looks critically at
the literature that addresses important issues in screening
for childhood asthma, including the problem of defining
asthma, its prevalence rate and the importance of dealing
with asthma as part of a spectrum of illnesses of the upper
respiratory tract. The fundamental principles of screening
in relation to asthma are addressed, and five screening pro-
cedures are described and debated. Questionnaire studies
are concluded to be relatively cheap and reliable, and a
compilation of validated questions is described. Such ques-
tions could be tailored to individual practice needs and
used in the early detection of asthma, giving the potential
for early intervention and improved quality of life.

Keywords: asthma; screening; screening effectiveness; chil-
dren and infants.

Introduction
THE primary care team is at the forefront of the management

of asthma in children. This is reflected in the increase in sup-
port given to general practitioners for example by the British
Thoracic Society and the National Asthma Campaign.

It has been estimated that 97% of all cases of asthma are
treated at primary care level.' Fortunately, even though there is
evidence of increased hospital admissions,2 few children die
from the condition: approximately 40 children die each year in
the United Kingdom.3 The increase in hospital admissions is
probably due to an increase in the number of asthmatic children
experiencing severe asthma attacks2 and, as yet, there is no
objective evidence of the extent to which children with previ-
ously undiagnosed asthma are being admitted to hospital. The
debate as to whether the prevalence of asthma is increasing con-
tinues, but most evidence seems to suggest an increase.4-10

Interest in setting up nurse run asthma clinics'12 has resulted
in more comprehensive programmes of asthma care, and several
audits have highlighted the need for early diagnosis and appro-
priate treatment plans.'3-'7 Nevertheless, in one study published
in 1986 informational, educational programmes were found to be
ineffective in reducing asthma morbidity when applied to a gen-
eral practice population.'8
The possibility of devising a screening programme for child-

hood asthma in the community has theoretical advantages for
patients. This review looks critically at the literature which
addresses important issues in screening for asthma in childhood
in the community.

Definitions of asthma
There is no gold standard for defining asthma. Aretaeus (81-131
AD) first advanced a definition of asthma by suggesting that it
was a disease and not a symptom.'9 It was not until the 17th cen-

tury that Schneider and Lower proved the anatomical impossibil-
ity of the ancient Greek concept of catarrh descending from the
brain through the cribriform plate via the nasal cavities to the
lungs.20'2' The influential work of Floyer, Willis, Cullen and
Salter in the 17th, 18th and 19th centuries gave insight into the
spasmodic nature of the disease, and identified common precipit-
ating factors.22-25

In 1943, Rackemann and Edwards introduced the term ex-

trinsic asthma to imply clinical sensitiveness to certain foreign
substances; they believed intrinsic asthma to be caused by factors
of a non-allergic nature such as infection and maladaptation to
physical or psychic trauma.26

In 1959, the Ciba Foundation guest symposium suggested that
asthma might be defined in terms of a disorder of function, as a
'disease characterized by variable dyspnoea due to a widespread
narrowing of peripheral airways in the lungs varying in severity
over short periods of time either spontaneously or as a result of
the treatment'.27 The American Thoracic Society arrived at a
similar definition but added the important observation that the
bronchi also showed increased responsiveness.28 Scadding sug-
gested that '...asthma is a disease characterized by wide vari-
ation over short periods of time in resistance to flow in intra-pul-
monary airways...'29 However, this definition was limited by the
omission of a clinical picture.
A patient with a cough, a common symptom of asthma,30'31

may be regarded as having acute bronchitis rather than asthma. A
consequence is the underdiagnosis of asthma32'33 and consequent
underestimation of asthma attack and prevalence rates. An editor-
ial defining asthma pointed out '...however much variable air-
ways resistance as a start satisfies some of us, there are a large
number and variety of phenomenon which others feel to be the
peculiarity "asthma" should signify'.34
The physiologist would define asthma in terms of hyperactive

airways, the pathophysiologist in terms of inflammation,
mucosal swelling and smooth muscle hypertrophy, and the clini-
cian in terms of wheezy dyspnoea. It can be seen that although it
is generally agreed that asthma is a condition in which there is
reversible airways obstruction, it remains impossible to reach
universal consensus on a precise definition.

Although there is no gold standard for defining asthma in
childhood, the definition used by an international paediatric
asthma consensus group gives a useful start: 'a condition in
which episodic wheeze and/or cough occurred in a clinical set-
ting where asthma was likely and other, rarer conditions had
been excluded' .35

Prevalence of asthma
It is perhaps not surprising that in a disease that has defied any
accurate definition, there are inherent difficulties in accurately
determining its prevalence. Estimates of the prevalence of
asthma in children up to 15 years of age vary from 5%36 to
31%.37 Some rates refer to the prevalence of wheeze and thus are

usually higher than those for asthma.384"
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Usherwood reviewed a number of publications providing data
on the prevalence of asthma and wheezing in children in the
UK.4' The number of cases of asthma and wheezing that are
found in a sample depends on the diagnostic criteria employed in
the study. Such problems in measurement have been encountered
by Hart,42 Gregg43 and Gellert and colleagues.'5
Gregg gives an account of some of the epidemiological aspects

of asthma and a comprehensive review of the range of preval-
ence recorded in European, American, African and southern
Pacific populations.44 Asthma was virtually unknown in Papua
New Guinea but had a prevalence of 45% on the island of Tristan
da Cunha, a highly inbred and relatively isolated community.
Interestingly, Smith and colleagues found that the prevalence of
asthma in Asian and West Indian children who had been born in
their home countries was much lower than that of British chil-
dren whereas the prevalence of asthma in Asian and West Indian
children who had been born in the UK was similar to that of
British children.45 It has been inferred from this and similar stud-
ies that an environmental factor accounts for this increasing
prevalence in immigrant children in the UK.
Whatever the epidemiological arguments that define asthma

diagnosis and prevalence, it is likely that the increased preval-
ence of wheeze and respiratory symptoms noted in longitudinal
studies8,46" could not reflect anything other than a true increase
in asthma. This increase may be linked to an apparent increase in
atopy in general.5'49

Asthma as part of a spectrum
Wide-ranging studies have been carried out to define asthma in
terms of abnormal airways lability. This bronchial hyperreactiv-
ity can be investigated using a number of different challenges
including exercise, inhaled cold air, or inhalation of bronchocon-
strictor substances such as histamine or methacholine. Using
these techniques children can be grouped according to their
responses. Studies on airways lability support the concept that
although there may be genetic influences, asthma represents one

end of a continuous spectrum50 rather than a specific defect.
In an extensive study of over 2000 children in New Zealand

bronchial hyperreactivity was shown to be unimodally distrib-
uted, with those in whom asthma had been diagnosed dominating
the severe end of the spectrum.5 Similarly, work in Canada
showed that bronchial hyperresponsiveness was unimodal in dis-
tribution, the asthmatic subjects representing a subgroup within
the hyperresponsive distribution tail rather than a separate distri-
bution peak.52

Other workers have also commented on asthma as a syndrome,
with widely varying clinical manifestations and severity.53
Others have described a bronchial irritability syndrome and have
shown a close relationship between this syndrome and bronchial
hyperreactivity.5"56

If, as seems likely, asthma is part of a spectrum of illnesses,
what other illnesses are in this spectrum? Little is known about
the relationship between wheezing in infants and asthma in later
life, even though the spectrum of wheezing and catarrhal ill-
nesses in childhood were accurately recorded as long ago as

1961. Data from the national child development study show
that being a boy or having had pneumonia, whooping cough, ton-
sillectomy, adenoidectomy, allergic rhinitis and eczema are

predictive of asthma, with whooping cough, throat or ear infec-
tions, discharging ears, tonsillectomy and adenoidectomy being
concurrently associated.58 Bronchitis, croup and whooping cough
increase the likelihood of developing asthma later in life, particu-
larly if the child is atopic.5960 The relationship of illnesses within
this spectrum needs closer examination and primary care is well
placed for this.

Screening for asthma
The general principles of screening any population for overt or

undetected disease were described by Wilson in 1968.61 These
can be summarized, with reference to asthma in children, as fol-
lows:
* The condition should be an important health problem: 12% of

children suffer from asthma.33
* There should be accepted treatment: there are now clear

guidelines on asthma management, drawn up by consensus.35
* Facilities for diagnosis and treatment should be available:

current data suggest that asthma is still underdiagnosed and
undertreated.33'35

* There should be a recognizable latent or early symptomatic
stage: Levy and Bell showed that, on average, a child con-
sulted the general practitioner 16 times before a diagnosis of
asthma was made'3 while Jones and Sykes showed that the
delay in diagnosis approximated to 40% of the age of the
child at diagnosis.'6

* There should be a suitable and acceptable test for examina-
tions: as there is no gold standard for defining asthma, there
is, as yet, no simple reliable test that can be used in a screen-
ing programme. However, several screening procedures can

serve as a guide towards further clinical investigation.
* The natural history of the disease, from latent to overt dis-

ease, should be adequately understood: knowledge of the rela-
tionship between wheezy illnesses in infancy and childhood
and clinically recognizable asthma is incomplete. A screening
programme, even at one point in time, can help in the under-
standing of the relationship between asthma and other related
illnesses.62

* There should be an agreed policy on whom to treat: where
asthma is recognized, management guidelines can be applied.
Even though there is increasing evidence that adult chronic
obstructive airways disease begins in childhood63-66 there are
few longitudinal studies that prove that treating mild or mod-
erate asthma aggressively in childhood confers long-term
benefits.

* The cost of case-finding (including diagnosis and treatment)
should be economically balanced in relation to possible
expenditure in medical care as a whole: identifying most
cases of asthma by simple non-invasive means such as a

questionnaire or scrutiny of patients' notes is inexpensive and
part of good clinical practice, with little or no relationship to
overall expenditure.

* Case-finding should be a continuous process: this highlights
the need for a safe, simple and repeatable test, even though
lower sensitivity may have to be accepted for the sake of ease
and practicality.

Questionnaires
As a screening instrument, questionnaires are non-invasive, inex-
pensive, safe, convenient and can be self-administered or com-
pleted by a parent. Studies using questionnaires to screen for
asthma have been widely reported and do not depend on the time
of year they are conducted or whether there is current infection.15
The simple question 'have you ever had asthma?' is specific in
that nearly all who have asthma will answer positively but it is
insensitive in that many who do in fact have asthma are unaware
of it.67 Questionnaires rely on parents' or children's recall of
symptoms and parents differ in the reporting of asthma symp-
toms, fathers being less likely to volunteer evidence of asthma
than mothers.68 It is also possible that feelings of stigma or pess-
imism may introduce recall bias.69
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Lung function tests

Peak expiratory flow rates and forced expiratory volume in one

second measurements are easy to perform, reproducible and
show the diurnal variation characteristic of asthma. They also
enable longer term assessment of the asthmatic child to be made
by using diary cards. Comparisons can be made for diagnostic
purposes between potentially asthmatic children and the patterns
recorded for normal children.70'7' They also provide a simple
method of assessing therapy. However, even moderately severe

asthma sufferers can have a normal peak expiratory flow rate
between attacks and normal children exhibit a fall in peak
expiratory flow rate following viral upper respiratory tract infec-
tion.72

Skin prick tests

Skin prick tests on patients with asthma can detect the presence
of atopy: 80% of three year old asthmatic children and over 90%
of 10 year old asthmatic children will have positive skin prick
test results.73 However, the relationship between positive skin
tests and clinical symptoms is poor and skin tests are rarely use-

ful in helping to make a diagnosis.74 The popularity of skin prick
testing suffered a setback with the decision of the Committee on

Safety of Medicines to withdraw specific immunotherapy in
1988. 5

Exercise tests

A clear association between asthma and exercise was recognized
as early as 1679 and 17 10.22,23 Herxheimer was possibly the first
to study the effect of exercise objectively by measuring the vital
capacity of asthmatic subjects and recording the changes which
occurred after running and cycling.76 He concluded that the
hyperventilation during exercise was responsible for the fall in
vital capacity which followed exercise.
There has been controversy over whether exercise caused

bronchodilation or bronchoconstriction.77-79 It is now known that
the results depend on whether observations are made during or

after exercise and also on the type of exercise undertaken. The
definitive work of Jones, Buston and Wharton showed the char-
acteristic increase in airways obstruction in the asthmatic child
which reaches its maximum level approximately three minutes
after stopping running and which does not occur in the normal
child.80 A fall in peak expiratory flow rate of more than 15% is
widely held to indicate exercise-induced asthma. Further work
has shown running to be a more potent and reproducible stimulus
for exercise-induced asthma than other forms of exercise;8' also
that the running needs to last about six minutes and be intense
enough to raise the child's heart rate to about 170 beats per
minute.82 The highest of three peak expiratory flow rate measure-
ments should be recorded before and after exercise.
Some 80-90% of asthmatic children will have an abnormal

response to exercise.83'84 The abnormal response is not affected
by the clinical state of the child and can be elicited when either
well or wheezy,82'85 and may also be found some years after the
child has stopped having symptoms.86 Abnormal airways lability
as measured by exercise tolerance is seen in non-asthmatic atopic
children and in relatives of children with asthma.87 Results of
exercise tests carried out in the community, however, would
seem to indicate that exercise is not quite as sensitive a test as the
earlier work on more severe, hospitalized children suggested.88

In 1973 Burr and colleagues examined the effect of exercise
on 817 children89 and repeated the study 15 years later and found
a real increase in asthma prevalence.8 Similar work was carried
out on school children in Sheffield88 and the acronym FRAST for
free running asthma screening test was introduced.

A total of 950 Welsh children aged 4-11 years underwent an

exercise test and it was found that 60 children not known to have
clinical asthma at the time had at least a 15% fall in peak expirat-
ory flow rate after exercise.90 Many of these children (32/55)
went on to develop asthma over the next six years. Other upper
respiratory tract illnesses were found to be more common in this
asthma group than in the closely matched, non-asthmatic control
group. The exercise test thus identified a pre-asthmatic or latent
asthmatic group who had had more respiratory illnesses in child-
hood. This is in keeping with the original work of Fry which
showed a relationship between the common respiratory illnesses
within the spectrum of the catarrhal child.57

Inhalation challenge
Much work has emerged in recent years on the use of inhalation
provocation tests in asthma. These involve the inhalation of
increasing concentrations of either histamine or methacholine
and measuring the fall in lung function either by peak expiratory
flow rate or forced expiratory volume. The data are then plotted
to form a response curve and by interpolation, the concentration
of histamine which would produce a 20% change in lung func-
tion (PC20) is calculated. It is thus possible to make objective
measurements of bronchial hyperresponsiveness or hyperreactiv-
ity, which is best defined as the exaggerated constrictor response
of the airways to a wide variety of specific and non-specific
stimuli.53 Some workers argue that bronchial hyperresponsive-
ness is a fundamental part of asthma and should be included in
its definition9' while others have shown bronchial hyperrespons-
iveness to occur as a natural phenomenon in the non-asthmatic
population.92'93
The relationship between bronchial hyperresponsiveness and

clinical symptoms is not clear cut as only two thirds of clinically
diagnosed asthma sufferers have demonstrable hyperresponsive-
ness on inhalation testing and one third of subjects demonstrating
hyperresponsiveness are asymptomatic.9497 Nevertheless, inhala-
tion tests of bronchial hyperresponsiveness are becoming increas-
ingly used, particularly in the laboratory setting. Pattemore tested
more than 2000 schoolchildren in New Zealand and commented
'bronchial challenge testing [by inhalation] is an important tool
of respiratory research, but cannot reliably or precisely separate
asthmatics from non-asthmatics in the general community'. 51 In
this sort of testing, as in the exercise challenge,88'89 considerable
overlap has been shown between bronchial responsiveness, cur-

rent asthma and current respiratory symptoms.

The way forward
Morbidity in asthma is still caused by underdiagnosis and inap-
propriate treatment.35 There is, therefore, every indication that
screening for undiagnosed asthma should help, and primary
health care is well placed for this.

Although doctors should be aware of the difficulties in defin-
ing asthma, they should not be hampered by the arguments, and
should accept the definition for childhood asthma put forward in
the consensus statement.35 Audit is now an integral part of prim-
ary care and general practitioners should start to identify the
prevalence of current asthma, that is, children who have had
symptoms of their asthma within the last 12 months. This should
give a starting point for determining the extent of undiagnosed
asthma in the community.
.Screening for asthma by questionnaire is relatively easy, cheap

and reliable, and a compilation of validated questions used in
many studies is given in Appendix 1. Such a questionnaire can

be used as a guide in any screening programme and is not
intended as a comprehensive catalogue of all the necessary ques-
tions that can be used to help make a diagnosis.
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An exercise test can be used successfully in the context of a
research project but does not necessarily need to be used as a
screening procedure. It can be reserved for those patients in
whom the diagnosis is still in doubt or where exercise-induced
asthma may cause the child undue difficulty in school, at games
or at play. Exercise testing does not require a laboratory setting
but needs to be medically supervised with bronchodilators avail-
able if required. Supervision, encouragement, a sense of achieve-
ment and fun are all motivating factors.

There is now increasing evidence to support the concept that
chronic obstructive airways disease in adulthood begins in child-
hood.63-66 Improved systems of monitoring of respiratory ail-
ments in childhood will mean better epidemiological data being
made available to afford an improved understanding of the rela-
tionship between asthma and other respiratory illnesses both in
childhood and adulthood. Computers will aid surveillance and
observation, and accurate recording needs to be encouraged. We
should seize the opportunity to look at catarrhal illnesses in chil-
dren as a possible precursor to latent or potential asthma.
As primary health care is at the forefront of asthma manage-

ment, early diagnosis as a result of screening should lead to early
intervention. By adopting a stepwise approach to management
the use of prophylactic therapy should lead to better asthma con-
trol and improved quality of life for patients.

Appendix 1. Questions which may be used on a questionnaire screening
for asthma in children.

Wheeze
* Has your child ever had episodes of wheeziness in the chest (that is,

breathing with a whistling sound coming from the chest and not the
throat)?

* Does your child wheeze with exercise, at night, with colds, without
colds, in cold air or in contact with animals?

* Does your child suffer from attacks of shortness of breath with
wheeze, wheezing or shortness of breath on exercise?

Cough
* Does your child cough more (or get more coughs) than other chil-

dren?
* Does your child usually (that is, more than half of the time) cough

with colds, with exercise, without colds, at night, with emotion or on
contact with animals?

Chest tightness
* Has your child ever said his/her chest felt tight or the child's breath-

ing become difficult? Does this occur with exercise, cold air or at
night?

Shortness ofbreath
* Does your child get more short of breath than other children of same

age when walking or when running?
* Has your child ever complained of unexpected breathlessness at rest

(that is, feeling out of breath or puffed)?

Chest illnesses
* Has your child missed school for more than one week on two or more

occasions in the last 12 months or been told that he or she has had
bronchitis or a chest infection on two or more occasions in the past
12 months?

* Do colds usually (more than half of the time) go on to your child's
chest?

References
1. Partridge MR. Should chest physicians run asthma clinics? Respir

Dis Pract 1989; 6: 5-7.

2. Anderson HR. Increase in hospital admissions for childhood
asthma: trends in referral, severity and readmissions from 1970 to
1985 in a health region of the United Kingdom. Thorax 1989; 44:
614-619.

3. Silverman M. Asthma in childhood. London: Current Medical
Literature, 1985.

4. Burney PJL. Asthma mortality in England and Wales. Evidence for a
further increase, 1974-1984. Lancet 1986; 2: 323-326.

5. Fleminig DM, Crombie DL. Prevalence of asthma and hay fever in
England and Wales. BMJ 1987; 294: 279-283.

6. Hay JFC, Higgenbottom TW. Has the management of asthma
improved? Lancet 1987; 2: 609-611.

7. Anderson HR. Is the prevalence of asthma changing? Arch Dis Child
1989; 64: 172-175.

8. Burr ML, Butland BK, King S, Vaughan-Williams E, et al. Changes
in asthma prevalence; two surveys 15 years apart. Arch Dis Child
1989; 64: 1452-1456.

9. Hill RA, Williams J. Change in use of asthma as a diagnostic label
for wheezing illnesses in schoolchildren. BMJ 1989; 299: 898.

10. Britton J. Asthma's changing prevalence. BMJ 1992; 304: 857-858.
11. Pearson R. The case for asthma clinics in general practice. Mod Med

1988; 33: 125-128.
12. Charlton I. Asthma clinics: setting up. Practitioner 1989; 133:

1359-1362.
13. Levy M, Bell L. General practice audit of asthma in childhood. BMJ

1984; 289: 1115-1118.
14. Jones K. Asthma- still a challenge for general practice. J R Coll

Gen Pract 1989; 39: 254-256.
15. Gellert AR, Gellert SL, Iliffe SR. Prevalence and management of

asthma in a London inner city general practice. Br J Gen Pract 1990;
40: 197-201.

16. Jones A, Sykes A. The effect of symptom presentation on delay in
asthma diagnosis in children in general practice. Respir Med 1990;
84: 139-142.

17. Martys CR. Asthma care in Darley Dale: general practitioner audit.
BMJ 1992; 304: 758-760.

18. Hilton S, Sibbald B, Anderson HR,Freeling P. Controlled evaluation
of the effects of patient education on asthma morbidity in general
practice. Lancet 1986; 1: 26-29.

19. Aretaeus. The extant works ofAretaeus the Cappadocian. London:
Sydenham Society, 1856: 255-258, 410-416.

20. Schneider CV. Liber primum de catarrhis. Wittenburg, Germany:
T Mevii and E Schumacher, 1660.

21. Lower R. De catarrhis. London: Dawson, 1967.
22. Willis T. Pharmaceutis rationalis or the operations of medicine in

human bodies. In: Ofan asthma. London: Dring and Harper, 1684.
23. Floyer J. A treatise of the asthma. London: R Wilkin, 1710.
24. Cullen W. First lines of the practice ofphysic. 4th edition.

Edinburgh: Elliot, 1784.
25. Salter HH. On asthma. 2nd edition. London: John Churchill, 1868.
26. Rackemann FM, Edwards MC. A follow-up study of 688 patients

after an interval of twenty years. N Engl J Med 1943; 246: 815-823.
27. Ciba Foundation guest symposium. Terminology definitions and

classification of chronic pulmonary emphysema and related
conditions. Thorax 1959; 14: 286-299.

28. American Thoracic Society. Definitions and classifications of
chronic bronchitis, asthma and pulmonary emphysema. Am Rev
Respir Dis 1962; 85: 762-768.

29. Scadding JG. Definition and clinical categories of asthma. In:
Clark TJH, Godfrey S (eds). Asthma. London: Chapman and Hall,
1977.

30. Konig P. Hidden asthma in childhood. Am J Dis Child 1981; 135:
1053-1055.

31. Spelman R. Chronic or recurrent cough in children - a presentation
of asthma? J R Coll Gen Pract 1984; 34: 221-222.

32. Anderson HR, Bailey PA, Cooper JS, Palmer JC. Influence of
morbidity, illness label, and social, family and health service factors
on drug treatment of childhood asthma. Lancet 1981; 2: 1030-1032.

33. Speight ANP, Lee DA, Hey EN. Underdiagnosis and undertreatment
of asthma in childhood. BMJ 1983; 286: 1253-1256.

34. Gross NJ. What is this thing called love? Or defining asthma
[editorial]. Rev Respir Dis 1980; 121: 203-204.

35. Warner JO. Asthma: a follow-up statement from an international
paediatric asthma consensus group. Arch Dis Child 1992; 67:
240-248.

36. Home MEC. The asthma and bronchitis clinic for children in general
practice. Update 1975; 10: 759-766.

37. Strachan D. Wheezing presenting in general practice. Arch Dis Child
1985; 60: 457-460.

38. Toop LJ. Active approach to recognising asthma in general practice.
BMJ 1985; 290: 1629-1631.

39. Usherwood TP, Barber JH. General practice audit of care of children
with asthma. BMJ 1985; 291: 254.

182 British Journal of General Practice, April 1994



A Jones Review article

40. Den Bak JH. Prevalence and management of asthma in children
under 16 in one practice. BMJ 1986; 292: 175-176.

41. Usherwood TP. Factors affecting estimates of the prevalence of
asthma and wheezing in childhood. Fam Pract 1987; 4: 318-321.

42. Hart JT. Wheezing in young children: problems of measurement and
management. JR Coll Gen Pract 1986; 36: 78-8 1.

43. Gregg I. Epidemiological research in asthma: the need for a broad
perspective. Clin Allergy 1986; 16: 17-23.

44. Gregg I. Epidemiological aspects. In: Clark TJH, Godfrey S (eds).
Asthma. 2nd edition. London: Chapman and Hall, 1983.

45. Smith JM. The prevalence of asthma and wheezing in children. Br J
Dis Chest 1976; 70: 73-77.

46. Kelly WJ, Hudson I. Childhood asthma and adult lung function. Am
Rev Respir Dis 1988; 138: 26-30.

47. Robertson CF, Heycock E, Bishop J, et al. Prevalence of asthma in
Melbourne schoolchildren: changes over 26 years. BMJ 1991; 302:
1116-1118.

48. Ninan TK, Russell G. Respiratory symptoms and atopy in Aberdeen
schoolchildren: evidence from two surveys 25 years apart. BMJ
1992; 304: 873-875.

49. Sibbald B, Rink E, D'Souza M. Is the prevalence of atopy
increasing? Br J Gen Pract 1990; 40: 338-340.

50. Milner T. Definition and natural history of childhood asthma. In:
Childhood asthma: diagnosis, treatment and management. London:
Martin Dunitz, 1987.

51. Pattemore PK, Asher MI, Harrison AC, et al. The interrelationship
among bronchial hyperresponsiveness, the diagnosis of asthma and
asthma symptoms. Am Rev Respir Dis 1990; 142: 549-554.

52. Cockroft DW, Berscherd BA, Murdock KY. Unimodal distribution
of bronchial responsiveness to inhaled histamine in a random human
population. Chest 1983; 5: 751-754.

53. Clough JB, Holgate ST. The natural history of bronchial
hyperresponsiveness. Clin Rev Allergy 1989; 7: 257-278.

54. Dodge RR, Burrows B. The prevalence and incidence of asthma and
asthma-like symptoms in a general population sample. Am Rev
RespirDis 1980; 122: 567-575.

55. Mortagty AK, Howell JBL, Waters WE. Respiratory symptoms and
bronchial reactivity: identification of a syndrome and its relation to
asthma. BMJ 1986; 293: 525-529.

56. Ayres JG. Late onset asthma: this common clinical syndrome needs
appropriate management. BMJ 1990; 300: 1602.

57. Fry J. The catarrhal child London: Butterworths, 1961.
58. Anderson HR, Bland J, Peckham C. Risk factors for asthma up to 16

years of age. Evidence from a national cohort study. Chest 1987; 91:
127s-130s.

59. Zach MS, Schnall RP, Landau LI. Upper and lower airway
hyperreactivity in recurrent croup. Am Rev Respir Dis 1980; 121:
979-983.

60. Henry RL, Hodges IGC, Milner AD, Stokes GM. Respiratory
problems 2 years after acute bronchiolitis in infancy. Arch Dis Child
1983; 58: 713-716.

61. Wilson JMG. Some principles of early diagnosis and detection. In:
Smith G (ed). Teaching. London: Office of Health Economics Press,
1965.

62. Jones A, Bowen M. Screening for childhood asthma using an
exercise test. Br J Gen Pract 1994; 44: 127-131.

63. Samet JM, Tager IB, Speizer FE. The relationship between
respiratory illness in childhood and chronic airflow obstruction in
adulthood. Am Rev Respir Dis 1983; 127: 508-523.

64. Phelan PD. Does adult chronic obstructive lung disease really begin
in childhood? Br J Dis Chest 1984; 78: 1-8.

65. Barker DJP, Osmond C. Childhood respiratory infection and adult
chronic bronchitis in England and Wales. BMJ 1986; 293:
1271-1275.

66. Gold DR, Tager IB, Weiss ST, et al. Acute lower respiratory illness
in childhood as a predictor of lung function and chronic respiratory
symptoms. Am Rev Respir Dis 1989; 140: 877-884.

67. Bumey PGL, Laitinen LA, Perdrizet S, et al. Validity and
repeatability of the IUATLD (1984) bronchial symptoms
questionnaire: an international comparison. Eur Respir J 1989; 18:
165-173.

68. Schecker MB, Samet JM, Speizer FE. Risk factors for childhood
respiratory disease: the effect of host factors and home environment.
Am Rev Respir Dis 1983; 128: 1038-1043.

69. Sibbald B. Patient self care in acute asthma. Thorax 1989; 44:
97-101.

70. Godfrey S, Kamburoff PL, Nairn JR. Spirometry, lung volumes and
airway resistance in normal children aged 5-18 years. Br J Dis Chest
1970; 64: 15-24.

71. Gregg I, Nunn AJ. Peak expiratory flow in normal subjects. BMJ
1973; 3: 282-284.

72. Horn MEC, Gregg I. Role of viral infection and host factors in acute
episodes of asthma and chronic bronchitis. Chest 1973; 63: 44s-48s.

73. Russell G, Jones SP. Selection of skin tests in childhood asthma.
Br JDis Chest 1976; 70: 104-106.

74. Martin AJ, Landau LI, Phelan PD. The natural history of allergy in
asthmatic children followed to adult life. Med JAust 1981; 2:
470-474.

75. Committee on Safety of Medicines. Update. Densensitizing vaccines.
BMJ 1986; 293: 948.

76. Herxheimer H. Hyperventilation asthma. Lancet 1946; 1: 83-87.
77. Capel LH, Smart J. The forced expiratory volume after exercise,

forced inspiration and the Valsalva and Muller manoevres. Thorax
1959; 14: 161-165.

78. Engstrom I, Karlberg P, Kraepelien S, Engler G. Respiratory studies
in children VIII. Acta Paediatr Scand 1960; 49: 850.

79. McNeill RS, Nairn JR, Millar JS, Ingram CG. Exercise induced
asthma. Q JMed 1966; 35: 55-67.

80. Jones RS, Buston MH, Wharton MJ. The effect of exercise on
ventilatory function in the child with asthma. Br J Dis Chest 1962;
56: 78-85.

81. Anderson SD, Connolly W, Godfrey S. Comparisons of
bronchoconstriction induced by cycling and running. Thorax 1971;
26: 369-401.

82. Silverman M, Anderson SD. Standardization of exercise tests in
asthmatic children. Arch Dis Child 1972; 47: 882-889.

83. Godfrey S, Silverman M, Anderson S. Problems of interpreting
exercise induced asthma. JAllergy Clin Immunol 1973; 52:
199-209.

84. Balfour-Lynn L, Tooley M, Godfrey S. Relationship of exercise-
induced asthma to clinical asthma in childhood. Arch Dis Child
1981; 56: 450-454.

85. Eggleston PA. A comparison of the asthmatic response to
methacholine and exercise. JAllergy Clin Immunol 1976; 63:
104-110.

86. Blackhall MI. Ventilatory function in subjects with childhood
asthma who have become symptom free. Arch Dis Child 1970; 45:
363-366.

87. Konig P, Godfrey S. Exercise-induced bronchial lability and atopic
status of families of infants with wheezy bronchitis. Arch Dis Child
1973; 48: 942-946.

88. Tsanakas JN, Milner RDG, Banister OM, Boon AW. Free running
asthma test. Arch Dis Child 1988; 63: 261-265.

89. Burr M, Eldridge A, Borysiewicz LK. Peak expiratory flow rates
before and after exercise in schoolchildren. Arch Dis Child 1974; 49:
923-926.

90. Jones A. Use ofan exercise challenge testfor detecting possible
asthma in children in general practice and its relationship to their
atopic status [MD thesis]. Cardiff: University of Wales College of
Medicine, 1992.

91. Adelroth E, Hargreave FE, Ramsdale EH. Do physicians need
objective measurements to diagnose asthma? Am Rev Respir Dis
1986; 134: 704-707.

92. Stanescu DC, Frans A. Bronchial asthma without increased airway
reactivity. Eur JRespir Dis 1982; 63: 5-12.

93. Britton J, Tattersfield AE. Does measurement of bronchial
hyperreactivity help in the clinical diagnosis of asthma? Eur J Respir
Dis 1986; 68: 233-238.

94. Hopp RJ. Bewtra AK, Nair NM, et al. Methacholine inhalation
challenge studies in a selected paediatric population. Am Rev Respir
Dis 1986; 134: 994-998.

95. Sears M, Jones DT, Holdaway MD, et al. Prevalence of bronchial
reactivity to inhaled methacholine in New Zealand children. Thorax
1986; 41: 283-289.

96. Burney PGJ, Britton JR, Chinn S, et al. Descriptive epidemiology of
bronchial reactivity in an adult population: results from a community
study. Thorax 1987; 42: 38-44.

97. Salome CM, Peat JK. Britton WJ, Woolcock AJ. Bronchial
hyperresponsiveness in two populations of Australian schoolchildren.
I. Relation to respiratory symptoms and diagnosed asthma. Clin
Allergy 1987; 17: 271-282.

Acknowledgements
My thanks to Mrs S Looker and Mrs R Thomas for their help in preparing
the manuscript and the West Glamorgan Family Health Services Authority
for their support.

Address for correspondence
Dr A Jones, Princess Street Surgery, Princess Street, Gorseinon, Swansea
SA4 2US.

British Journal of General Practice, April 1994 183


