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Childhood asthma in adult life: a further study at 28 years of age

W J W KELLY, I HUDSON, P D PHELAN, M C F PAIN, A OLINSKY

Abstract
A group of 323 subjects who had wheezed in childhood and
48 control subjects of the same age were studied prospectively
from 7 to 28 years of age. A classification system based on
wheezing frequency was found to correlate well with clinical and
spirometric features of airway obstruction. The amount of
wheezing in early adolescence seemed to be a guide for severity-in
later life with 730/%ofthose with few symptoms at 14 continuing to
have little or no asthma at 28 years. Similarly 68% of those with
frequent wheezing at 14 still suffered from recurrent asthma at
28 years. Most subjects with frequent wheezing at 21 continued
to have comparable asthma at 28 years. Ofthose with infrequent
wheezing at 21, 44% had worsened at 28 years. Women fared
better than men between 21 and 28 with 19% having worse
symptoms compared with 28% ofmen. Treatment at all ages was
generally inadequate. The number of smokers among those with
asthma was of concern.

Introduction
This paper reports the progress of a group of asthmatics who have
been studied for 21 years from the age of 7. The study of the clinical
course ofany chronic illness is best achieved by the long term follow
up of a representative matched group of subjects sampled to cover
the full range of the disease. The course of asthma can be
documented only in this way, but few studies have been reported.
These have either been hospital or clinic based,'-3 with the potential
for biased selection, or community based, with the problems arising
from movement in and out of the community and from the
heterogeneity of ages studied."' Unfortunately, studies on the
epidemiology ofasthma have generally used different definitions of
the disease, making direct comparison between them difficult.' 245
McNicol and Williams7-9 and Martin et al""'4 described a com-

Departments of Thoracic Medicine, Royal Children's and Royal Melbourne
Hospitals, Melbourne, Australia

W JW KELLY, FRAcP, research fellow
I HUDSON, Msc, PHD, biostatistician, Royal Children's Hospital
P D PHELAN, FRAcp, professor of paediatrics, University ofMelbourne
M C F PAIN, iFacP, director, department of thoracic medicine, Royal
Melbourne Hospital

A OLINSKY, FRAcp, director, department of thoracic medicine, Royal
Children's Hospital

Correspondence to: DrW JW Kelly, Departnent of Thoracic Medicine, Royal
Children's Hospital, Parkville, Victoria, Australia, 3052.

munity based group of children with asthma who had been
randomly selected from one age cohort and studied to the ages of 14
and 21 respectively. This paper describes the state of their asthma at
28 years and the course of their illness from 21 to 28.

Subjects and methods
In 1964, 401 children were randomly selected from roughly 30000

7 year olds living in Melbourne, Victoria. They comprised 106 children who
had never wheezed and 295 who had been identified by questionnaire and
interview as having wheezing of variable severity. These children were
studied at 7 years of age and were recalled at the age of 10 for further
investigation. At that stage a further 83 children from the same age cohort
but with more severe asthma were added to the original study group. The
subjects were not part ofa clinic based population and the investigators were
not responsible for theiranagement: one ofthe conditions laid down by the
local medical association for its cooperation was that no advice about
management would be offered to the subjects or their families.
When the subjects had reached the age of 14 they were recalled and

examined; 329 (82%) of the original group were seen (a slightly higher
proportion of children with asthma attended than controls) together with 68
of the additional 83 children with asthma. Four grades of severity were
defined at that time7: class A-children with no more than five episodes of
wheezing up to 14 years of age; class B-children with more than five
episodes of wheezing but none in the 12 months before examination;
class C-children with a continuing history ofasthma over several years who
had continued to wheeze in the previous 12 months; class D-children with
very frequent or unremitting asthma.
The group was restudied at the age of 21 in 1978-9, when 408 subjects

were contacted. A full review was performed on 342, and questionnaire data
only were obtained from a further 66. A new severity classification was
defined as definitions used at 14 years could only be used at that age'0: class
W-subjects who had not wheezed for three or more years before the age of
21; class X-subjects who had wheezed in the previous three years but not in
the previous three months; class Y-subjects who had wheezed in the
previous three months but whose frequency ofwheezing was less than once a
week; class Z-subjects who had wheezed more frequently than once a week
in the previous three months.

In the 12 months from March 1985, 371 of the original group were
restudied (323 with wheezing in childhood and 48 controls). This comprised
a full review in 286 (77%) and a postal questionnaire in 85 (23%). The full
study consisted of a questionnaire, physical examination, skin testing with
five common allergens, and respiratory function tests. Blood was taken for
eosinophil counts and IgE concentration. The questionnaire and the
definitions used in the physical examination at 21 were followed as closely as
possible at the 28 year review. The class definitions developed at 21 were
used again at 28 with the exception that the class names were changed:
class W was renamed class S, X became T, Y became U, and Z became V.
The same investigator performed all the interviews, examinations, and tests.
The dynamic lung volumes were measured using an 8 litre, dry rolling seal

spirometer (Morgan TLCtest, P K Morgan, Chatham, Kent) and corrected
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to body temperature and pressure, saturated. Standard prediction equations
were used for both subjects with asthma and controls.'" 16
Each subject answered detailed questions concerning treatment, and an

attempt was made to assess the level of treatment each subject with asthma
was receiving and to grade them according to their class. Adequate treatment
for class S was no treatment; for subjects in class T bronchodilators that
were used in acute attacks only; for class U regular bronchodilators alone,
regular sodium cromoglycate with intermittent bronchodilators, or inhaled
corticosteroids with regular bronchodilators; and for class V regular
bronchodilators alone or with regular inhaled corticosteroids or sodium
cromoglycate. Oral corticosteroids may have been used for either short or
prolonged periods. This classification was very similar to that used at
21 years to allow comparison of treatment at both ages."

Statistical analysis was done by the SPSSX statistical computing package
on a Vax 11/780 computer at the Computer Services Centre, University of
Melbourne, and the StatView Statistics Utility on an Apple Macintosh
personal computer. Groups were compared using the x2 test or Student's
t test as appropriate.

Results
The numbers of subjects seen at both 21 and 28 years and their grades are

given in table I. A total of 408 subjects had been seen at 21 years, of whom
362 were seen at 28 years. Nine subjects seen at 14 years but not at 21 were

studied also: they have been included in the description of the group at 28,
but have been omitted from any comparisons of the group at 28 with that at
21. The overall recall of the 21 year group at 28 was 89% with similar recall
for each ofthe 21 year groups; 77% of those seen at 10 were seen at 28 years.
Seven of the controls seen at 21 gave a history ofwheezing before the 28 year
study and were placed in the appropriate group.
The sex ratio in each group at 14, 21, and 28 years is shown in table II. The

marked imbalance towards males in the 14 year classes C and D lessened over
the intervening years. At the start of the study, more boys with severe
asthma were included, reflecting the community prevalence ofthe disease at
those ages, and hence, there were more males in the study.

Progress from 21 to 28 years according to sex was as follows: among the
men 59 (28%) moved to a worse class, 36'(17%) to a better class, and in 116
(55%) there was no change. Among the women the figures were 28 (190/), 38
(25%), and 85 (56%) respectively. While the majority of both sexes had not
altered the severity-of their asthma, significantly more men than women had
moved to more severe groups (p<0 05).
The occurrence in the three years before the interview of hay fever,

eczema, and urticaria ofany severity are shown in table III. Additionally, the
presence of episodes of productive cough in the previous 12 months are
shown. The presence of urticaria was not a distinguishing feature in any-of
the classes, unlike hay fever for groups T, U, and V and eczema for group V.:
A productive cough was significantly more common in groups U and V.

Table IV shows the incidence of significant abnormal findings on physical
examination. Abnormal nasal mucosa refers to the presence of either pale
oedematous mucosa or hyperaemic mucosa. Only in the most severe class,
V, were the presence of clinical chest hyperexpansion and wheezing on
auscultation more common than in the control group. Other abnormalities
of chest shape such as pigeon chest, funnel chest, and Harrison's sulci did
not differ significantly between the groups. Crackles on auscultation were

TABLE i-Numbers ofsubjects seen at both 21 and 28years. Figures inparentheses after
21 year numbers represent percentages ofeach 21year old class seen at 28

Class

Control W/S X/T Y/U Z/Y Total

21 Years 55 (89) 100 (88) 62 (91) 79 (90) 66 (86) 362
28 Years 48 105 67 71 80 371

Nine subjects who were last seen at 14 years were seen again at 28.

TABLE II-Male:female ratio ofclasses seen at various ages

Class

Controls A/W/S B/X/T C/Y/U D/ZN

14 Years 49:51 42:58 -62:38 68:32 80:20
21 Years 50:50 64:36 65:35 60:40 60:40
28 Years 50:50 6139 57:43 56:44 65:35

TABLE IiI-Presence ofassociated conditions. Figures represent numbers in each group
(percentage in parentheses)

Class

Controls S T U V

Hay fever 16 (33) 49 (47) 37 (55) 42 (59) 51 (64)
p value NS * ** ***
Eczema 6(13) 17 (16) 15 (22) 17 (24) 33 (41)
p value NS NS NS *
Urticaria 4 (8) 13 (12) 10 (15) 6 (8) 10 (13)
p value NS NS NS NS
Productive cough 4 (8) 4 (4) 9(13) 31 (44) 24 (30)
p value NS NS *** **

Total number of subjects 48 105 67 71 80

*=p<0-05; **=p<O.0l; ***=p<0.00l.

TABLE iv-Features ofphysical examination. Figures represent numbers in each group
(percentage in parentheses)

Class

Controls S T U V

Abnormal nasal mucosa 4(8) 9(8) 12 (18) 28 (39) 33 (41)
p value NS NS *** *
Cough at interview 4(8) 10 (9) 8 (12) 16 (23) 26 (33)
p value NS NS * **
Barrel chest 2 (4) 0 (0) 5 (8) 3 (4) 18 (23)
p value NS -NS SNS
Wheeze at rest 4(8)- 0 (0) 9(13) 11(15) 30 (38)
p value NS NS NS ***
Wheeze after coughing 2 (4) 0 (0) 6 (9) 1 (2) 27 (34)
p value NS NS NS *

Total number of subjects 48 105 67 71 80

*=p<0o05; **=p<O-Ol ***=p<O-001.

present in 3-5% ofthe total group, with no class predominating. Mean blood
pressures for the group were 122/76 mmHg (SD 15/9) with no appreciable
difference between the various classes. A breakdown of heights and weights
for the various classes showed no difference between the controls and any of
the subjects with asthma.
The results of spirometry for each class are shown in table V. The vital

capacity was similar in all groups, but the forced expiratory volume in one
second, forced expiratory volume in one second/vital capacity, and the
forced expiratory flow between 25% and 75% of the forced vital capacity
were all significantly lower in classes T, U, and V than in the control group.

There was no difference in either current smoking habits or history
expressed in pack years between the controls and any of the study groups.
Table VI shows the current smoking habits of the groups.

Subjects' data were analysed for adequacy of treatment at 21 and
28 years. At 21 those subjects who received adequate treatment were as
follows: class X/T 11 (18% of the total of original subjects' in the group),
class Y/U nine (11%), and class Z/V 26 (39%b); at age 28 the numbers were
class XIT 17 (25%), Y/U nine (13%), and Z/V 56 (70%). The adequacy of
treatment was not appreciably different at 21 and 28.
The 14 and 28 year old classes ofthose subjects seen at both ages are shown

in table VII. The different classes cannot be directly compared but general
inferences can be drawn. Forty four subjects who were not seen at 14 but
who participated in other phases of the study are included in this table. Of
the control group seen since 14, 32% had started to wheeze over the past
14 years, with one subject falling into the severest group (class V). Most
subjects at 14 with little or no wheezing (classes A and B) still had minimal
symptoms at 28, with 73% of these two groups being in classes S and
T. Those with frequent wheezing at 14 (classes- C and D) remained
symptomatic, with 69% ending in the equivalent groups at 28 years, classes
U and V.
The classes at 21 and 28 could be directly compared and the groups be

further classified according to the change in grade from 21 to 28 years-that
is, worse, the same, or improved. The 21 year old classes of the subjects still
being seen and their change in class at 28 years are shown in table VIII. Most
subjects in classesW and Z remained in the equivalent groups at 28 years.
Some subjects who had wheezed infrequently in the previous 12 months
when seen at 21 did show some tendency for a worsening of their asthma by
28, 44% moving to a more severe grade. Overall 154 (50%) of the asthmatics
stayed in the equivalent group, 79 (26%) worsened, and 73 (24%) improved.
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Discussion

The results reported here confirm and extend the findings of the
previous reviews of these subjects. At the age of 21 about half the
subjects who had had minor wheeze in childhood had stopped
wheezing, and in most of the remainder wheeze continued to be
trivial. Only a quarter of those with frequent episodes of asthma
over a number of years in childhood were wheeze free at 21. Ninety
five per cent-of those with persistent asthma in childhood continued
to have asthma at 21, and in the majority this--continued to be
persistent.
Between 21 and 28 years there were no substantial changes mi the

pattern of asthma. About equal numbers of subjects improved and
became worse. About a third of those who had persistent asthma at
21 improved, but this was matched by deterioration in about 40% of
those with frequent episodes of asthma at 21.

Of particular interest was the recurrence of wheeze in 31% of
those who were wheeze free at 21; many of these subjects had only
trivial wheeze during childhood and would probably not be able to
recall this. They could well be labelled "adult onset asthma." The
development ofwheeze in some control subjects who were selected
at 7 with no history of wheeze was of concern but difficult to
interpret because of-the small numbers.

In the early phases of this study Williams and McNicol'7 showed
that wheezy bronchitis and asthma were different labels for the same
disease. They found that the frequency of wheezing correlated well
with severity and prognosis.7 At the 1978 review Martin et al'0 found
a similar relation between wheezing frequency, disease severity,
airway reactivity, and prognosis. In this group at all stages,
therefore, asthma has been defined as the presence ofany wheezing,
with the frequency of that wheezing being a measure of the severity
of the illness. The advantage of such a general definition is that it

TABLE V-Spirometry values

Forced expiratory volume in Forced expiratory volume in Forced expiratory flow between 25% and 75%
Vital capacity one second one second/vital capacity of the forced vital capacity

Controls 103-3 (11-9) 109-8 (14-5) 105 7 (8-4) %-7 (24-4)
ClassS 102-5(11-7) 107-3(12-9) 104-3 (7-8) 94-6(25-4)
p value NS NS NS NS
Class T 100-5 (13-1) 987 (15-1) 97-9(10 8) 759 (216)
p value NS **
Class U 100-6 (13 7) 99-9 (14-8) 98-9 (10-1) 80-3 (26-6)
p value NS ** ** **
Class V 98-9 (13-7) 87-3 (18-7) 88-0 (15-5) 55-9 (23-0)
p value NS

Figures represent mean (SD) percentage-predicted. Analysis was performed by the t test with pooled variance estimates. NS=not significant; *=p<005;
**=p<O-OI; ***=p<O O0l.

TABLE Vi-Current smoking habits. Figures represent numbers of subjects (percentage
in parentheses)

<20 ¢20 Total number
Non-smoker Cigarettes/day Cigarettes/day of subjects in group

Controls 32 (67) 10 (21) 6 (12) 48
Class S 70 (67) 21 (20) 14 (13) 105
Class T 36 (54) 18 (27) 13 (19) 67
Class U 41(58) 18 (25) 12 (17) 71
Class V 47 (59) 20 (25) 13 (16) 80

Total 226 (61) 87 (23) 58 (16) 371

TABLE viI-Outcome ofsubjects seen at 14 years ofage. Figures represent numbersfrom
each 14 year old group who were seen at 28 (percentage in parentheses)

No in 14 year 28 Year classes
classes seen
at 28 years Control S T U V

14 Year classes:
Control 69 47 (68) 9(13) 6 (9) 6 (9) 1 (1)
Class A 50 26 (52) 12 (24) 11 (22) 1 (2)
Class B 74 41 (55) 11 (15) 14 (19) 8 (11)
Class C 77 12 (16) 17 (22) 23 (30) 25 (32)
Class D 47 1 (2) 9(19) 5 (11) 32 (68)

Not seen at 14 45 14(32) 11(24) 11(24) 9(20)

TABLE VIII-Outcome ofsubjects seen at 21 and 28years. Figures represent numbers of
each group (with percentages in parentheses)

Change in class from 21 to 28 years

Worse Same Improved Total

Control 8 (15) 47 (85) - 55
ClassW 31 (31) 69 (69) - 100
Class X 27 (44) 16 (26) 19 (31) 62
Class Y 21 (27) 25 (32) 33 (41) 79
Class Z - 44 (67) 22 (33) 66

minimises the underrepresentation of subjects with milder asthma
that may occur with more specific criteria.
A major problem with epidemiological studies of asthma is the

different definitions used for the disease, ours being no exception.
For example, the early studies of Rackemann and Edwards,'
Bullen, 19 Ogilvie,20 and Buffum and Settipane"' were retrospective
studies of subjects diagnosed in hospital clinics or by one of the
workers in each group. Schacter et al asked their subjects whether
they had ever had asthma or, separately, wheezing.6 The more
recent studies of Dodge and Burrows,22 Broder et al15 and Peat et aF3
have all required the previous diagnosis of asthma by a medical
practitioner. Some have not defined the disease at all.' 24 All these
studies have probably underestimated the prevalence ofasthma for
a number of reasons. Retrospective studies are bedevilled by
problems of subject memory while groups from medical practices
tend to represent the more severe cases. The work of Speight et aP5
and Marks and Hillier26 would suggest that subjects with mild
asthma may not be recognised by their local medical practitioner or
seek medical help and, hence, may not be included in studies that
require this diagnosis. We believe the major value of long term
follow up studies of asthma, such as the one reported here, is in
delineating the course of the disease rather than giving absolute
values to the prevalence of the asthma in a particular community.
Our data suggest that the use of wheezing frequency remains a

useful measure of the severity of asthma as evidence of increased
airways obstruction is more apparent in the more severe groups.
None of the features examined separated those in class S from the
control group. The presence of hay fever was progressively more
common in those with asthma, but only class V had significantly
more eczema than the controls. Abnormalities on physical examina-
tion were present particularly in groups U and V. The cardinal signs
of airways obstruction, expiratory wheeze, and a hyperexpanded
chest were found in significant proportions in class V only. It is clear
from the proportions of the total group with abnormalities on
examination that they are appreciably different from the average
hospital clinic population.
The progress of the group as a whole can be accurately assessed

from 21 to 28 because the same severity classification was used at
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both ages. The classes defined at 14 used different criteria but can be
approximated to the present grades. Of the 14 year old group as a
whole 32% had been wheeze free for at least three years when seen at
28 years with 27% of the group continuing to wheeze at least once a
week. A further 41% complained of less frequent wheezing.
Recurrence ofwheezing had occurred in 27% of those with minimal
symptoms at 14. These figures are in broad agreement with some
earlier studies; of the prospective studies, Johnstone' found that
25% of his group had ceased wheezing, while Blair2 in a larger study
reported that 28% had had no asthma'for more than two years before
the review. He also stated that 48% had continued to have chronic
asthma but this may have reflected an initial bias in selection. A
number of retrospective studies of sufficient length have been
reported. Rackemann and Edwardsl8 found -that 31% of their
subjects reported being "cured," while 10-90/o still suffered "severe"
asthma. Buffum and Settipane, however, who studied a group of
private patients, found that 41% were wheeze free after 10 years and
55% after 20.21 Similar remission rates were found by Barr and
Logan27 and Ogilvie.2" These studies relied on questionnaires to
obtain their data, and there was no interview, examination, or lung
function testing for objective evidence ofairways obstruction.

Contrary to the findings at 21 years ofage, significantly more men
than women (28% v 19%) suffered a worsening of their asthma,
reversing the trend for the sexes to be more evenly distributed in the
most severe group. Other studies that have followed subjects into
adulthood have found either no sex difference in prognosis2324 or
that women tended to wheeze more than men.27
The symptomatic groups were still undertreated by the criteria of

Martin et al.'I Only in the most severe group had there been any
improvement in the numbers deemed to be adequately treated.
These findings are ofconcern as it is possible that the degree offixed
airways obstruction may be altered over time with adequate
bronchodilatation.28 Of concern also was that many of the subjects
with asthma continued to smoke. In the two most severe groups
42% and 41% respectively were smoking, with potentially im-
portant effects on their airway reactivity and small airway function.

In summary, we have presented data on a group of subjects who
had asthma in childhood and who had been followed from the ages
of 7 to 28 years with a 77% recall rate. We have classified our group
according to their frequency of wheezing and found that this
classification correlated with the presence of other features of the
disease. The prognosis for those with frequent wheezing in early
adolescence is poor, with most still in the most severe group at
28 years. There is evidence that wheezing recurs in early adult life,
suggesting that the prognosis for those with mild asthma may not be
as favourable as popularly thought.

We thank Joan Raven and Anna Lanigan for their technical help.
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SHORT REPORTS

Lyme arthritis in southern England
Lyme disease is an infection with the spirochaete Borrelia burgdorferi.
Its arthritic and neurological manifestations are often preceded by a
characteristic skin eruption, erythema chronicum migrans. The tick vector,
most commonly Ixodes ricinus, is widespread in North America and Europe.
Joint disease, well recognised in the United States,' has not been reported in
the United Kingdom, although cases from East Anglia,2 Scotland, and
Southampton3 have presented with erythema chronicum migrans alone or
with neurological manifestations. We report a case of Lyme disease
presenting with an asymmetric oligoarthritis after an insect bite.

Case report

In June 1986 a 55 year old woman noticed an insect bite on the left calf while
playing golf near Southampton. Three days later her left ankle became painful
and swollen. After a further four days she developed a feverish illness with a sore
throat and non-productive cough; she was treated with a seven day course of oral
phenoxymethylpenicillin 250 mg four times daily. Generalised joint pains and

swelling of both hands occurred two weeks after the bite followed by similar
manifestations in one shoulder, the knees, ankles, and forefeet. Morning
stiffness, lasting about 30 minutes, was partly relieved by ibuprofen 400mg thrice
daily. She had previously been well with no ocular, bowel, or urogenital
symptoms and had not been abroad.

She was admitted because of continuing pain two months after the insect
bite. There was a macular area of faint erythema about 5 cm in diameter on the
left calf, active synovitis of the proximal interphalangeal joints and the
metacarpophalangeal joints of both hands, and considerable bilateral flexor
tenosynovitis. The right temporomandibular joint, right shoulder, and both
knees and ankles were affected. Cardiac and neurological examination gave
normal findings.
Her haemoglobin concentration was 129 g/l, the white cell count 7 *4x 109/1, and

platelet count 339x 109/1. The erythrocyte sedimentation rate was 35 mm in the
first hour. Concentrations of rheumatoid and antinuclear factors, cryoglobulins,
and complement were normal. Serological tests for chlamydia, parvovirus (IgM),
antistreptolysin 0, Yersinia enterocoliiica, and syphilis were negative. x Ray films
of the hands and feet showed no erosive changes. A chest radiograph and
electrocardiogram were normal. Serum titres of IgG antibodies against B
burgdorferi by indirect immunofluorescence were 1/512 and 1/1024 in samples
taken three and 10 weeks respectively after the onset of arthritis. (Titres below
1/256 are considered not significant.)


