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ABSTRACT: The study compared the ability of characteristics defined by an asthma
survey (wheeze versus cough and asthma diagnosis versus no diagnosis) to predict
later respiratory problems in a cohort of 108 schoolchildren who had reported either
recent wheeze or recurrent cough in a 1987 asthma survey.

The children recorded daily respiratory symptoms and peak flow from April 1989
until May 1990. The frequency and severity of lower respiratory symptom episodes
and peak flow dips were compared in the wheeze and cough groups and in the
diagnosed versus nondiagnosed children. The independent effects of initial wheeze,
atopy, diagnosis and bronchial hyperresponsiveness (BHR) on the longitudinal
outcome measures were assessed using multiple linear regression.

Children with initial wheeze had more chronic symptoms and peak flow variability
than those with cough alone, but wheeze had only a weak effect on frequency and
severity of acute lower respiratory episodes. Children with both wheeze and atopy had
more acute symptomatic episodes and more chronic symptoms than did the other
children. Children with diagnosed asthma (versus no diagnosis) had significantly more
frequent and severe lower respiratory exacerbations, more days symptomatic and
greater peak flow variability. The predictive effects of diagnosis were independent of
(and stronger than the effects of) wheeze, atopy and BHR, or combinations of these
variables.

The results suggest that among children who report respiratory symptoms, survey-
reported wheeze on its own is a weaker marker of significant respiratory disease than
is a doctor's diagnosis of asthma.
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Surveys of childhood asthma such as the International
Study of Asthma and Allergies in Childhood (ISAAC) [1]
have provided important information about worldwide
geographical differences in prevalence and severity of
asthma and other atopic disorders [2]. Such surveys
record and analyse symptoms of wheeze and nocturnal
cough, and a diagnosis of asthma as indices of asthma. In
some studies, skin testing or bronchial challenge are also
performed. Of the questionnaire items, wheeze is re-
garded as a more specific marker of asthma than recurrent
cough, and is often used as the primary index of asthma
prevalence. Asthma diagnosis is felt to be a locally var-
iable entity and an underdiagnosis is common [3]. Few
studies to date have examined how closely these survey-
derived categories predict respiratory problems over time
[4, 5] although numerous cross-sectional studies have
compared reported symptoms with bronchial hyperre-
sponsiveness (BHR) [6].

This study presented a unique opportunity to examine
this issue using longitudinal daily symptom and peak flow
data in a cohort of Southampton school children who were
selected in 1987 on the basis of asthma questionnaire
responses and atopic status. The cohort was followed in the
authors' unit until 1990. Acute and chronic respiratory

problems derived from the 1989±1990 longitudinal data
recordings could be analysed according to characteristics
available at initial selection in 1987.

The aim of the present study was to determine whether
or not children reporting wheeze in a questionnaire survey
had more acute or chronic respiratory problems than chil-
dren reporting cough without wheeze. A second aim was to
compare common survey-derived indices of asthma prev-
alence, particularly wheeze and asthma diagnosis, as pre-
dictors of later respiratory illness.

Materials and methods

The methods of selection and follow-up of the cohort
have been previously described [7, 8], and are summarized
briefly.

Study subjects

Initial selection in 1987. In 1987, CLOUGH et al. [4, 9]
surveyed 3,698 children aged 7±8 yrs in the Southampton
region for asthma symptoms. They selected a random
subsample of those children who reported asthma symp-
toms in that survey and skin-tested them with a panel of
common allergens (house dust mite, i.e. Der pl, mixed
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grass pollens, cat allergen; Bencard, Brentford, Mid-
dlesex, UK), and histamine and saline. They defined
atopy as at least one skin test positive ($2 mm wheal
diameter). They then randomly selected 48 children,
using a quota filling system, from within each of the
following four groups: 1) atopic children who reported
wheeze (with or without cough) in the previous year; 2)
atopic children who reported recurrent cough without
wheeze in the previous year; 3) nonatopic children re-
porting wheeze; 4) nonatopic children reporting recurrent
cough without wheeze.

Of the 192 children so selected, CLOUGH et al. [4, 9]
followed 183 for 12 months (1987±1988) with daily
symptom and twice daily peak flow recordings.

Ascertainment of asthma diagnosis and bronchial hy-
perresponsiveness in 1987. At recruitment to the 1987
study CLOUGH et al. [4, 9] had examined the primary
practitioner's notes of all children to ascertain if the child
had a diagnosis of asthma. They had also measured the
BHR to methacholine using the method of YAN et al. [10].
(BHR defined as the provocative dose of methacholine
causing a 20% fall in forced expiratory volume in one
second (PD20) #6.4 mmol).

Participation and informed consent in the current stu-
dy. These same children and their families were invited
to participate in a further follow-up period from 3 April
1989 to 7 May 1990 to identify and study acute res-
piratory episodes, including taking nasal aspirates and
blood tests for viruses (the results of the virus testing
have been reported elsewhere [7, 8]. The families of 114
children agreed to the current study, of which 108 suc-
cessfully completed the study.

The Southampton Hospitals Joint Ethical Committee
approved the study, and informed consent was obtained
from parents of all the children.

Study design

This was a prospective longitudinal cohort study which
was designed to identify and study acute episodes of
respiratory symptoms and peak flow variations over 1 yr of
follow-up. Daily symptoms and peak flow were recorded
for 13 months, and were analysed by computer for acute
episodes of deterioration, chronic symptoms and peak flow
variability. Summary measures of acute and chronic res-
piratory problems between 1989 and 1990 were used as
outcome measures. Multiple linear regression was used to
model the independent effects of predictive variables
obtained at the time of recruitment in 1987.

Methods

Symptom and peak flow recording. Each morning and
evening of the study, children recorded the best of three
readings of peak expiratory flow (PEF), performed on
mini-Wright peak flow meters (Clement Clarke Interna-
tional, Harlow, Essex, UK). Each evening they complet-
ed symptom records. Symptoms present (cough by day
and by night, wheeze by day and by night, difficulty
breathing, and inability to attend school because of chest
problems) were scored on a scale of 0 (absent) to 3
(severe) and the scores were added each day to give a
total lower respiratory tract (LRT) score.

Analysis

Definitions. The group of children selected for wheeze
(with or without cough) were referred to as the "children
selected for wheeze", and the group of children selected
for recurrent cough without wheeze, as the "children
selected for cough".

The word "episode" was used to indicate a respiratory
event detected by computer analysis of the children's daily
records over the entire study. These episodes have been
defined previously [11], but are described here, as they are
key terms in this analysis. Two physicians independently
went through the plotted time charts of symptoms and
PEF and decided what constituted a significant episode,
the start date and end date of each episode, and what
differentiated two consecutive episodes from one long
episode. Computer algorithms of LRT and of PEF epi-
sodes that best fitted these physicians' independent ass-
essments were chosen as follows:

A significant "episode" of LRT symptoms was defined
as a cluster of at least 2 days when total LRT symptom
scores were above that child's median symptom score for
the year, provided that scores were at or below the median
on the day before and 2 days after the cluster. The duration
of a symptom episode was defined as the number of days
the score was above the median value. The severity was
defined as the peak symptom score during the episode.
Figure 1a shows an example of a symptom episode.

Peak flow values had been adjusted for growth through
the year. A significant PEF "episode" was defined as a
cluster of at least 2 days when PEF was at or below the
child's 10th percentile for morning PEF recordings for the
year. In addition, the definition required that the PEF was
above the 10th percentile on the day before the cluster, and
at or above the median PEF for at least 2 days after the
cluster. The duration of a PEF episode was defined as the
number of inclusive days from the first day PEF was below
the 10th percentile to the day it was below the median. The
severity was defined as the greatest deviation from the
median during the episode. Figure 1b shows an example of
a PEF episode.

In this way, each child's episodes were identified against
that child's own background level of reporting, which
functioned as an internal control. The LRT and PEF epi-
sodes were identified independently of each other by
computer analysis. Thus, a single illness might qualify
either as an LRT episode, or as a PEF episode, or as both.

Outcome measures. Summary episode measures calcu-
lated for each child were: the annual rates of PEF and
LRT episodes (using each child's nonmissing follow-up
time as the denominator), the mean severity of PEF and
of LRT episodes and the mean duration of PEF and of
LRT episodes. For the purposes of group comparisons,
six children who had no LRT episodes were given a
mean severity score of zero. In addition to acute epi-
sodes, the following two indices of chronic illness were
also defined for each child: percentage of days on which
any LRT symptoms were recorded, and coefficient of
variation of morning PEF (the standard deviation as a
percentage of the mean for the whole study period).

Predictive variables. The predictive variables were all
derived from the time of entry in 1987 from the study
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of CLOUGH et al. [4, 9] as follows: 1) wheeze in the
previous 12 months reported in the initial parent-
completed questionnaire [4, 9]. The comparison groups
were those who had reported recurrent cough but no
wheeze; 2) atopy defined by skin tests as above; 3) a
previous doctor's diagnosis of asthma; and 4) BHR.

Statistical analysis

All outcome variables were log 10 transformed prior to
analysis in order to normalize distributions and stabilize
variance. For variables that had zero values, 1.0 was added
prior to taking logs. In addition, t-tests were used to assess
the effect of diagnostic status on log transformed outcome
variables. Multiple linear regression was undertaken to
assess the effects on logged outcome variables of: 1)
wheeze compared to cough after adjustment for atopic
status (because the selection of wheeze and cough groups
had been stratified by atopic status); 2) the interaction
between wheeze and atopy; 3) the independent effects of

predominant symptom, atopic status, diagnosis status, and
BHR status (all measured at the time the children were
selected in 1987); and 4) the effect of combinations of
these factors.

Regression coefficients were anti-logged and can be
interpreted as ratios of geometric means which are pre-
sented with 95% confidence intervals (CI). Proportions
were compared using the Chi-squared statistic (without
continuity correction).

Results

Subject characteristics

Of the 183 children who completed the 1987±1988 stu-
dy, 75 elected not to participate in the current study. The
most common reason for nonparticipation was the more
invasive nature of nasal aspirates and blood tests in the
current study. The distributions by age, sex, predominant
symptom, atopic status, asthma diagnosis and BHR did not
differ significantly between participants and non-partici-
pants (table 1: a further three children who commenced
but did not complete the 1987±1988 study [4, 9] are in-
cluded among the nonparticipants).

At the start of the present study, the mean age of the
children in the cohort was 9.6 yrs. (range 8.7±10.7 yrs) and
58 (54%) of the children were male. A breakdown of the
cohort by asthma-related categories is given in table 2. The
108 participants were still distributed fairly equally am-
ong each of the four subgroups within which they had
been randomly selected in 1987 by CLOUGH et al. [4, 9].
Fifty-two (48%) children had been initially selected for
reporting wheeze, and 42 (39%) in total had a previous
diagnosis of asthma.

The likelihood of having an existing diagnosis of asthma
was greater in children initially selected for wheeze rather
than cough (58 versus 21%, x1

2 = 14.92, p<0.001) and in
atopic rather than nonatopic children (53 versus 26%, x1

2 =
7.73, p=0.005). It was especially high among atopic chil-
dren selected for wheeze compared to nonatopic children
selected for cough (76 versus 11%). Similarly BHR was
more common among children with wheeze than among
those with cough (58 versus 23%, x1

2 = 13.38, p<0.001),
among those atopic than among those nonatopic (47 versus
34%, x1

2 = 1.92, p=0.166), and particularly among those
selected for wheeze and atopy than among those selected
for cough and no atopy (72 versus 22%).

Fifty-three (49%) children had at least one identifiable
episode where wheeze was reported during the follow up
period of the present study, including 37 of the 52 initially
selected for wheeze (71%), and 16 of the 56 initially
selected for cough without wheeze (29%).

Computer-defined episodes of lower respiratory problems

Computer analysis identified a large number of epi-
sodes. For the 108 children, the median (range) of each
LRT episode summary measure was 3.7 (0±25) for the
annual episode rate, 3 (1±11) for mean episode severity
and 6 days (3±27 days) for mean episode duration. For
PEF episodes, the median (range) was 4.2 (0.9±8.4) for the
annual episode rate, 55 L.min-1 (12±176 L.min-1) for mean
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Fig. 1. ± Hypothetical examples of a) a lower respiratory tract (LRT)
symptom episode and b) a peak expiratory flow (PEF) episode, in-
dicating the parameters defined in the Materials and methods section.
r, * : the minimum set of data points required to meet the definition of
an episode (in relation to the child's median symptom score or PEF
(ÐÐ) and the 10th percentile PEF (- - - -) for the year. The duration of a
symptom episode was defined as the number of days the score was
above the median value, while the severity was defined as the peak
symptom score during the episode. The duration of a PEF episode was
defined as the number of days from the day PEF was below the 10th
percentile to the day it was below the median, while the severity was
defined as the greatest deviation from the median during the episode. h
and s represent any other points occurring in an episode in addition to
defined points.
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episode severity (fall in PEF), and 16 days (3±84 days) for
mean episode duration. The longer duration of PEF epi-
sodes may reflect the way PEF episodes were defined [8]
or lagging of lung function resolution behind symptom
resolution. There were no sex differences in any of these
categories.

Effect of wheeze versus cough alone

As the original selection of children with wheeze and
cough was stratified by atopic status, comparisons between
wheeze and cough were adjusted for atopic status. After
adjustment, children selected for wheeze had increased
chronic respiratory morbidity compared to those with
cough alone (table 3). The wheeze group had significantly
greater percentage of symptomatic days (adjusted ratio of
geometric mean (GM) 1.51) and coefficient of variation
of PEF (adjusted ratio of GM 1.27). Wheeze had a lesser
effect on acute episode rate and severity: the LRT episode
severity was significantly increased in children with
wheeze compared to cough (adjusted ratio of GM 1.23)
and the LRT episode rate showed a moderate but non-
significant increase. These differences were very similar
to those in unadjusted comparisons between the wheeze
group and the cough only group.

Interaction between wheeze and atopy

Figure 2 shows median episode rates and severity, per
cent of days with LRT symptoms and PEF coefficient of
variation, in the four groups defined by combination of

the predominant symptom and atopic status. Tests for an
interaction between symptom and atopic status (to test
whether the effect of the symptom was different among
children with atopy than those nonatopic children) were
not significant for any outcome variable, but this may
have been affected by study power. Compared to the other
three groups, the children selected for both wheeze and
atopy had significantly higher values for the following
(ratio of GM; 95% CI): annual LRT episode rate (1.59;
1.15±2.19), mean PEF episode severity (1.27; 1.00±1.62),
percentage of days with LRT symptoms (2.04; 1.30±
3.22) and coefficient of variation of PEF (1.28; 1.01±
1.63).

Effect of pre-existing diagnosis

A pre-existing primary practitioner diagnosis of asthma
was highly predictive of respiratory morbidity. Compared
to undiagnosed children, children with a diagnosis had
considerably increased rate of LRT episodes (ratio of GM;
95% CI) (1.89; 1.46±2.44), mean severity of LRT episodes
(1.33; 1.10±1.60), mean severity of PEF episodes (1.29;
1.05±1.59), percentage of symptomatic days (2.50; 1.73±
3.61) and coefficient of variation of PEF (1.50; 1.23±1.82).
The PEF episode rate was not significantly increased in
children with a diagnosis compared to those without (1.13;
0.93±1.38). All of these associations were stronger than for
the combination of wheeze and atopy.

Independent effects of classification variables

The strong predictive effects of diagnosis might only
reflect the high proportion of wheeze, atopy and BHR in
the diagnosed group, factors that are more commonly used
to measure asthma prevalence. As a result the predictive
effects of a diagnosis with adjustment for all of these
factors was assessed. Table 4 presents the adjusted effects
of each classification factor (present versus not present)
on each outcome variable. After adjustment for other
factors, the effects of wheeze and atopy were greatly
attenuated and neither factor remained independently as-
sociated with acute or chronic outcome measures. Adjust-
ment for other factors only slightly attenuated the effect of
a diagnosis on all outcome variables: diagnosed asthma
remained independently associated with the LRT episode
rate and severity, the percentage of symptomatic days,
and the peak flow variability. HR caused a marked in-
crease in peak flow variability which was independent of
other factors, and also tended to increase the LRT episode

Table 2. ± Breakdown of the study cohort by four asthma-
related categories

Wheeze Cough

BHR No
BHR

Block
total#

BHR No
BHR

Block
total#

Atopy 25 28
Diagnosis 16 3 4 5
No diagnosis 2 4 3 16

No atopy 26 27
Diagnosis 8 3 1 2
No diagnosis 4 11 5 19

Missing atopy data
No diagnosis 1 1

Forty-eight children were originally recruited from each of the
four blocks defined by symptom and atopic status. #: the number
of children in these blocks in the current study. Equal re-
presentation in the present study would imply 27 children in
each block. BHR: bronchial hyperresponsiveness.

Table 1. ± Comparison of participants and nonparticipants in the 1989±1990 study

Characteristic Total 1987 study
(n=186)

Current participants
(n=108)

Nonparticipants
(n=78)

95% CI on differences+

Age yrs* 9.59�0.58 9.56�0.57 9.64�0.59 -0.09±0.25
(8.68±10.66) (8.71±10.66) (8.68±10.63)

Male % 57.0 53.7 61.5 -6.5±22.2
Wheeze % 50.0 48.2 52.6 -10.1±19.0
Atopic % 50.5 50 51.3 -13.3±15.9
Asthma diagnosis % 41.4 38.9 44.9 -8.4±20.4
BHR % 41.4 39.8 43.6 -10.6±18.1

*: Age on 3 April 1989, data presented as meanplusmn;SD (range); +: current participants versus nonparticipants. CI: confidence
interval; BHR: bronchial hyperresponsiveness.
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rate and PEF episode severity, although these effects were
not significant.

Two further binary variables, the combination of both
wheeze and atopy (compared to either or neither) and the
combination of both wheeze and BHR, were examined as
predictors of the outcome variables. Both variables have
been used in various asthma surveys as surrogates of
important clinical asthma. Each variable was included in
turn as independent variables alongside a diagnosis of
asthma in regression models (table 5).

In the first set of regressions, including "wheeze +
atopy" and diagnosis, an asthma diagnosis remained a
strong independent predictor of LRT episode rate and
severity, percentage of symptomatic days and PEF var-
iability, and again had a smaller nonsignificant effect on
PEF episode severity. Adjusted ratios of geometric means
were similar to the previous analysis (table 4). "Wheeze +
atopy" had a weaker effect than asthma diagnosis on all
outcomes and was not independently predictive of any
outcome.

In the second set of regressions, including "wheeze +
BHR" and diagnosis, an asthma diagnosis had the stronger
significant effect on LRT episode rate and severity, and
percentage of symptomatic days. Both factors indepen-
dently predicted increased peak flow variability, although
"wheeze + BHR" had the greater effect.

Discussion

Summary of findings, and strengths of the study

The children in this study represent a dedicated sub-
sample of children who reported either wheeze or recurrent
cough in a parent-completed questionnaire as part of a
population-based survey of asthma. This study has also
been able to describe the respiratory morbidity of these
children in terms of objectively defined respiratory symp-
tom and peak flow criteria over 13 months, using each
child's median symptom or PEF level over the whole study
period as their own internal control. The children were
highly trained and supervized in these recordings both in
this study and in a previous 1 yr study they had just com-
pleted.

As a group these children clearly have frequent episodes
of cough, wheeze and breathlessness (median 3.7 epi-

sodes.yr-1) associated with significant airflow obstruction,
as measured by deteriorations in peak flow (median 4.2
episodes.yr-1, median fall 55 L.min-1) which were usually
prolonged (median duration 16 days). Surprisingly, the
frequency and severity of acute symptom or peak flow
episodes in 1989 were not strongly related to the presence
of reported wheeze or atopy in 1987, although the com-
bination of wheeze and atopy was associated with more
frequent acute and chronic lower respiratory symptoms. A
pre-existing primary practitioner diagnosis of asthma was,
however, both in single and multiple regressions the
strongest predictive factor associated with more frequent
and more severe lower respiratory episodes, a greater
proportion of days symptomatic and a greater overall peak
flow variability.

Assumptions and limitations of the study

The results of this study apply to children who report
wheeze and cough; therefore, subgroup comparisons sho-
uld not be extrapolated to children who report no
symptoms. This particular study involved a high degree
of commitment and use of procedures involving some
discomfort, which decreased participation rates, although
the cohort retained the character of the initial sample. It
was not practicable to study asymptomatic children in this
way.

The "episodes" in this study were identified by computer
analysis of the peak flow and symptom charts: this detected
many more episodes than were reported by parents.
Severity of a symptom episode has been assessed (as many
acute asthma scoring systems do) by summing semi-
quantitative scores for individual symptoms. In addition,
self-recorded PEF has been used as a measure of lung
function. Peak flow recordings have many pitfalls in
childhood, and falls may sometimes reflect lack of effort
due to noncompliance, general malaise or interruption by
coughing. This particular group of children was highly
trained for 12 months prior to this study, and their re-
cordings and technique during exacerbations were fre-
quently checked. Nonetheless, these assumptions should
be taken into account when interpreting data regarding
episodes so defined. Eighteen children were taking pro-
phylactic inhaled medication, and three were taking oral
theophylline. Neither this treatment nor rescue medication

Table 3. ± Regression models with adjustment for wheeze and atopy. Analysis of log transformed data

Independent variables

Wheeze effect Atopy effect

Dependent variable Adjusted ratio of means
(95% CI)

p-value Adjusted ratio of means
(95% CI)

p-value

Annual rates
LRT episodes 1.28 (0.97±1.69) 0.079 1.26 (0.96±1.67) 0.095
PEF episodes 1.02 (0.84±1.24) 0.861 1.05 (0.87±1.29) 0.567

Mean severity
LRT episodes 1.23 (1.02±1.49) 0.031 1.13 (0.93±1.36) 0.215
PEF episodes 1.15 (0.93±1.41) 0.193 1.01 (0.82±1.25) 0.898

Chronicity
Days symptomatic % 1.51 (1.02±2.23) 0.039 1.42 (0.96±2.10) 0.077
PEF coefficient of variation % 1.27 (1.04±1.56) 0.022 0.96 (0.78±1.17) 0.669

All values are ratios of geometric means (95% confidence intervals (CI)), adjusted using both wheeze and atopy in the model. LRT:
lower respiratory tract; PEF: peak expiratory flow.
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were under control during the study, and the effect of this
on episode severity or duration could not be assessed.

Relationship of wheeze versus cough to later respiratory
morbidity

In other studies (see below), wheeze and atopy have
been found to be important predictors of respiratory mor-
bidity, particularly "chronic" morbidity rather than mor-
bidity from acute episodes. CLOUGH et al. [4], in the initial
study of the current cohort, showed that atopy was
associated with lower forced expiratory volume in one
second (FEV1), greater peak flow variability and greater
"chronicity" of lower respiratory symptoms, defined as
the number of symptomatic days as a percentage of the
total number of days studied. In that study, the children
initially selected for wheeze also had lower FEV1 and
greater peak flow variability but had greater "severity"

rather than "chronicity" of lower respiratory symptoms
after controlling for atopy, ("severity" in this case being
defined as the mean lower respiratory symptom score on
symptomatic days over the whole year). However, in
another study by CLOUGH et al. [12], neither atopy nor
wheeze were associated with greater frequency or dura-
tion of acute episodes of decreased peak flow, although
wheeze was associated with more severe peak flow drops.
These results are consistent with the present study in the
same children 1 yr later, except that an increased peak
flow severity in children with wheeze was not found.

WRIGHT et al. [13] reported that among Tucson children,
those who reported both wheeze and recurrent cough at
the age of 6 yrs had more respiratory illnesses than those
with either symptom alone, who in turn had more ill-
nesses than those with neither wheeze nor cough. KELLY et
al. [14] used parental questionnaires to examine morbi-
dity and personal or environmental factors in Liverpool
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Fig. 2. ± Annual rate and severity of lower respiratory tract (LRT) (a and c, respectively) and peak expiratory flow (PEF) episodes (b and d,
respectively), symptom chronicity (e) and PEF variability (f) showing the interaction between wheeze, or cough without wheeze, and atopic status (r :
atopic; h : nonatopic). None of the interactions were significant.
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children. Compared to children with cough alone, they
found a much greater frequency of school absenteeism
(>6 days.yr-1) and hospital admission in the children with
a combination of cough, wheeze and breathlessness. The
authors are not aware of any other studies comparing
children in these categories using prospective daily longi-
tudinal data in the way that Clough [4, 9, 12] and the
present study have done.

Explanations of the weak discrimination between wheeze
and cough

There are a number of possible explanations for the lack
of a strong predictive effect of wheeze on later acute
morbidity in this study. Firstly, it is likely that effects which
were present were attenuated by low study power and by
the use of a cough group rather than an asymptomatic
group for comparison. Secondly, the observed changes in
children's symptom patterns over the time period between
selection and this study may have weakened the differ-
ences (30% of those with wheeze at first seemed to stop
wheezing, whereas 30% of those with cough and no
wheeze later reported wheeze). Thirdly, chronic symptoms
and peak flow variability may be more distinctive features
of children with asthma than acute exacerbations.

Each of the above explanations may have some validity,
but collectively they do not satisfactorily explain the fact
that a pre-existing diagnosis of asthma, subject to the same

potential weakening factors, retained a very strong pred-
ictive effect for LRT episodes, chronic LRT symptoms and
PEF variability after 2 yrs.

If the lack of important discrimination afforded by
wheeze versus cough in this study is real, does this mean
that cough is as good as wheeze at identifying children
with respiratory episodes resembling asthma? Or does it
mean that questionnaire-elicited wheeze on its own is little
better than cough at identifying such children? The latter
interpretation is most consistent with the fact that a pre-
existing asthma diagnosis did have a strong predictive
effect in this group of children. In other words, there was a
more symptomatic subgroup and it was much more clearly
identified by an asthma diagnosis than by the reporting of
wheeze in the original questionnaire. Therefore, as POWELL

and PRIMHAK [15] have previously argued, it may be in-
appropriate for questionnaire surveys of asthma to use
"current wheeze", without further elaboration, as a surro-
gate of important asthma. The situation is somewhat
different in clinical practice, where the presence of res-
piratory symptoms is elicited by interview in the context
of a full history and examination.

Controversy about the existence of "cough-variant asth-
ma"

Cough was described as a presenting feature of asthma
in the 1970s [16±18] and this became widely accepted

Table 4. ± Multiple regression models of episode rates, episode severity and chronicity (n=106)

Independent variables

Dependent variable Wheeze versus cough Atopy versus
no atopy

Diagnosed asthma versus
no diagnosis

BHR versus no BHR

Annual rates
LRT episodes 0.98 (0.74±1.31) 1.07 (0.81±1.40) 1.71 (1.24±2.35) 1.20 (0.89±1.63)
PEF episodes 0.95 (0.76±1.19) 1.02 (0.83±1.26) 1.08 (0.85±1.38) 1.11 (0.88±1.41)

Mean severity
LRT episodes 1.13 (0.91±1.39) 1.06 (0.87±1.29) 1.25 (1.00±1.56) 1.02 (0.82±1.28)
PEF episodes 1.00 (0.80±1.26) 0.94 (0.76±1.16) 1.21 (0.94±1.56) 1.19 (0.93±1.51)

Chronicity
Days symptomatic % 1.10 (0.73±1.66) 1.13 (0.77±1.66) 2.30 (1.46±3.64) 1.02 (0.66±1.58)
PEF coefficient of variation % 1.01 (0.82±1.24) 0.85 (0.70±1.03) 1.30 (1.17±1.81) 1.46 (1.17±1.81)

All values are ratios of geometric means (95% confidence intervals (CI)), adjusted using all four independent variables in the model.
BHR: bronchial hyperresponsiveness; LRT: lower respiratory tract; PEF: peak expiratory flow.

Table 5. ± Multiple regression models adjusting for a diagnosis of asthma together with the interaction term "wheeze +
atopy" (model A) and the interaction term "wheeze + bronchial hyperresponsiveness (BHR)" (model B)

Independent variables

Model A Model B

Wheeze + atopy Asthma diagnosis Wheeze + BHR Asthma diagnosis

Ratio of GM
(95% CI)

p-value Ratio of GM
(95% CI)

p-value Ratio of GM
(95% CI)

p-value Ratio of GM
(95% CI)

p-value

LRT episode rate 1.21 (0.87±1.69) 0.246 1.75 (1.32±2.33) <0.001 1.36 (0.98±1.88) 0.062 1.63 (1.21±2.19) 0.002
LRT episode severity 1.02 (0.80±1.29) 0.902 1.32 (1.07±1.63) 0.009 1.08 (0.86±1.38) 0.501 1.27 (1.02±1.59) 0.030
% of days symptomatic 1.40 (0.88±2.23) 0.157 2.21 (1.47±3.32) <0.001 1.35 (0.85±2.15) 0.208 2.17 (1.41±3.33) 0.001
PEF episode rate 0.95 (0.73±1.50) 0.671 1.15 (0.92±1.43) 0.222 1.03 (0.80±1.33) 0.809 1.11 (0.88±1.41) 0.362
PEF episode severity 1.15 (0.89±1.50) 0.285 1.23 (0.98±1.55) 0.074 1.22 (0.94±1.58) 0.133 1.18 (0.93±1.49) 0.174
PEF coefficient of

variation % 1.07 (0.84±1.38) 0.570 1.45 (1.16±1.80) 0.001 1.45 (1.14±1.85) 0.003 1.25 (1.00±1.56) 0.047

Data are presented as adjusted ratios of geometric means (GM) (95% confidence interval (CI)). Diagnosis n=42; wheeze + atopy n=25
(overlap with diagnosis n=19); wheeze + BHR n=30 (overlap with diagnosis n=24). LRT: lower respiratory tract.
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after 1981 [19±21]. These studies may have led to a much
more liberal application of the label of asthma to children
with cough in the current era of asthma awareness [22].
Some studies have found, as this study did, that some
children (although only a minority) presenting with
chronic cough subsequently have wheezing [16, 20, 21,
23, 24]. POWELL and PRIMHAK [15] reported a ques-
tionnaire study of 8±9-yr-old children in 1991 and 1993±
1994. Of those reporting nocturnal cough in 1991, only a
minority (20.1%) reported wheeze in the later ques-
tionnaire but this minority had considerable morbidity. In
another study [25], 25% of 6-yr-old children with chronic
cough developed wheeze 2 yrs later. This study was
unable to study asymptomatic control subjects in a similar
follow-up fashion to the study subjects, but WRIGHT et al.
[13], using repeated cross-sectional measures, found that
wheeze was reported at the age of 11 yrs in 39.8% of
those with only wheeze at 6 yrs, 27.3% in those with only
recurrent cough and 13.6% in those with neither symp-
tom. The new incidence of diagnosed asthma in 6±11-yr-
old children followed a similar gradient with lower rates.

Recently there has been concern about overdiagnosis of
asthma based on chronic cough alone whereas other com-
mon causes such as post-viral cough, pertussis and habit or
psychogenic cough have been overlooked [26, 27], a
concern that was in fact expressed in several of the
original papers about cough described above. The authors
of the present study fully agree with this concern, and this
study in no way contradicts it. However, this study and
the studies cited above support the contention that there
are a small number of children who report only recurrent
cough in a questionnaire and who go on to develop
wheeze and significant morbidity from acute respiratory
episodes, most likely asthma. In these children it is pos-
sible that recurrent nocturnal coughing was a prodromal
feature of asthma. Alternatively, in some children, cough-
ing might be totally unrelated to the later onset of asthma.
A third possibility is that some children who report only
cough also wheeze but do not recognize or report it. In
some of the current children with cough, the pattern of
acute respiratory problems was very similar to patterns
observed in children reporting wheeze. Figure 3 shows
examples of recordings over the 13 months of a child with
initial wheeze and a child with initial cough (with no
recent wheeze episode reported), demonstrating similar
episodes of symptoms and peak flow drops, consistent
with episodic airway obstruction.

Pre-existing diagnosis of asthma as a predictor of res-
piratory morbidity

The finding that diagnosed children had more frequent
and severe respiratory symptoms than children without a
diagnosis is not unexpected, and these characteristics may
have been important factors in leading to a diagnosis. What
was surprising was the strength and robustness of the
effect.

The comparisons show that a doctor's diagnosis of
asthma, by whatever means, is picking out something ab-
out these symptomatic children that is independent of
wheeze, atopy or BHR. As a result, it is able to predict
ongoing acute and chronic respiratory symptoms better
than any or all of these factors. In other words, as BURR

[28] has previously stated, whereas a general practi-

tioner's diagnosis of asthma may have variable or low
sensitivity for detecting asthma in the community, it is
nonetheless a powerful marker of clinically important
asthma. This is most likely because diagnosis takes more
account of the clinical context than do survey questions or
isolated test results, and because it also involves an
intuitive component which is hard to measure or analyse.

There has been a reluctance to use asthma diagnosis as an
index or qualifier of asthma prevalence in surveys because
of the underdiagnosis substantiated some years ago in the
UK and elsewhere [3, 29] and the likelihood of regional
variation in diagnostic habit. These difficulties cannot be
commented on, as only symptomatic children and these in
only one region of the UK were studied. However, these
results suggest that perhaps asthma diagnosis should be
considered and examined again as a marker of important
asthma with which to compare populations of similar
background, and make up, and with a similar medical
system, for instance different populations within the UK.
It should be remembered that in the present study,
diagnosis was ascertained by a search of primary care
records and not from the survey questionnaire. Whether
questionnaire-reported asthma diagnosis is as powerful a
discriminator needs further examination.
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Fig. 3. ± Peak flow and symptom score records for: a) a child with
initial wheeze and b) a child with initial cough and no wheeze episodes
during this study (April 1989±April 1990). Arrows indicate when a
report was made and viral samples taken, with letters in boxes indicating
viruses identified (PF: parainfluenza; RV: rhinovirus; FA: influenza A;
Ð = no pathogen identified). Computer-defined episodes and their
duration are shown as hollow bars above the recordings. LRT: lower
respiratory tract; PEF: peak expiratory flow.
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Conclusions

This study raises questions about the validity of using
questionnaire-reported wheeze, without further qualifica-
tion, as a marker of clinically important asthma in surveys.
Assuming that only symptomatic children should be
included in prevalence data, it may be more appropriate to
enquire both for wheeze and for recurrent cough, and then
use another reliable marker to select those with clinically
important asthma from both these groups. This study
suggests that, in this context, a doctor's diagnosis of asthma
is a better marker of ongoing respiratory illness than
survey-reported wheeze, atopy or bronchial hyperrespon-
siveness. Further study and consideration of its usefulness
and reliability as a qualifier of reported symptoms in
asthma surveys is warranted.
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