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ABSTRACT:  This study determined the proportions of children ≤5 yrs of age with
reported wheeze who were undergoing medical follow-up, receiving anti-asthma
medication, or admitted to hospital;  and investigated factors important in deter-
mining which children would receive these treatments.  The symptomatic children
represented a wheeze prevalence of 16% of the study sample of 1,422 children.

The cumulative incidence of treatment and hospitalization and point prevalence
of current medical follow-up were determined using a parent-answered postal ques-
tionnaire study of a population-based random sample of 222 children.  Odds ratios
(OR) were calculated for wheeze severity, environmental, social, familial and demo-
graphic factors found to affect the likelihood of these treatment end-points.

Among 222 children with wheeze, 99 (35%) were under current medical review,
165 (75%) had received medication, and 48 (22%) reported being hospitalized.
Current follow-up was more likely in girls (OR 2.22; 95% confidence interval  (95%
CI) 1.12–4.38), with more than three attacks of wheeze in the last year (OR 17.44;
95% CI 5.22–58.3), or with a household pet (cat or dog) where inhalants were wheeze
precipitants (OR 13.65;  95% CI 3.16–58.94).  Treatment became more likely in
older children (OR 3.91;  95% CI 1.10–12.71), with inhalants as wheeze precipi-
tants (OR 4.66;  95% CI 1.08–20.14) or with a household pet (OR 2.28;  95% CI
1.04–5.03).  Hospitalization was less likely with frequent wheeze (OR 0.30;  95%
CI 0.12–0.77), but more likely if shortness of breath occurred with wheeze.  

Medical follow-up and treatment are related to wheeze severity and exposure to
inhaled precipitants, whereas hospital admission occurred in children with attacks
causing shortness of breath, and with decreasing frequency of attacks per year.
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Depts of *Child Health and **Community
Medicine, University of Leicester, Leicester,
UK.

Correspondence:  D.K. Luyt
P.O. Box 17023
Hillbrow 2038
South Africa

Keywords:  Child
hospital admission
treatment
wheeze

Received: January 27 1995
Accepted after revision June 25 1995

In a population-based epidemiological study of 1,650
children aged ≤5 yrs we have previously reported the
prevalence of wheeze and recurrent cough [1], and the
severity characteristics of wheeze, including its relation-
ship with doctor diagnosed asthma [2].  Other studies
have emphasized the increasing prevalence of childhood
wheeze and asthma [3, 4],  the underdiagnosis and under-
treatment of children with asthma [5–8], and the strik-
ing increase in hospital admission rates for preschool
children during recent years [9–11].  The explanation for
the increased hospital admission rates observed remains
controversial, and it has been suggested that an increase
in the severity of wheezing illnesses may be in part
responsible [9, 10].  Our respiratory questionnaire inclu-
ded questions relating to wheeze severity factors as well
as the management and hospital admissions for preschool
children with wheezing illness.  In addition, we collect-
ed information relating to a range of demographic,
environmental and familial factors.  In the present study,
we have investigated how these factors (including mea-
sures of wheeze severity) influence the probabilities of
ongoing medical review, receipt of medication (ever),

and hospital admission for children with these illnesses.
We also wanted to see if these factors would act simi-
larly in influencing each of the three outcomes.

Methods

The children investigated were the 1,422 (86%) respon-
dents from a cohort of 1,650 preschool children aged ≤5
yrs, who were identified in a respiratory questionnaire
study conducted during 1990 in Leicestershire, UK.  The
sample and its ascertainment have been described pre-
viously [1].  Parents of 222 children who reported at
least one episode of wheeze were asked additional ques-
tions about management based upon those in the pro-
posed standardized questionnaire of the American Thoracic
Society [12], and other previously validated question-
naires [13, 14].  In order to investigate the health-care
received by this group, three principal binary outcome
measures were considered.
1) On-going medical review. Children whose parents
answered yes to the question: "Does your child attend a
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clinic or see a doctor for wheezing (or asthma)?" were
considered as receiving on-going medical review.
2) The receipt of asthma medication. Children whose
parents answered yes to the question:  "Has your child
ever taken any medicine for wheezing (or asthma)?" were
considered to have received asthma medication.
3) Hospital admissions. Children whose parents answered
yes to the question:  "Has your child ever been admit-
ted to hospital with wheezing (or asthma)?" were viewed
as having a history of asthma-related hospitalization.

The repeatability of these three questions has previ-
ously been demonstrated to be acceptable with Cohen's
Kappa (percentage agreement) values of 0.65 (96%), 0.74
(93%) and 0.85 (99%), respectively. These were esti-
mated from a random sample of 100 repeated question-
naire administrations 6 months after the initial survey
[1].

As previously described [1, 2] the questionnaire in-
vestigated measures of wheeze severity, demographic
details, the indoor environment, and factors suggestive
of a family history of atopy.  The (explanatory) factors
investigated as being potentially associated with the prin-
cipal outcome measures are shown in table 1.

Statistical analysis

Bivariate relationships between categorical variables
were described using contingency tables. Odds ratios
(OR) and 95% confidence intervals (95% CI) were cal-
culated using the method described by CLAYTON and HILLS

[15].  Formal tests of statistical significance were based
upon the Chi-squared test for homogeneity (without con-
tinuity correction) or, where stated, the Chi-squared test

for linear trend [16] and were carried out in Statistical
Analysis System (SAS) [17].

Because the various explanatory factors were likely to
be correlated with one another, unconditional logistic
regression modelling was used to investigate the multi-
variate relationship between these factors and each of the
binary response (outcome) variables.  Modelling was
performed using GLIM 3.77 [18].   In each case, model
construction was based upon the systematic addition of
covariates to an initially null model.  Formal tests of the
significance of the improvement of fit following the
addition of the regression terms relating to specific vari-
ables were based upon the likelihood ratio test [19].
Before drawing definitive conclusions, all models were
subjected to standard model-checking procedures, includ-
ing tests for nonlinearity and interaction, the analysis of
Pearson residuals and the investigation of leverage [9].

The principal analysis included the age of the child at
the completion of the questionnaire as a five level cate-
gorical variable (taking the values 1 (age <1 year); 2 (1
yr ≤ age < 2 yrs); ...; 5 (age ≥4 yrs).  Further models
were constructed using precise decimal age and age2,
but the principal inferences arising from these secondary
models were qualitatively so similar to those from the
original analysis that only the latter are presented.  In
order to simplify comparisons between the three outcome
measures with the previous results we have reported for
doctor-diagnosed asthma [2], "number of attacks during
the last year" was used as a marker of wheeze frequen-
cy rather than "total number of (subsequent) attacks."  In
any case, the two measures were very strongly related
to one another and inclusion of total number of attacks
in the final models did not qualitatively affect the main
conclusions.

The study was approved by the Leicestershire Health
Authority's committee on the Ethics of Clinical Re-
search Investigation.

Results

Of the 1,422 preschool children, 125 (9%) wheezed
and had been diagnosed by a doctor as having asthma,
97 (7%) wheezed but had no diagnosis of asthma and
31 (2%) had a diagnosis of asthma with cough as the
sole symptom.  Thus, 222 (16%) of the study popula-
tion wheezed and 156 (11%) had a formal diagnosis of
asthma. The analysis is based upon the 222 children
with reported wheeze.  Of these children, just over one
third (77 out of 221 = 35%, one missing observation)
were under current medical review at the time of the
study, three quarters (165 out of 220 = 75%, two miss-
ing observations) gave a history of ever having taken
asthma medication, and just over one fifth (48 out of 221
= 22%, one missing observation) reported being hospi-
talized for asthma or wheezing.

Bivariate relationships between the three outcome
measures and the explanatory variables shown in table
1 were computed.  Ongoing medical review was more
likely in girls (p=0.006).  Medical review was also
positively related to increasing number of wheezing
episodes (total number of attacks and number of attacks

Table 1.  –  Variables investigated in a bivariate and mul-
tivariate analysis

Variable

Gender
Age group 
Total number of subsequent attacks of wheeze
Number of attacks of wheeze in the last year
Length of time since last wheezing attack
Average duration of wheeze attacks
Shortness of breath during wheeze attacks
Nocturnal worsening of wheeze
Seasonal variation of wheeze
Recurrent coughing without a cold
Coughing with a cold
Colds as a precipitant of wheeze
Any precipitants of wheeze other than colds
Wheeze precipitated by exercise
Wheeze precipitated by ingestants
Wheeze precipitated by inhalants (animal hair, dust or grass

pollen)
Urban/rural domicile
Socioeconomic status
Parental smoking (paternal, maternal and maternal during 

pregnancy)
Personal history of eczema
Family history of atopy (including asthma)
Presence of damp or mould at home
Child's bedroom window open at night



in the past year) (p<0.001 in both cases), and decreas-
ing time since last attack (p<0.001), was increased with
shortness of breath during attacks (p<0.001), was posi-
tively associated with cough without a cold (p=0.004),
the presence of a cat or dog at home (p=0.023) and
wheeze precipitated by inhalants (p<0.001), but not to
the remaining variables.  The findings for children who
had ever received medication for wheeze or asthma were
largely comparable, with significant relationships for
increasing age (p=0.029), increasing number of wheez-
ing attacks (total number and number in last year (p<0.001
and p=0.003, respectively), shortness of breath with attacks
(p<0.001), with cough without a cold (p=0.023), when
wheeze was precipitated by inhalants (p<0.001), and with

cat or dog ownership (p=0.002).  Significant relationships
for the number of children admitted to hospital were
found only with length of time since the last attack
(p=0.003), and with shortness of breath during attacks
(p<0.001).

Table 2 shows the bivariate relationships between the
three outcome measures.  It is clear from this table that
there are strong associations between the perceived need
for on-going medical review and a history of having ever
received medication for asthma.  The bivariate relation-
ship between these two measures and hospitalization for
wheeze or asthma were all considerably weaker.

Table 3 gives the results of the unconditional logistic
regression analysis using current medical review as the
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Table 2.  –  Bivariate associations between the three principal outcome measures

History of treatment Under current medical review
for wheeze/asthma                      No Yes

No 95% (52 of 55) 5% (3 of 55)
Yes 56% (92 of 165) 44% (73 of 165)

OR = 13.75 (95% CI 5.15–36.75)
χ2l = 27.466;  p<0.001
2 missing observations

Ever hospitalized for                                                Under current medical review
wheeze/asthma No Yes

No 68% (118 of 173) 32% (55 of 173)
Yes 54% (26 of 48) 46% (22 of 48)

OR = 1.81 (95% CI 0.94–3.47)
χ2l = 3.263;  p=0.071
1 missing observation

Ever hospitalized for History of treatment for wheeze/asthma
wheeze/asthma No Yes

No 27% (47 of 172) 73% (125 of 172)
Yes 17% (8 of 48) 83% (40 of 48)

OR = 1.88 (95% CI 0.82–4.31)
χ2l = 2.274;  p=0.132
2 missing observations

OR: odds ratio; 95% CI: 95% confidence interval; χ2l:  Chi-squared test for linear trend.

Table 3.  –  Unconditional logistic regression analysis of current medical review

Parameter Coefficient* OR
(95% CI)

Intercept -2.946 (0.6046) -
Sex

Male - 1.00
Female 0.7959 (0.3481) 2.22 (1.12–4.38)

Number of attacks in the last year
None - 1.00
1–2 1.080 (0.6314) 2.94 (0.85–10.15)
3+ 2.859 (0.6157) 17.44 (5.22–58.30)

Cat or dog Animals, dust or
ownership grass as a

precipitant
No No - 1.00
No Yes -0.3872 (0.4179) 0.68 (0.30–1.54)
Yes No 0.4485 (0.4961) 1.57 (0.59–4.14)
Yes Yes 2.614 (0.7462) 13.65 (3.16–58.94)

*: values in parenthesis are SE.  OR: odds ratio; 95% CI: 95% confidence interval.
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binary response variable.  The important factors identi-
fied were gender, the number of attacks in the last year,
ownership of a cat or dog, and having inhalants (ani-
mals, dust or grass) as a wheeze precipitant.  Females
were more likely to be receiving on-going medical re-
view.  As the number of attacks in the last year increased,
so did the likelihood of being under current medical
review.  There was an important interaction between the
factors of pet ownership and inhalants as a wheeze pre-
cipitant.  This interaction indicated that pet ownership in
the absence of inhalants being precipitants of wheeze
does not increase the chance of being under current med-
ical review.  However, owning a pet when it has been
stated that such inhalants do precipitate wheeze is asso-
ciated with a high proportion receiving medical follow-
up.

Table 4 shows the results of the unconditional logis-
tic regression analysis for treatment of wheeze or asth-
ma.  The important factors were age, number of attacks
in the last year, cat or dog ownership, and inhalants as
a precipitant of wheeze.  Increasing age is associated
with an increased likelihood of being treated.  The num-
ber of attacks in the last year is positively associated
with the likelihood of receiving treatment.  Similar pos-
itive relationships are demonstrated for pet ownership
and the presence of inhalants as a wheeze precipitant.

Table 5 details the results of the unconditional log-
istic regression analysis for a history of hospitalization
for wheeze or asthma.  The important factors were short-
ness of breath during the last year and the number of
attacks during the last year.  Shortness of breath with
either some or every wheezing attack was associated with
an increased likelihood of being hospitalized.  Interestin-
gly, there was a strong negative relationship between the
number of attacks in the last year and the likelihood of
hospitalization, with an increase in the number of attacks
leading to a decrease in the likelihood of being hospi-
talized. We have previously described the main characteris-

tics of preschool children with doctor-diagnosed asthma
[2].  Table 6 details the bivariate relationships between
doctor diagnosed asthma and each of the three principal
outcome measures relating to follow-up, treatment and
hospitalization.  There are significant differences for each
outcome measure between those children with, and those
without, a formal diagnosis of asthma.  Those with a
diagnosis of asthma were more likely to be under cur-
rent medical review, to have ever received medication
and to have been hospitalized.

Discussion

These results present the opportunity to examine the
determinants of some important aspects of medical super-
vision of preschool children with wheeze.  These are cur-
rent medical review, receipt of medication (ever) and
admission to hospital.  These questions were included in
the survey because it was felt that it was important to
attempt to quantify this area of health-care in young chil-
dren, particularly as there have been no validated ques-
tionnaires on respiratory symptoms applicable in the

Table 4.  –  Unconditional logistic regression analysis of
treatment for wheeze or asthma

Parameter                Coefficient*                 OR
(95% CI)

Intercept -0.3471 (0.5678) -
Age

<1 year - 1.00
1–1.99 years -0.1891 (0.5660) 0.83 (0.27–2.51)
2–2.99 years 0.1109 (0.5755) 1.12 (0.36–3.45)
3–3.99 year 0.6593 (0.5947) 1.93 (0.60–6.20)
4+ yrs 1.364 (0.6014) 3.91 (1.20–12.17)

Number of attacks in the last year
None - 1.00
1–2 0.2714 (0.4304) 1.21 (0.56–3.05)
3+ 1.416 (0.5065) 4.12 (1.53–11.12)

Do animals, pets or grass make the child wheeze?
No - 1.00
Yes 1.539 (0.7469) 4.66 (1.08–20.14)

Does the family have a cat or a dog?
No - 1.00
Yes 0.8279 (0.4014) 2.28 (1.04–5.03)

*: values in parenthesis are SE.  OR: odds ratio; 95% CI: 95%
confidence interval.

Table 5.  –  Unconditional logistic regression analysis of
hospital admission for wheeze or asthma

Parameter              Coefficient*                OR
(95% CI)

Intercept -1.973 (0.5118) -
Number of attacks in the last year

None - 1.00
1–2 -1.073 (0.4972) 0.34 (0.13–0.91)
3+ -1.200 (0.4809) 0.30 (0.12–0.77)

Shortness of breath with attacks
Never - 1.00
Sometimes 1.42 (0.5560) 4.14 (1.39–12.3)
Always 2.887 (0.5852) 17.93 (5.70–56.49)

*: values in parenthesis are SE.  OR: odds ratio; 95% CI: 95%
confidence interval.

Table 6.  –  Bivariate associations between the three prin-
cipal outcome measures and doctor diagnosed asthma

Under medical     Ever treated for    Ever hospitalized
review              wheeze             for wheeze

%       n           %       n            %       n

Doctor diagnosed asthma
No  13  12 of 96 51 48 of 95 12 11 of 96
Yes 52 65 of 125 94 117 of 125 30 37 of 125

OR=7.583 OR=14.320 OR=3.249
(3.95–14.55) (7.00–29.29) (1.51–6.64)

χ2l=37.318, χ2l=53.411, χ2l=10.51,
p<0.001 p<0.001 p=0.001

1 missing 2 missing 1 missing
observation observations observation

Values in parenthesis are 95% CI.  OR: odds ratio;  95% CI:
95% confidence interval; χ2l: Chi-squared test for linear trend.



preschool age-group.  Quantification was felt to be par-
ticularly important given that the increased occurance of
hospitalization in this age group may be due to a possi-
ble increase in the severity of wheeze [9, 10].  Where
possible, questions were used which have been shown
to exhibit acceptable repeatability [13, 14, 20].  This
meant that the data accrued in response to the questions
concerning hospitalization and receipt of asthma med-
ication, were able to be interpreted with some confidence.  

The question concerning current medical follow-up had
not been used in other similar studies and so did not   ben-
efit the validation enjoyed by the other two questions.
This inevitably limits the interpretation of data concern-
ing current follow-up, and is also limited in scope be-
cause the precise nature of follow-up was not explicitly
defined.  However, the question was shown to have the
same high degree of repeatability seen with the other two
questions.  Furthermore, because of the 6 month lag
between the initial and repeatability survey, the answers
to this question were likely to concern current (ongoing)
medical follow-up.  

Some reservations must apply to the question on re-
ceipt of medication for wheeze or asthma, because of a
lack of detail as to which precise medication had been
prescribed.  Finally, as both the questions on receipt of
medication and hospitalization were retrospective in nat-
ure, some caution should be exercised in their interpre-
tation.  Despite these reservations, and given the high
repeatability of the questions used, the results obtained
are likely to provide important insights into which fac-
tors are important in influencing the management of
young children with wheeze, and furthermore how acute
hospitalization is influenced by these same factors.

There was a strong association between current medi-
cal review and a history of asthma medication.  However,
the association of both of these variables with hospitali-
zation was weak and did not reach formal statistical sig-
nificance.

It is of interest to note that in both bivariate and logis-
tic regression modelling the factors associated with the
outcomes of current medical follow-up and ever receiv-
ing treatment are broadly similar.  Furthermore, the two
regression models presented are themselves similar to
the previously reported model for doctor diagnosed asth-
ma [2], in that they indicate the importance of wheeze
frequency and precipitants of wheeze other than colds.
The number of attacks in the last year appeared to increase
the chance of both current medical follow-up and treat-
ment.  The finding that females are more likely to receive
current medical attention may indicate that although
wheeze is more common in males, those girls with this
symptom are more likely to be severely affected.  As
current medical follow-up is a measure of point preva-
lence, it is not surprising that age is not an important
determinant.  However, when considering ever being
treated for wheeze or asthma, the association of age is
positive, since it is formally a measure of cumulative
incidence.  

Precipitants of wheeze other than colds are important
in both regression models although they act in slightly
different ways.  For children in whom inhalants are not

a reported precipitant of wheeze, owning a cat or dog
did not increase the likelihood of being under current
medical review.  However, in those children for whom
inhalants are a precipitant, ownership of a cat or dog was
associated with an increased probability of current med-
ical review.  On the other hand, pet ownership appeared
to be associated with an increased probability of having
required treatment for wheeze or asthma, regardless of
whether inhalants were a precipitant or not.  The reason
for this is not clear and it may simply reflect inadequate
statistical power to resolve an interaction in the case of
the treatment outcome.  However, it may also indicate
that some parents are unaware that the family pet could
be a cause of wheeze in their child.  This reinforces the
need to take a detailed social and environmental history
when assessing children with wheeze.  Shortness of breath
with wheezing attacks does not appear to predict the
treatment or follow-up outcomes.  This is because infor-
mation on wheeze severity is adequately described by
the number of attacks in the last year.

The factors which are associated with hospital admis-
sion contrast sharply with those of medical follow-up
and treatment.  Shortness of breath during attacks of
wheeze greatly increase the likelihood of admission.  This
inference is logical as it is a descriptor of severity dur-
ing a wheezing attack (most other variables being either
markers of wheeze frequency or precipitants of wheeze).
Interestingly, the number of attacks in the last year was
negatively associated with the likelihood of hospitaliza-
tion, as a greater degree of wheeze frequency is asso-
ciated with a decreased likelihood of hospitalization.   One
interpretation of this is that there is a "training effect",
in that the parents of a child with frequent attacks are
more used to coping with acute wheeze in their child.
Thus, it is children who suffer infrequent attacks or have
attacks which render them short of breath who are at
greater risk of hospitalization.  Although most children
with wheeze or asthma are never likely to require hos-
pitalization, an attack leading to admission to hospital
could potentially come quite unexpectedly for almost any
child, regardless of their overall symptom profile and
perceived need for on-going review or treatment.  Fur-
thermore, although a significantly greater proportion of
wheezy children who had a formal asthma diagnosis
required hospitalisation, the absence of such a diagnosis
is no guarantee that a severe attack will not occur.  

Our data support this assertion;  despite the strong
associations between having a formal asthma diagnosis
and both current medical review and having ever re-
ceived medication for wheeze or asthma, the relation-
ship between asthma diagnosis and hospitalization was
less pronounced, although still statistically significant.
However alternative explanations exist.  It could be that
hospital admissions for wheeze or asthma in the young-
est age-groups, where wheezing and its various causes
are less well-defined, might have been subject to spuri-
ous reporting.  In order to investigate this possibility,
the analysis was repeated firstly excluding children aged
under 1 yr, and then children aged under 2 yrs.  In
neither instance were the principal results qualitatively
changed.  Our modelling could only be based upon those
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children who reported wheeze and, therefore, we can
make no inferences about the factors influencing the man-
agement of asthmatic children with cough as the sole
symptom.  In our population 31 out of 1,422 (2%) were
diagnosed asthmatic on the basis of cough alone.

If our interpretation of the data is correct, there are
considerable clinical and public health implications.  Given
the concern that hospital admissions for asthma have
increased [9–11], these results suggest that any inter-
vention to address this problem must be targeted at all
wheezy children and not just those who are most severe-
ly affected.  Thus, any strategies to improve the health
of childhood asthmatics must include all wheezy chil-
dren, not just those with frequent symptoms or a diag-
nosis of asthma.
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