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ABSTRACT: The present study investigated schools as an appropriate context for an intervention

designed to produce clinical and psychological benefits for children with asthma.

A total of 193 out of 219 (88.1%) children with asthma (aged 7–9 yrs) from 23 out of 24 (95.8%)

schools completed the study. Intervention schools received a staff asthma-training session,

advice on asthma policy, an emergency b2-agonist inhaler with spacer and whole-class asthma

workshops. Nonintervention schools received no asthma-related input.

Intervention children required less general practitioner-prescribed preventer medication

despite no differences in symptom control compared with the nonintervention asthmatic group.

Increased peer knowledge of asthma may have mediated improved active quality of life in the

intervention group, together with increased self-esteem in young females. Those females not

receiving the intervention, but identified as being asthmatic within the classroom, and thus

possibly stigmatised, reported decreased self-esteem. Lower self-esteem in young males was

associated with pet ownership. No change was found in staff knowledge, the establishment of

asthma policies or school absences which were low even before intervention.

In conclusion, a whole-school intervention can improve the health of children with asthma when

followed with support for all children but effects are likely to be modified by sex and the home

environment.
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E
pidemiological studies have indicated that
amongst children of school age ,20% has
a diagnosis of asthma [1]. This imposes

significant restrictions on physical activities and
can affect school attendance [2–4] and perform-
ance [5]. Night-time awakenings and poor dis-
ease control [6] result in reduced perceptions of
self-esteem and increased behaviour problems
[7–9]. Despite this, evidence suggests that teacher
knowledge and training in asthma management
is low, asthma records are incomplete, and effect-
ive child self-management of inhaler therapy is
unsatisfactory [3, 10–12].

A number of initiatives have been established to
overcome this problem [13–15]. Such interven-
tions can increase the knowledge of asthma in
teachers [3, 16, 17]. However, it has been more
difficult to demonstrate that they have a direct
impact on disease outcome measures. Program-
mes focusing on school-based treatment, asthma
management education and peer-led initiatives
have had some success [18–20], but limited
progress has been made in encouraging schools
to set up asthma policies [13, 15, 21].

Interventions in schools have focused on children
with asthma alone and the present authors are
not aware of any studies evaluating a whole-
school approach with monitoring of clinical and
psychological outcomes. However, it is clear that
factors outside the school environment may
compromise the efficacy of a school-based
approach. The hypothesis of the current authors,
on which the study was based, was that a whole-
school intervention would produce clinical and
psychological benefits for children with asthma,
but factors outside the school, such as home
environment, could compromise the impact of
the strategy.

METHODS
Participants
Recruitment of schools and participants in the
south of England is outlined in figure 1. There
were no differences in demographic character-
istics of school type, area, geographical location,
total school roll and percentage of children
receiving free school meals between those schools
who agreed to participate (25 out of 33) and those
who refused (eight out of 33).
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The parental International Study of Asthma and Allergies in
Childhood asthma questionnaire [22] was issued via schools to
parents of all the children (aged 7–9 yrs) in Years 3 and 4. On
the basis of information relating to a current diagnosis of
asthma, the use of asthma medication and symptoms of
wheeze over a previous 12-month period, 361 children and
their parents in 24 schools were invited to participate in the
study; of these, 219 agreed. Pairs of schools were matched on
demographic characteristics and randomly assigned in pairs to
the nonintervention (NI) group (12 schools; 113 pupils with
asthma: 66 male, 47 female) and the intervention (IV) group (12
schools; 106 pupils with asthma: 56 male, 50 female).

Intervention
Table 1 provides an outline of the nurse-led intervention
consisting of a staff training session (duration ,45 min) and
asthma workshop for pupils (duration 45 min). A model
asthma policy relating to the care and management of asthma
was offered to schools based on examples used in previous
studies [17], and the National Asthma Campaign information

pack for schools [23], as well as further support and advice
when writing their own policies.

The class teacher was present at the nurse-led pupil work-
shops. In IV schools these workshops focused on asthma as a
cause of cough and wheeze, a description of the respiratory
system consistent with the Science National Curriculum for
pupils aged 7–9 yrs, and what it feels like to have asthma and
how to help a friend who is coughing and finding it difficult to
breathe. The latter involved a role play with a school nurse as
the teacher, where the importance of taking the teacher to a
coughing child, rather than the child to the teacher, was
emphasised. Pupils with asthma were invited to participate as
experts if they wished, but were not compelled to do so.
Children in NI schools took part in a workshop about the
respiratory system and how the body defends itself against
infection, also consistent with the National Curriculum. No
mention was made of asthma during this NI workshop.

Outcome measures
Outcome measures are shown in table 1. The primary aim of
the present study was to reduce school absences. Prior to the
staff training session and the pupil workshop, staff knowledge
of asthma was measured using a questionnaire [24] that was
hand delivered to and collected from schools after completion,
and pupil knowledge was measured using a Draw and Write
technique [25]. Asthma symptom occurrence was recorded [22]
and prescribed medication use was assessed using British
Thoracic Society treatment step guidelines [26]. Quality of life
(QoL) [27] and self-esteem [28, 29] measures were collected from
the children with asthma and from a volunteer sample of school
peers in Years 3 and 4. All measures were collected prior to the
intervention and in the post-intervention period 1 yr later.

Home and school environment
Environmental factors with a possible confounding effect on
outcomes (table 1) were recorded at baseline only.

Social deprivation indicators [30] were recorded at baseline, as
well as the presence of pets at home (dogs, cats, other furry
animals, birds, etc). Exposure to environmental tobacco smoke
was also measured. A cotinine/creatinine ratio was assessed
by cotinine assay of children’s urine samples, collected
according to the manufacturer’s instructions [31] and analysed
at Southampton General Hospital, Southampton, UK. Results
were expressed as ng of cotinine per mg of creatinine and a
standard cut-off point of .30 ng?mg-1 of creatinine used to
compare cotinine/creatinine levels with parental reports of
smoking [32]. Baseline measures of urinary eosinophil protein
X were also derived from urine samples using a specific
competitive radioimmunoassay in order to provide a more
objective marker of allergic inflammatory activity [33], with
results expressed as micrograms of urinary eosinophil protein
X per mmol of creatinine. House dust mite exposure in the
school environment was recorded using house dust mite
samples collected over an area of 1 m2 in Year 3 and Year 4
classrooms using various sampling locations [34] so that levels
associated with a risk of sensitisation could be assessed [35].

Statistical analysis
The power of the current study was based on previous reports
of time lost from school in wheezing children [36]. Allowing
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FIGURE 1. Enlistment of participants and schools. ISAAC: International Study

of Asthma and Allergies in Childhood; #: Inclusion criteria: only primary/junior

schools with school roll of o200 children; ": one school withdrew after ISAAC

completion because of a failed Office for Standards in Education inspection.
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for clustering (intracluster correlation50.05), a sample size of
,100 pupils (10 pupils per school) in both the IV and NI
groups was adequate to provide an 80% power to detect an
effect size of 0.5 (a difference of 5 days) in school absence over
the previous school year. Chi-squared, McNemar and
Marginal Homogeneity tests were used to examine distribution
and changes in responses. Spearman’s rho was used to
measure correlation and Cohen’s kappa to measure agreement.
Multivariate ANOVA was used to detect differences between
groups in changes in scores (self-esteem, QoL).

RESULTS

Participants and schools
A total of 23 out of 24 (95.8%) schools completed the study
(fig. 1). One school withdrew as the result of a change in head
teacher. In total, 20 children moved out of the area and a
further six children were withdrawn from the study because
they or their school withdrew. A total of 193 out of 219 (88.1%)
children with asthma completed the study.

Table 2 shows the distribution of variables measured at
baseline due to their possible confounding effect. No sig-
nificant differences were found in the distribution of these
variables over both the IV and NI groups. Moderate agreement
was found between parental reports of smoking at home and
cotinine/creatinine ratio levels (kappa50.38; p,0.0005).
School environments were found to be relatively house dust

mite allergen free with only four schools (two NI, two IV)
having a Dermatophagoides pteronyssinus antigen 1 level
.2 mg?g-1, the level associated with a risk of sensitisation, but
well below 10 mg?g-1, at which there is a risk of acute reactions
in a sensitised individual [35].

Effect of the intervention
No differences were found between NI and IV groups in
outcome measures prior to the intervention.

Asthma policies and procedures
One in three schools had written policies at the start of the
study (NI5three policies; IV5five policies). At the end of the
study, six schools in the IV group had written policies and one
had ‘‘written guidelines’’. Three of the five IV schools,
originally with policies, had amended or updated their
policies.

Staff knowledge of asthma
Questionnaires relating to asthma knowledge were distributed
to staff (teachers, lunch-time supervisors, caretakers and
secretaries) in schools. While 481 members of staff completed
a questionnaire pre-intervention, only 149 (31%) of these staff
members completed post-intervention questionnaires. This
prevented any meaningful analysis of the data. Non-
completion was attributed to pressure of work or transfer of
staff between schools. At both pre- and post-intervention, there

TABLE 1 School-based intervention, outcome measures and possible confounding factors

Intervention One staff training session on asthma delivered by school nurse to head teacher, teachers and other staff, including practical

demonstrations as well as information on the care and management of asthma, triggers of asthma and inhaler use

Written and telephone support for asthma policy development based on model policy [23] and recommendations [17]

Distribution to schools of metered-dose b2-agonist inhalers and valved spacers for use in emergencies

A 45-min interactive class workshop on asthma delivered by school nurse to all Year 3 and 4 pupils in intervention schools

Class workshop delivered by a school nurse on respiratory system for all Year 3 and 4 pupils in nonintervention schools

Outcome measures# School absences (primary outcome measure)

Establishment of asthma policies and procedures

Staff knowledge of asthma [24]

Pupil knowledge of asthma in Year 3 and 4 children [25]

Prescribed medication using BTS treatment steps [26]

BTS 1: occasional use of relief bronchodilators

BTS 2: regular inhaled anti-inflammatory agents, i.e. up to 800 mg beclamethasone daily or up to 400 mg fluticasone daily

BTS 3: high-dose inhaled steroids plus long-acting inhaled b2-agonist bronchodilator

BTS 4: high-dose inhaled steroids and regular bronchodilators plus a sequential therapeutic trial of listed agents

BTS 5: addition of regular steroid tablets

Asthma symptom reporting [22]

Quality of life (QoL) [27]

Physical activities (active QoL), leisure activities (passive QoL), emotions related to having asthma (distress), frequency of

physical symptoms (severity)

Perceived self-competence and self-esteem [28, 29]

Scholastic ability, social acceptance, athletic competence, appearance, behaviour, global self-worth

Possible confounding factors" Employment

Social deprivation indicators [30]

Pets at home

Exposure to environmental tobacco smoke [31, 32]

Allergic inflammatory activity [33]

House dust mite allergen assessment in Year 3 and 4 classrooms [34, 35]

BTS: British Thoracic Society; #: Collected pre- and post-intervention; ": measured at baseline only.
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appeared to be a lack of consistency within schools in answers
to questions about record keeping, the location of asthma
medication and the use of asthma inhalers in the playground
or gymnasium. Open and closed questions also appeared to
elicit differing responses. At baseline, 88% of staff agreed that
cough can be a symptom of asthma and that exercise can
trigger an asthma attack. However, only 16.8% included
exercise in response to open-ended questions about asthma
triggers. Similarly, only 17.7% of staff included colds and flu as
a trigger. In response to closed questions, the majority of staff
correctly identified the differences between reliever and
preventer medications, with 81.4% (94% post-intervention)
agreeing that relievers should be taken as required, and 75.8%
(95.5% post-intervention) agreed preventers should be taken
every day. Baseline data showed that 48% of all teachers were
not concerned about having children with asthma in their
class, but 40% reported not being confident about dealing with
an asthma attack. This did not change significantly in IV
schools after the intervention.

Pupil knowledge of asthma
All children in Years 3 and 4 (n52,023) were asked to provide
written responses and illustrations for three asthma-related
scenarios printed on a worksheet. These scenarios, the criteria
denoting an ‘‘appropriate’’ response and the proportion of
appropriate responses are presented in table 3. No difference
was found between the NI and IV groups of Year 3 and 4
children in the proportion of appropriate responses reported at
baseline. Significant differences in the distribution of responses
were found in the post-intervention period arising from
increases in the proportion of appropriate responses over all
scenarios (p,0.0005) for the IV group who had received the
45 min asthma workshop 1 yr earlier.

Changes in school attendance
Absence data were available for 186 out of 193 (96.4%) study
children with asthma. A low level of recorded absence over the
previous school year was found at baseline (mean 7.0 days, SD

7.4, range 0–42.5). A total of 124 out of 186 children had
reported absences of f1 week. A similarly low absence level
was found at post-intervention for all children (mean 6.8 days,
SD 6.1, range 0–34.5). Recorded absences of .7 days duration in
the school year at post-intervention were related to social
deprivation measures, but only for males (r50.44; p50.009).
After adjusting for social deprivation, no effect of the
intervention was found. Absences were considerably lower
than the present authors had anticipated in relation to the
power calculations on which the recruitment numbers were
based.

Medication levels
General practitioner-prescribed medication levels (n5176
children) recorded for a 6-month period prior to the interven-
tion (no medication: 47.2%; British Thoracic Society (BTS) step
1: 9.1%; BTS step 2: 38.6%; BTS step 3: 5.1%) decreased in the
post-intervention period (p50.05). However, when IV and NI
children were classified into three groups (no medication, BTS
step 1 and oBTS step 2), the positive change in treatment level
was significant (p50.01) for the IV group but not for the NI
group (p50.83) with 23.5% (NI519.8%) on no or milder
medication and 10.6% (NI518.7%) receiving a higher level of
medication. Most improvement was from oBTS step 2 to
taking no medication (IV 35.7 versus 25.7% NI) while,
compared with the IV group, twice as many children in the
NI group increased medication to oBTS step 2 (IV 11.6 versus
21.4% NI).

Asthma symptom reporting
The prevalence of wheeze ‘‘in the last 12 months’’ was
recorded at the start of the study and for a 12-month period
after the intervention. The 12-month period prior to the study
reported prevalence of wheeze (n5165 children) as slightly
higher for NI (90.6%) compared with IV children (78.8%), with
the difference approaching significance (Chi-squared 3.6;
p50.06). Over the study period, there was a significant
resolution of symptoms for all children (Chi-squared 21.8;
p,0.0005), but no effect of the intervention was found. The
post-intervention wheeze measure was highly significantly
associated with medication use in the same period (Chi-
squared 19.1; p,0.0005) and this was so for a range of wheeze-
related symptoms.

TABLE 2 Characteristics of sample

Nonintervention

group

Intervention

group

Subjects n 100 93

Sex# males 55.0 51.6

Employment"

Mother only 10.0 8.6

Father only 24.0 21.5

Both parents 56.0 61.3

Unemployed 9.0 7.5

Missing data 1.0 1.1

Social deprivation index"

.0 score (higher deprivation level) 25.0 15.1

Smoking at home"

Mother only 12.0 9.7

Father only 9.0 7.5

Both parents 9.0 4.3

Missing data 1.1

Passive exposure to environmental

tobacco smoke#

Cotinine/creatinine ratio

,30 ng?mg-1 54.0 53.8

.30 ng?mg-1 31.0 37.6

Missing data 15.0 8.6

Reported pets"

Dog+ 11.0 17.2

Cat+ 24.0 22.6

Dog and cat+ 12.0 5.4

Other furry pet(s)/bird(s) 15.0 21.5

Missing data 2.0 1.1

Urinary eosinophil protein X#

,100 mg?mmol-1 38.0 36.6

100–200 mg?mmol-1 36.0 41.9

.200 mg?mmol-1 11.0 12.9

Missing data 15.0 8.6

Data are presented as %, unless otherwise stated. #: Children; ": households;
+: ¡other furry pets, bird, etc.
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Quality of life
Those with asthma reported similar levels of active and passive
QoL to nonasthmatic children (n5609) in the same year groups.

Controlling for social deprivation, which was significantly
related to physical activity in males (r5 -0.41; p,0.0005), it was
found that active QoL in males was negatively correlated with
asthma severity (r5 -0.41; p,0.0005) but in females was
related to passive QoL (r50.42; p,0.0005). Unexpectedly,
however, expressed emotional distress related to having
asthma was significantly related to lower urinary eosinophil
protein X levels in females (r5 -0.46; p,0.0005). Controlling
for these factors, a significant intervention effect was found for
QoL (F[1,141]55.00; p,0.05) related to physical activity. In the IV
group, 42.9% of children showed a clinically relevant improve-
ment (an increase of o2 points) in active QoL, while this figure
was only 27.1% for the NI group (Chi-squared 8.1; p50.02).

No significant differences were found for the peer group in
active and passive QoL reports at pre- and post-intervention.

Self-esteem
No differences in self-esteem scores were found between those
with asthma and a sample of their school peers (n5601).
However, sex differences in self-esteem scores reported in the
literature were also found in the present study. Females
perceived themselves as more well behaved than males
(p,0.0005), and males more athletically competent than
females (p,0.0005). Since relationships between domains in
children of school age can also vary by sex and across time [34,
35], self-esteem scores were examined separately for males and
females.

Figure 2 shows that females in the NI group reported falls in
self-esteem over all domains while females in the IV group
reported increased perceived self-competence and self-esteem.
This effect on self-esteem was significant (Pillai’s F[6,80]52.75,
p,0.05) with differences reaching significance particularly for
the social (p50.01), athletic (p,0.05) and behaviour subscales
(p50.001). No such differences were found for the peer group
of females in the same schools and, compared with this peer

TABLE 3 Baseline and follow-up Draw and Write responses for all children in nonintervention (NI) and intervention (IV) schools

Baseline Follow-up

NI IV Chi-squared p-value NI IV Chi-squared p-value

Scenario 1

Invitation 1: Chris has woken in the night coughing

and is finding it difficult to breathe. What can

Chris’s Mum or Dad do to help?

11.6 13.9 2.39 NS 15.6 22.1 14.42 0.0005

Appropriate answer: includes mention of asthma

medication

Invitation 2: What can Chris do to help him/herself? 7.7 6.6 0.75 NS 7.8 10.9 5.9 0.02

Appropriate answer: includes mention of an inhaler

and/or call someone

Scenario 2

Invitation 1: Chris is in the school playground,

running and playing on a cold day. He is

coughing and finding it difficult to breathe. What

can Chris’ friends do to help?

54.2 51.3 1.77 NS 59 64.4 6.4 0.01

Appropriate answer: get or tell a teacher and/or get

an inhaler

Invitation 2: What can Chris do to help him/herself? 5.1 4.7 0.10 NS 7.6 11.6 9.53 0.002

Appropriate answer: includes mention of an inhaler

and/or get an adult

Scenario 3

Invitation 1: Chris is in the classroom and is

coughing and finding it difficult to breathe. What

does Chris say to the teacher?

31.1 33.9 1.71 NS 34.2 41.1 10.78 0.001

Appropriate answer: includes clear description of

symptoms and/or mention of an inhaler and/or

asthma

Invitation 2: What does the teacher say to Chris? 5.4 5.8 0.06 NS 7.0 12.7 19.19 0.0005

Appropriate answer: includes mention of an inhaler

and/or asthma

Invitation 3: What is the matter with Chris? 39.1 43.9 4.57 0.03 59.8 69.8 23.0 0.0005

Appropriate answer: includes mention of asthma

Data are presented as % with appropriate answer.
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group, the improvement in self-esteem for the IV group was
significant (F[6,177]52.56; p50.02) over a number of domains.
Similarly, no differences in self-esteem were found for the peer
group in NI schools, and compared to this group, the fall in
self-esteem for the NI group was significant (F[6,172]52.57;
p50.02) over a number of domains. The intervention effect on
self-esteem levels, therefore, appeared to be brought about by
changes in self-esteem levels for both NI and IV groups of
females with asthma.

No similar positive effect of the intervention on self-esteem
was found for males with asthma in IV schools (fig. 3) and,
similarly, no effect on the peer group of boys. However, pet
ownership played a significant role for boys with asthma in
changes over the study period. Irrespective of IV or NI group

membership, boys with pets (n562) reported decreased self-
esteem (Pillai’s: F[6,90]53.23, p5,0.005) over a number of
domains (Social p50.002), Athletic p50.003, Appearance
p50.003, Global Self-worth p50.009) compared with those
without pets (fig. 4). In this group of boys with pets (dog and/
or cat n527 households; dog and/or cat with other furry
animal(s) and/or bird(s) n517; other furry animal(s) only
n513; bird(s) only n53; missing reports n52), baseline urinary
eosinophil protein X levels were positively correlated with
parental reports of the impact of wheeze on the child and the
child’s activities for a 12-month period prior to the urinary
measure being recorded (r50.51, p,0.0005) and over a similar
period post-intervention, commencing 1 yr later (r50.37,
p50.008). The home environment, therefore, may have moder-
ated the effect of the intervention. Low numbers precluded the
investigation of exposure to environmental tobacco smoke.

DISCUSSION
The current study has shown that the school is an appropriate
setting in which asthma management can be improved.
Unique to this study is that the intervention included a
curriculum-based workshop for all pupils in addition to staff
training. The greatest impact was apparently on the peers of
asthmatic children. This in turn was associated with significant
benefits in terms of the outcome measures for the children with
asthma. Not only did this result in improved self-esteem and a
clinically relevant improvement in QoL related to physical
activity, similar to that found in a previous study [20], but also
to a reduced requirement for regular anti-asthma therapy with
no resulting deterioration in asthma control. This was signifi-
cantly different from the NI schools where the asthmatic children
did not have the same changes in self-esteem and QoL and
continued to require the same amount of prescribed medication.

There were some confounding effects, partly in relation to the
sex of the asthmatic child, and also home environment.
Reduced self-esteem was found for a group of males with
pets for whom urinary eosinophil protein X levels, reflecting
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allergic inflammatory activity, were significantly related to
parental reports of the impact of wheeze on their child and
interference in their activities over a fairly long period of time.
Low subject numbers prevented investigation of the effect of
exposure to environmental tobacco smoke. A recent school-
based intervention, focusing on asthma treatment, proved
effective only for those children who were not exposed to
smoke at home [18].

The second extremely important outcome from the present
study was that for females in the NI schools whose asthma was
identified as a consequence of the research study, there was a
decrease in self-esteem. This better identification of children
with asthma occurred because all children with asthma in both
IV and NI groups completed a daily well-being diary in school
over an 18-week period prior to and following the intervention.
This diary was retained in school. Diary scores were highly
correlated with self-esteem and QoL measures and, therefore,
were not included in the analyses. The fall in self-esteem for
females in the NI group may well have been as a consequence
of stigmatising these females with asthma who were then not
supported by any appropriate intervention. This is a very
powerful message in relation to future intervention initiatives
and to the keeping of asthma registers in school. This should
only be considered if the children identified are then
appropriately supported with a whole school-based interven-
tion programme.

There is a tendency for investigations of the management of a
chronic condition to focus on single interventions. This is the
only way it can be established whether components of an
intervention package have an evidence base for continued use.
However, in reality, interventions are multifactorial. They
include a combination of education, social support, environ-
mental manipulation and medication. The present study has
shown that while focusing on the school can be worthwhile
this does not account for other factors, such as sex and home
environments, which will to a certain extent compromise a
favourable outcome. The current study did not attempt to
optimise the medications but merely to monitor their use as
prescribed in primary care during the period before and after
the school-based intervention. All the asthmatic children
whether they were in the IV or NI schools had some degree
of improvement over the year of observation in reported
symptoms of wheeze. This is not unexpected in view of the
well-known tendency for some degree of improvement during
later childhood. No added effect of the intervention on
reported symptoms of wheeze was found. However, over
and above this, the asthmatic children in the IV schools, while
sustaining the same degree of control of their asthma, required
less prescribed asthma medication than those in the NI schools.
Furthermore, this was associated with improvements in other
outcome measures. Therefore, the present authors are very
confident that the intervention was efficacious and will be a
very worthwhile adjunct to conventional medical approaches.
However, it was disappointing that there was only a marginal
effect on the asthma policy development and practices in the
schools and the authors were unable to solicit sufficient
information from the teachers on which to make any
judgements as to whether the staff training component of the
intervention had any impact. There was a highly significant
effect on the asthmatic children’s peers, which the current

authors suspect was the major factor leading to the improve-
ment in self-esteem in the asthmatic children.

Ostensibly, it is disappointing that the present author’s original
primary end-point of attempting to reduce absences was not
achieved. A number of controlled intervention studies have
now failed to find a significant intervention effect on absences
in children of this age [16, 20], with a further study finding a
reduction in both intervention and control groups [19]. This
measure may now not be a good marker of asthma morbidity
and may be more related to socioeconomic factors. In addition,
the schoolchildren with asthma in the present study had
relatively mild disease and their school absence record was
generally very low and, thus, there was little room for
improvement.
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