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Abstract
Objective—The Pediatric Asthma Diary
was developed and validated to assess eY-
cacy of interventions in children with
asthma.
Design, patients, and setting—Diary vali-
dation was performed in a three week,
prospective study of 106 children aged
6–14 years with asthma. Children were
classified at baseline as either stable
(requiring no additional asthma treat-
ment) or new onset/worse (requiring ei-
ther addition of or increase in anti-
inflammatory treatment).
Results—A daytime symptom scale and
“day without asthma” were defined from
diary questions. Both measures demon-
strated significant validity and respon-
siveness to anti-inflammatory treatment.
The stable group experienced a higher
percentage of days without asthma during
week 1 compared with the new onset/worse
group (39.6% v 11.6%, respectively). The
new onset/worse patients experienced sig-
nificant improvement in days without
asthma (24.5%) compared with stable
patients (6.4%).
Conclusions—The Pediatric Asthma
Diary daytime symptom scale and day
without asthma are acceptable measures
for use in asthma intervention studies of
children aged 6–14 years.
(Arch Dis Child 1999;80:414–420)
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As an end point in clinical trials, pulmonary
function tests provide an objective assessment
of airway obstruction, but do not assess how
the patient with asthma feels. Asthma related
outcome measures that query patient percep-
tions are recognised as important tools to help
provide a more complete assessment of the
eVectiveness of asthma treatment in clinical
trials in adults and children.1

Selection of asthma related outcome meas-
ures should be based on information that dem-
onstrates acceptable measurement characteris-
tics of the measure; the instrument should be
reliable and valid. For interventional studies,
outcome measures also need to provide a valid
measure of change—that is, the outcome
measure should be responsive to clinically
important changes in health status.1–4 The
literature provides a number of asthma related
outcome measures for children with asthma, or
their parents, that are partially or wholly

validated with respect to these criteria. These
measures include assessment of such outcomes
as asthma specific quality of life, asthma self
eYcacy, asthma self management, and asthma
symptom questionnaires.5–11 Some of these
questionnaires were developed and validated to
be used as surveys, rather than as measures of
change in asthma as a result of treatment,10–12

and therefore may be inappropriate for use in
clinical trials.

We attempted to find a validated asthma
symptom daily diary scale to use as an outcome
measure of asthma treatment in a clinical trial
of 6 to 14 year olds. We were interested in
obtaining the child’s perspective on their
asthma symptoms and how their symptoms
limited them, rather than a parental report of
the child’s symptoms (proxy measure). A
literature search and information acquired
through the Freedom of Information Act13

revealed that no fully validated daily diary scale
to assess change in asthma symptoms and
symptom eVects in children and adolescents
was available.1 13–17 Therefore, in our study we
aimed to develop and validate an asthma
symptom diary scale completed by children
and adolescents aged 6–14 years (with parental
assistance) for use in paediatric clinical trials of
asthma treatment.

Methods
DEVELOPMENT OF A PAEDIATRIC ASTHMA

SYMPTOM DIARY SCALE

Questions for a paediatric asthma symptom
diary were developed from a previously vali-
dated adult symptom diary scale,18 unvalidated
paediatric diaries in the literature,14–17 and the
childhood asthma management programme
diary card.13 Interviews with children were used
to construct appropriate wording for children.
The diary record included a daytime symptom
scale consisting of three questions and a
question regarding awakening with asthma
(Appendix). In addition, the diary included
questions on school loss, and the need for
urgent medical care (urgent physician or emer-
gency department visits or hospitalisations), or
the need for oral corticosteroids. “As needed”
puVs of â agonist inhaler and peak expiratory
flow (PEF) were recorded twice daily on the
diary card. The diary record was pilot tested,
revised, and re-pilot tested in four separate and
sequential groups of children with asthma aged
6–14 years and their parents/guardians. Each
group contained six to 10 children and their
parents/guardians. The pilot test examined the
clarity of the diary format, understanding of the
questions, and response options, and ability to
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complete the diary.19 20 The diary questions
were pilot tested in paper and pen format and in
an electronic entry format.

VALIDATION STUDY DESIGN

A study was designed to examine the measure-
ment characteristics of the newly developed
and pilot tested Pediatric Asthma Diary
(Copyright 1995 Merck & Co Inc) scale. The
validation study was a three week, single
period, open, prospective study of 6–14 year
old children and adolescents with mild to
moderate asthma. Approximately 100 children
and adolescents with asthma were to be
recruited for the study at eight clinical sites,
with approximately equal numbers of patients
in two age categories (6–8 year olds and 9–14
year olds). A baseline visit (visit 1) determined
the eligibility of the children and adolescents.
Children and adolescents who had a history of
asthma in the past were eligible if they had
typical symptoms of asthma—including but
not limited to cough, wheezing, and shortness
of breath—and documented evidence in the
last six months of one or more of the following
within the preceding year: an abnormal forced
expiratory volume in one second (FEV1;
< 90% of predicted); reversibility of airway
obstruction within 30 minutes following the
administration of â agonist (> 15% increase in
FEV1); positive exercise challenge test (decline
in FEV1 > 10%); abnormal methacholine or
histamine challenge test (provocative concen-
tration causing a 20% fall in FEV1 (PC20FEV1)
< 90% predicted). Those children and adoles-
cents who had new onset of asthma symptoms
were eligible if they had typical symptoms of
asthma as described above and an abnormal
FEV1 < 90% of that predicted at visit 1.

Within each age category, two separate
groups of children were to be enrolled: (1) a
group of children judged by the investigator to
have stable asthma at baseline (stable group);
and (2) a group of children judged by the inves-
tigator to have either new onset of asthma or
worsening asthma at baseline (new onset/worse
group). Children in the stable group received
no change in their current anti-inflammatory
asthma treatment during the study, whereas
children in the new onset/worse group required
either initiation of anti-inflammatory treatment
or an increase in their present anti-
inflammatory treatment at baseline, which was
maintained for the study duration. Both groups
continued to use their usual â agonist metered
dose inhaler on an “as needed” basis.

Follow up visits occurred weekly for three
weeks after entry (visits 2, 3, and 4). Spiro-
metry measurements were obtained in the
clinic at baseline (visit 1), after one week of
treatment (visit 2), and at the end of the three
week study (visit 4). Parents were asked to
withhold use of â agonist inhalers for at least
four hours before the clinic visits. A validated
asthma specific paediatric quality of life
questionnaire consisting of 23 items in three
domains (symptoms, activity limitation, and
emotional function) was completed in the
clinic by the 9–14 year old children and

adolescents at baseline and at the end of the
three week study.5

The diary questions were administered on a
hand held, electronic diary record. Back up
paper diary records were available in case of an
electronic diary failure. The daytime asthma
diary was completed each evening before bed
by the children aged 9–14 years, with the
supervision of their parent/guardian. For the
6–8 year olds, the parents read the questions
and responses on the diary verbatim at bedtime
to their child and then entered the child’s
answer. The daytime diary record consisted of
a series of questions inquiring about asthma
symptoms; loss of time from school as a result
of asthma; need for an unscheduled visit to an
emergency department or physician, hospitali-
sation, or oral prednisone as a result of asthma;
number of puVs of â agonist inhaler used since
waking up; the best of three PEF measure-
ments before going to sleep and whether or not
the PEF was performed within four hours of
the last â agonist inhaler use.

The night-time asthma symptom diary
record was completed each morning on waking
up for the day. The night-time record asked
about awakenings with asthma symptoms,
number of puVs of â agonist inhaler used since
going to sleep, and the best of three PEF meas-
urements on awakening in the morning.
Parents were asked to withhold â agonist
inhaler for at least four hours before measuring
PEF. As with the daytime diary questions, chil-
dren 9–14 years of age recorded their responses
on the night-time diary with the supervision of
their parents/guardians, and the parents of
children 6–8 years of age read the questions
and responses to their child and recorded the
child’s answer.

DIARY SCALES SCORING AND ANALYTICAL

METHODS

The daytime asthma symptom scale consisted
of three questions scored on a 6 point scale
from 0 (symptoms none of the time, no bother
and eVect on daily activities at any time) to 5
(symptoms all of the time, greatest bother pos-
sible and eVect on activities all of the time).
The nocturnal diary included a single question
scored on a 4 point scale from 0 (no
awakenings) to 3 (awake all night).

The daytime asthma symptom questions and
the awakening question were examined for
test/retest reliability, discriminant validity, lon-
gitudinal construct validity, and responsive-
ness. Test/retest reliability was assessed with
the intraclass correlation coeYcients (ICC)
using data for all 106 patients from study week
2 (visit 3) and study week 3 (visit 4) diary data.
This period was hypothesised to be a period of
time when the patients’ asthma would be
stable.21 An ICC of 0.75 and above is
considered acceptable in a research
instrument.22

Longitudinal construct validity was evalu-
ated with Spearman’s correlation coeYcients
to determine the relation between changes in
the diary questions and other clinical asthma
measures (FEV1, PEF, and puVs of â agonist
used). Changes in the diary scale questions
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were also related to changes in the three
domains of a previously validated asthma
specific paediatric quality of life questionnaire
to determine how the diary questions relate to
this asthma outcome measure. The three
daytime symptom questions were evaluated for
internal consistency with Cronbach’s alpha.
Internal consistency estimates the extent to
which each item of a questionnaire is measur-
ing the same construct.23 Good internal
consistency is defined as an alpha coeYcient
> 0.70 and < 0.95.24

Week 1 average scores were used to assess
the ability of the diary questions to discrimi-
nate between patients in the stable group and
those in the new onset/worse group (discrimi-
nant validity). Because the data were not
normally distributed, we applied non-
parametric statistics methodology, and com-
pared the week 1 scores for the two asthma
groups with Wilcoxon’s rank sum test.25

We used changes in the average asthma diary
scores from week 1 to week 3 to evaluate the
ability of the diary questions to assess changes
in the patients’ asthma over the course of our
study. Again, because the data were not
normally distributed, we used Wilcoxon signed
rank test to evaluate the within group change
scores for each outcome variable and Wilcoxon
rank sum test to compare responses across
asthma groups.25

In addition to the daytime and night-time
diary questions a composite summary variable
was created to determine a child’s percentage
of days without asthma. A day without asthma
was defined as a day that met all of the follow-
ing criteria: no â agonist use (either daytime or
night-time), no daytime asthma symptoms
(symptom score, 0), no night-time awakenings,
no unscheduled visits to a physician or an
emergency department or admission to a
hospital for asthma, and no oral steroid use.

Each child’s percentage of days without asthma
was calculated for each week in the study. The
percentage of days without asthma was com-
pared between the stable and new onset/worse
groups for week 1 (discriminant validity), and
the change from week 1 to week 3 in the aver-
age days without asthma each week was
compared between groups (responsiveness of
the days without asthma measure to change in
asthma treatment).

The number of school days missed and the
number of asthma attacks are reported to
describe diVerences between the study children
with stable asthma and new onset/worse
asthma. The number of children who missed
one or more school days and the total number
of days missed divided by the total number of
school days are reported by study week and for
the total study period. Asthma attacks were
defined in the diary record as a visit to a doctor,
emergency department, or hospital for asthma
(other than a scheduled visit to a doctor), or
treatment with oral steroids during the previ-
ous 24 hours. Response options were “yes” = 1
or “no” = 0. The number of children who had
one or more attack days, and the total number
of attack days divided by the total number of
study days are reported by study week and for
the total study period. The stable and new
onset/worse asthma populations were com-
pared at week 1 with respect to the diVerence in
the proportion of children who missed one or
more school days (that is, the diVerence
between two binomial proportions), and with
respect to the proportion of children who had
at least one attack day.

Results
One hundred and six patients, aged 6–14 years,
were enrolled across the eight clinical sites.
Fifty three children were classified into the
stable asthma group (requiring no change in
asthma treatment) and 53 children into the
new onset or worsening asthma group (requir-
ing either initiation or increase in anti-
inflammatory asthma treatment). Table 1 pro-
vides demographic data, visit 1 per cent
predicted FEV1, week 1 diary data for PEF, and
puVs of â agonist inhaler used for children in
the stable asthma group and new onset/worse
asthma group. As planned, the number of chil-
dren in each age category was comparable (54
(51%) of the children were 6–8 years of age and
52 (49%) were 9–14 years of age).

The baseline data show that the stable and
new onset/worse groups were similar in mean
age, sex, and race. As expected, the mean per
cent predicted FEV1 at visit 1 was less
(p < 0.053) and the use of â agonist during the
day (daytime â agonist use) for week 1 was sig-
nificantly greater (p < 0.0001) for the new
onset/worse patients than for the stable pa-
tients. Also as expected, morning and evening
PEF measures were lower, but the diVerences
were marginal, and the use of overnight â ago-
nist inhalers was slightly greater in the new
onset/worse group.

Excellent internal consistency of the three
asthma symptom daytime questions was
demonstrated by a Cronbach’s alpha of 0.94,

Table 1 Baseline characteristics for patients by baseline asthma status

Stable (n = 53) New onset/worse (n = 53) Total (n = 106)

Age (years)
Mean (SD) 9.2 (2.3) 9.4 (2.4) 9.3 (2.4)
Range 6 to 14 6 to 14 6 to 14

Sex (%)
Female 18 (34) 16 (30) 34 (32)
Male 25 (66) 37 (70) 62 (68)

Race (%)
White 49(92) 49 (92) 98 (92)
Other (black, Asian, etc) 4 (8) 4 (8) 4 (8)

Visit 1
% Predicted FEV1

Mean (SD) 83.7 (10.9) 77.8 (18.9)* 80.7 (15.7)
Range 63–131 27–117 27–131

Visit 2
% Predicted FEV1

Mean (SD) 82.5 (12.6) 84.9 (18.2) 83.7 (15.6)
Range 39–103 45–125 39–125

Week 1
Daytime daily â agonist (puVs/day)
Mean (SD) 1.2 (1.7) 3.1 (2.3)† 2.2 (2.2)
Range 0.0 to 7.7 0.0 to 8.4 0.0–8.4

Overnight â agonist (puVs/night)
Mean (SD) 0.3 (0.6) 0.5 (0.9)* 0.4 (0.8)
Range 0.0–3.0 0.0–4.0 0.0–4.0

PEF in morning (l/min)
Mean (SD) 269.5 (80.7) 258.8 (81.0) 264.1(80.8)
Range 126.7–473.3 80.2–455.0 80.2–473.3

PEF in evening (l/min)
Mean (SD) 280.0 (80.0) 276.3 (75.4) 278.2 (77.4)
Range 153.0–477.0 101.8–447.0 101.8–477.1

*p < 0.10; †p < 0.0001 for diVerence between new onset/worse group and stable group.
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which demonstrates that the three daytime
asthma symptom questions and the activity
question can be combined into one daytime
asthma symptom/activity scale. For each study
week, the mean scores of the daytime asthma
symptom questions and the awakening ques-
tion for both the new onset/worse and stable
groups were less than 1 (out of a possible 6
point scale for the three daytime symptoms
(range, 0–5) and a 4 point scale for the
night-time awakenings question (range, 0–3)).
Only 48 of the children (45%) had at least one
nocturnal awakening as a result of asthma dur-
ing the first week (20 patients in the stable
group (38%) and 28 patients in the new onset/
worse group (53%)).

Table 2 gives the mean (SD) scores, median,
and range of scores for the three daytime diary
asthma symptom questions, and the night-time
diary awakening as a result of asthma question
for study week 1. The three average daytime
asthma symptom question scores and the total
daytime symptoms/activity scale scores were
significantly worse (greater) in the new onset/
worse group compared with the stable group
for the first week of our study, demonstrating
good discriminant validity of the questions and
the total symptom/activity scale. There was no
significant diVerence in the mean score for the
asthma awakening question between the two
groups.

Table 2 also gives the diVerences between
the stable and new onset/worse groups for the
days without asthma during week 1. There
were significant diVerences between groups,
with an average of 39.6% of days being a day
without asthma in the stable group compared
with 11.6% of days in the new onset/worse
group (p < 0.001).

The ICC values measuring test/retest reli-
ability for the symptom questions on all patient
data combined from visit 3 to visit 4 were
acceptable for the frequency and bother of
daytime asthma symptoms questions. The ICC
values for the daytime questions were: 0.76
(95% CI, 0.67 to 0.83) for the trouble breath-
ing question; 0.77 (95% CI, 0.68 to 0.84) for
asthma bother question; and 0.72 (95% CI,
0.61 to 0.80) for the activity limitation
question. The combined asthma symptom
scale had an ICC value of 0.77 (95% CI, 0.68
to 0.84). The night-time awakening question
did not perform as well on test/retest reliability
as the three daytime symptom questions or the
combined scale (ICC = 0.56; 95% CI, 0.41 to
0.68).

Table 3 shows the Spearman correlation
coeYcients for longitudinal construct validity.
Changes from week 1 to week 3 for the daytime
symptom and activity questions correlated
moderately with changes in morning and
evening PEF and in morning and evening puffs
of â agonist inhaler used, but not with changes
in per cent predicted FEV1 over the same
period. The change in the night-time awaken-
ing score was correlated best with the change in
puVs of â agonist recorded in the morning to
reflect use overnight (0.37). The change in the
combined daytime symptoms scale and the
composite measure percentage of days without
asthma were both moderately to highly corre-
lated with all diary measures (symptoms,
night-time awakenings, morning and evening
PEF, and morning and evening of â agonist
inhaler used), but not with per cent predicted
FEV1.

The changes from baseline in the three diary
symptom questions were significantly related
to changes from baseline in all three domains of
the asthma specific paediatric quality of life
questionnaire (symptoms, activity limitation,
and emotional function domains). CoeYcients
ranged from −0.32 to −0.58.

Table 4 shows the change in average scores
from week 1 to week 3 to assess responsiveness

Table 2 Assessment of discriminant validity: scores for week 1 for daytime and awakening
symptom diary records

Stable patients (n = 53) New onset/worse (n = 53) p Value

Daytime diary
Trouble breathing

Mean (SD) 0.68 (0.78) 0.93 (0.62) 0.008
Median (range) 0.3 (0–4) 0.86 (0–2.4)

Asthma bother
Mean (SD) 0.58 (0.61) 0.95 (0.60) < 0.001
Median (range) 0.33 (0–2.4) 0.86 (0–2.1)

Activity limitation
Mean (SD) 0.41 (0.70) 0.71 (0.64) 0.001
Median (range) 0.14 (0–4.1) 0.57 (0–2.9)

Combined daytime symptom score
Mean (SD) 0.56 (0.67) 0.86 (0.57) 0.001
Median (range) 0.29 (0–3.4) 0.86 (0–2.2)

Night time diary
Awakening score

Mean (SD) 0.11 (0.20) 0.17 (0.23) 0.103
Median (range) 0.00 (0–1) 0.00 (0–1)

Days without asthma (%)
Mean (SD) 39.6 (35.5) 11.6 (21.3) < 0.001
Median (range) 28.5 (0–100) 0.00 (0–100)

p values are for stable v new onset/worse patients.
*Only 48 (45%) of 106 patients experienced awakenings with asthma in the first week.

Table 3 Longitudinal construct validity (Spearman’s correlation coeYcients) change from week 1 to week 3

Change in

Change in

% days without
asthma

% predicted
FEV1

Morning
PEF

Evening
PEF

Morning
puVs/day

Evening
puVs/day

Trouble
breathing

Asthma
bother

Activity
limitation Awakening

% predicted FEV1 0.04
Morning PEF 0.39* 0.11
Evening PEF 0.21* 0.15 0.72*
Morning puVs/day −0.21* −0.05 −0.14 −0.29*
Evening puVs/day −0.51* −0.06 −0.40* 0.31* 0.20*
Trouble breathing −0.55* −0.08 −0.38* −0.43* 0.31* 0.36 *
Asthma bother −0.57* −0.11 −0.41* −0.48* 0.30* 0.43* 0.89*
Activity limitation −0.49* −0.12 −0.29* −0.30* 0.26* 0.41* 0.75* 0.73*
Awakening −0.34* −0.03 −0.19* −0.19* 0.37* 0.10 0.46* 0.40* 0.36*
Combined daytime scale score −0.61* −0.11 −0.40* −0.44* 0.31* 0.41* 0.92* 0.93* 0.88* 0.46*

As the symptom score improved (decreased) the FEV1 and PEF both improved (increased).
*p < 0.05.
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of the diary daytime symptom questions, the
night-time awakening score, and the percent-
age of days without asthma. Of the four symp-
tom and awakening questions, only the
question for bother of asthma symptoms
showed a significant diVerence in change score
between the groups. Children in the stable
group experienced on average only a 6.4%
increase in their percentage of days without
asthma from study week 1 to week 3
(p > 0.10), whereas children in the unstable
group experienced a 24.5% increase
(p < 0.001). The responsiveness over the three
weeks in the new onset/worse group was
significantly greater for percentage of days
without asthma (p = 0.004) compared with
the children in the stable group (table 4; fig 1).

Table 5 provides the frequency of school
loss reported in the stable and new onset/
worse groups of children. The new onset/
worse group reported more school loss days
(p = 0.0003). An analysis of asthma attack
days was also conducted. There were a signifi-
cantly greater number of asthma attack days in
the new onset/worse group (p < 0.0001) than
the stable group in the first week of the study.
The diVerences between groups for study
weeks 2 and 3 decreased for both school loss
days and asthma attack days after treatment
intervention.

Discussion
A paediatric asthma symptom diary record
(Pediatric Asthma Diary) was developed as a
tool to measure change in asthma for use in

interventional studies of children and adoles-
cents with persistent asthma. The three day-
time symptom questions, the awakening ques-
tion, a combined daytime symptom scale score,
and a day without asthma were validated in our
study to determine their measurement charac-
teristics.

The daytime symptom questions, combined
daytime symptom scale, and day without
asthma were found to have acceptable
measurement characteristics in this population
of children with asthma, aged 6–14 years, with
persistent asthma symptoms. The daytime
symptom questions, the combined daytime
symptom scale, and the day without asthma
outcome measure were able to: (1) discrimi-
nate between a stable group and a worse/new
onset asthma group during study week 1
(baseline); (2) show moderate to good longitu-
dinal construct validity with change in other
measures of asthma evaluated in our study,
except FEV1; and (3) show responsiveness to
change in treatment from week 1 to week 3 in
the worse/new onset group as compared with
no change in treatment in the stable group.

The awakening question did not perform as
well as the daytime questions, the combined
daytime symptom scale, or day without asthma
on any of the tests of validity or reliability. In
addition, this question was not responsive to
change in treatment in this group of children
with asthma. However, we may not have been
able to demonstrate acceptable discriminant
validity and responsiveness for the awakening
question because these children were not
selected for presenting with nocturnal symp-
toms, as confirmed by the fact that fewer than
half (48 of the 106 children (45%)) had at least
one awakening with asthma symptoms during
the first week of the study. Although the discri-
minant validity and responsiveness of the
awakening question were not found to be
acceptable in our study, the assessment of
awakenings is commonly included in trials of
asthma treatments and it is an important indi-
cator of increasing asthma severity.26 If it is
desired to study the eVect of treatment on
night-time awakenings, it would be important

Table 4 Assessment of responsiveness: changes in average scores for week 1 to week 3 for
daytime and awakening symptom diary records

Stable patients (n = 53) New onset/worse (n = 52) p Value

Daytime diary
Trouble breathing

Mean (SD) −0.15 (0.64) −0.15 (0.85) 0.177
Median (range) −0.05 (−3.33 to 1.29) −0.29 (−1.86 to 2.57)

Asthma bother
Mean (SD) −0.04 (0.56) −0.23 (0.80) 0.009
Median (range) 0.00 (−1.67 to 1.57) −0.29 (−2 to 2.57)

Activity limitation
Mean (SD) −0.05 (0.77) −0.04 (0.85) 0.272
Median (range) 0.00 (−4.14 to 1.86) 0.00 (−2.00 to 3.00)

Combined daytime symptom score
Mean (SD) −0.25 (1.87) −0.42 (2.39) 0.037
Median (range) 0.00 (−9.14 to 4.71) −0.71 (−4.37 to 8.14)

Night time diary
Awakening score*

Mean (SD) 0.02 (0.27) −0.02 (0.34) 0.198
Median (range) 0.00 (−0.86 to 0.83) 0.00 (−0.83 to −1.27)

Days without asthma (%)
Mean (SD) 6.4 (26.9) 24.5 (33.6) 0.004
Median (range) 0.00 (−43.0 to 100) 14.3 (−28.6 to 100)

p values are stable v new onset/worse patients.
*Only 48 (45%) of 106 patients experienced awakenings with asthma in the first week.

Table 5 Missed school days by stable and new onset/worse groups

Number of children missing one
or more school days

Number of school days
missed/number of school days (%)

Stable group
(n = 53)

New onset/worse
group (n = 53)

Stable group
(n = 53)

New onset/worse
group (n = 53)

Week 1 5 15* 5/239 (2.1) 27/268 (10.1)
Week 2 5 7 6/257 (2.3) 13/274 (4.7)
Week 3 4 7 4/306 (1.3) 10/334 (3.0)
Total school days missed

(weeks 1, 2, and 3) 12 23 23/809 (2.2) 50/876 (5.7)

*Between group diVerences for week 1 are significant at p = 0.014.

Figure 1 The percentage of children in the stable and new
onset/worse groups with a day without asthma (DWA) for
each study day. A day without asthma was defined as a
day with no â agonist use, no daytime asthma symptoms,
no night-time awakenings, no unscheduled visits to a
physician or emergency department or admission to a
hospital for asthma, and no use of oral steroids for asthma.
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to select a population based on frequent night-
time awakenings on their current treatment, or
on placebo during a run in period.

The scores for the three daytime questions
and the awakening question were not normally
distributed in our study population. The mean
scores for the scales were all < 1 on a scale of
0–5 for the daytime questions and 0–3 for the
awakening question for both the stable and
new onset/worse groups. This indicates that
most of the children in both asthma groups
reported either no symptoms/limitations or
very mild symptoms/limitations during the
three week period. The level of symptom
burden in this population of children with
asthma appears to be consistent with the litera-
ture, which reports that children and adoles-
cents generally tend to minimise their report of
asthma symptoms and limitations compared
with adults.27

Because of the non-normal distribution of
the data, we used non-parametric methods for
analysis for each of the daily diary questions and
the total score. These methods are conservative
and do not rely on an assumption of normally
distributed responses. We recognise that other
methods of analysis using average symptom
scores may be appropriate.26 A small simulation
study was conducted, which showed that the
two analytical methods provide very consistent
results and that both methods are applicable for
analysis of these data.

The diary record also included measurement
of twice daily PEF to assess pulmonary
function. Although most clinical trials include
periodic measurement of FEV1 to assess pul-
monary function, daily or twice daily PEF pro-
vides an evaluation of the variability of asthma.
The children and adolescents also recorded the
number of puVs of â agonist inhaler used dur-
ing the day and at night. Both changes in daily
PEF and changes in daily puVs of â agonist
inhaler used were found to correlate signifi-
cantly with changes in the daytime symptom
questions and changes in the awakening ques-
tion. The sizes of the correlation coeYcients
are acceptable because the symptom scores
measure patient perception of their asthma
rather than lung function or need for additional
medication. Perception of symptoms is a clini-
cally relevant outcome measure and is the
measure that most physicians would use when
determining response to treatment. Consistent
with other research in children and
adults,18 28–31 changes in periodic measurement
of FEV1 were not found to correlate signifi-
cantly with changes in the asthma symptom
questions.

We created a composite summary to deter-
mine the percentage of days without any report
of asthma symptoms, â agonist inhaler use,
health care provider contacts, or oral cortico-
steroid use (day without asthma) for each
group. There was a significant diVerence
between the new onset/worse group, who
received a change in asthma treatment, and the
stable group, who did not receive a change in
treatment, over the three week study for the
percentage of days without asthma. This end
point is similar to others that have been used in

the literature for a symptom free day,32 and may
be particularly useful to examine the response
to a treatment.

Positive responses to questions on school
loss and need for urgent care of asthma or use
of oral corticosteroids occurred more fre-
quently in the first study week in the new
onset/worse group of children with asthma.
With treatment, the days of school loss and
need for urgent care or oral corticosteroids for
the new onset/worse group decreased to a rate
similar to that seen in the stable group. These
questions should be included in an outcome
measure of asthma in children and adolescents,
because they provide an indicator of asthma
control or severity and appear to be responsive
to treatment.

O’Connor and Weiss have called for an
evaluation of the validity, reliability, and
responsiveness to treatment of asthma symp-
toms as outcome measures.1 We found that
existing diary scales for assessing asthma
symptoms have either not been rigorously vali-
dated, or if validated, data on their measure-
ment characteristics were not provided or
referenced.13–15 28–30 32 33 We developed and
evaluated the measurement characteristics of a
daytime asthma symptom scale and an awaken-
ing with asthma question administered in a
daily paediatric diary. The results indicate that
the symptom scale and day without asthma
outcome measure could detect an improve-
ment in asthma symptoms in those patients
where a change in asthma treatment was indi-
cated. In addition, the diary scale and day
without asthma measure could diVerentiate
changes in the unstable asthma group from
those in the stable asthma group. These data
suggest that these measures would be a
valuable outcomes of treatment intervention
for persistent asthma in children.

The symptom scale questions would be most
appropriate for use in children who demon-
strate some level of symptom burden, to allow
room for improvement in the scores. The use of
these measures in clinical practice for follow up
of the clinical care of an individual child or
adolescent is not known from our validation
study. As should be done with all scales, we are
presently collecting additional data on the per-
formance of the diary scales as outcome meas-
ures in other paediatric populations treated
with other asthma treatments.
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Appendix

Pediatric Asthma Diary (Copyright 1995 Merck & Co, Inc)

Daytime symptom score

How much of the time did you have
trouble breathing today?

None of
the time

A little of
the time

Some of the
time

A good bit of
the time

Most of the
time All of the time

Circle one number 0 1 2 3 4 5

How much did your asthma bother
you today?

Did not
bother me

Bothered
me a little

Bothered me
somewhat

Bothered me
a good deal

Bothered me
very much

Bothered me as
much as possible

Circle one number 0 1 2 3 4 5

How much of the time did your asthma
limit your activity today? (activities
include any sort of physical activity:
running, playing, jumping, sports,
bike-riding, gym, etc.)

None of
the time

A little of
the time

Some of the
time

A good bit of
the time

Most of the
time All of the time

Circle one number 0 1 2 3 4 5

Night time awakening question

Were you woken by asthma? (either
during the night or in the morning) No Once

More than
once

Awake all
night

Circle one number 0 1 2 3
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