Pediatric asthma assessment: Validation

of 2 symptom diaries

Nancy C. Santanello, MD, MS West Point, Pa

Accurate assessment of the value of asthma interventionsin
pediatric clinical trialsis an essential step toward the improve-
ment of the treatment of this disorder in children. Convention-
al pulmonary function measures can be infeasible and unreli-
ablein younger children, particularly for usein multisite
studies. As an alternative or supplemental approach, diary
questionnaires completed by the patients or their caregivers
may provide valuable data regarding the efficacy of asthma
interventionsin pediatric clinical trials. These questionnaires,
however, have routinely not been validated for usein pediatric
populations. Two pediatric diary questionnaires (the child-
completed Pediatric Asthma Diary [PAD] and the parent/
caregiver-completed Pediatric Asthma Caregiver Diary
[PACD]) were designed to evaluate asthma symptoms in chil-
dren aged 6 to 14 years and 2 to 5 years, respectively. The
validity of these diary questionnaires was evaluated in 2 sepa-
rate prospective studies that included children who were divid-
ed into 2 asthma groups: stable (requiring no additional asth-
ma medication) and unstable (requiring either an increasein
or the addition of asthma medication). Both scales displayed
significant discriminant validity, construct validity, and
responsiveness to change in asthma therapy. Only the PACD
detected differences between groupsin nighttime symptoms,
such as awakenings caused by asthma. These validity studies
suggest that diary questionnaires such asthe PAD and PACD
can be valuable as an alternative for the evaluation of inter-
ventionsin pediatric asthma when pulmonary function testing
isinappropriate or asan adjunct to such objective measures.
(J Allergy Clin Immunol 2001;107: $465-72.)

Key words: Pediatric clinical trials, questionnaires, diaries

Because clinical trials designed to evaluate asthma
interventions in children pose unique challenges, many
asthma drugs have not been adequately tested in this pop-
ulation. As a consequence, product labeling typicaly is
based on studies in adults, with dosing guidelines extrap-
olated to pediatric populations, a practice that can com-
promise efficacy and safety in children. A major chal-
lenge to designing adequate clinical trials in children
with asthma is choosing meaningful measures to assess
asthma symptoms and treatment outcomes.

When asthma measures are being selected for a study,
there are a number of factors that should be considered.
First, one needs to determine the purpose of the study. If
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the purpose is to determine the prevalence of asthma
symptoms cross-sectionally at 1 point in timein a gener-
a pediatric population, the measure chosen should reli-
ably and validly separate those patients with symptoms
from those patients without symptoms. A different mea-
sure, again one that is reliable and valid, may be needed
for a study designed to assess the severity or disability
caused by symptoms in an asthmatic population. If the
study is aclinica tria to examine the benefit of a thera-
peutic intervention, measures sel ected should be both reli-
able and valid but additionally must be sensitive to detect
the expected changes. Other considerations on the selec-
tion of measures will include the age of the patient, who
provides information (eg, patient-, parent/caregiver-, or
physician-report), reliability and validity of the measure
in the population being studied, and duration of the study
(eg, assessment of health resource use may only be possi-
blein longer studies).

In young children, developmental issues can prevent
reliable perception and reporting of asthma symptoms.
Other developmental issues can influence the accuracy of
a young child’s symptom reporting; young children do
not possess a clear perception of time, and their ability to
recall events may not be sufficiently reliable to permit
accurate symptom reporting. Children are also often
reluctant to acknowledge their asthma symptoms
because, naturally enough, they want to be “normal” and
not different from their peers. Parents/caregivers are
often asked to provide an assessment of their child’'s
asthma symptoms. Depending on the age of the child, the
parent/caregiver has a different level of involvement in
monitoring daily symptoms and in the administration of
the child's asthma medication. Weak correlations have
been reported between the symptom reports of children
and those of the parent/caregiver.1.2 Additionally, the per-
ception of airway obstruction remains poor for both the
child with asthma and his or her parent/caregiver.3

Very young children also may not have adequate lan-
guage skills that enable them to understand or follow
complex instructions. Consequently, conventional meth-
ods of measuring airway obstruction in adults, such as
the use of spirometry, which requires the patient to fol-
low a multistep procedure, may be impractical and unre-
liable in children, especially those less than 8 years old.4
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Asthma symptoms and pulmonary function testing, when
feasiblein children, may in fact measure different aspects
of the disease. Previous studies have shown that, in chil-
dren and in adults, correlations between asthma symp-
toms and other measures of asthma (including standard
pulmonary function assessments such as percent predict-
ed FEV,) arelow.57

Asthma studies further indicate that children with
chronic asthmawho are undergoing controller therapy and
their parent/caregiver generally report milder daily asthma
symptoms than do adult asthma patients who are undergo-
ing controller medication therapy.>8° Symptoms in chil-
dren are often, on average, characterized by either the par-
ent/caregiver or the child as very mild or mild on a daily
basis.10.11 |n contrast despite similar pulmonary function
criteria, average daily symptom scores in adult asthmatic
patients who are undergoing chronic controller therapy
tend to be reported by the patient as more moderate.58:9

Generally, measures that assess asthma symptoms can
be divided into 2 types. screening and evaluative ques-
tionnaires. The World Health Organization question-
nairel2 and the International Study of Asthma and Aller-
giesin Children questionnaire are examples of established
asthma screening tools.1314 These measures are useful for
establishing the prevalence of asthma in a genera popu-
lation but are often not useful as measures of response to
therapy in an asthma population or may not have been
designed and tested in this way.

In contrast, measures that directly evaluate symptoms
are used to assess the burden of asthma in children and
may be useful in the assessment of changes in certain
outcomes, and these measures may be suitable alterna-
tives or adjuncts to standard pulmonary function assess-
ments. Several types of scales have been either wholly or
partially validated. These scales, developed for use in
pediatric populations, may be completed either by the
child or by the caregiver and include asthma-specific
quality-of-life measures,15.16 asthma self-efficacy and
self-management measures,17-19 and asthma symptom
questionnaires.1.12,20.21 These questionnaires are used
periodically and ask about symptoms in the past, and
therefore depend on accurate recall of symptoms. As an
example, a recent validated asthma scale from Lara et
al2! asks the parent/caregiver to recall the frequency
(responses range from “never” to “every day”) and sever-
ity (responses range from “very mild” to “very severe’)
of asthma symptoms over the past 4 weeks for cough,
wheeze, shortness of breath, chest pain, symptoms at
night, and number of asthma attacks.

An aternative type of rating of symptoms and burden
depends on physician assessment. Physician-rating
scales are eval uative measures commonly used to rate the
severity of asthma and response to treatment in children
that are based on physical signs, but these scales are not
useful measures of chronic asthma symptoms.22

This article reviews validation studies for 2 pediatric
asthma diary questionnaires and explores the potential
benefits and limitations of these instruments for usein a
clinical trial environment.
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PEDIATRIC ASTHMA DIARY VALIDATION

Merck & Company, Inc, has developed 2 pediatric
asthma diary questionnaires: the Pediatric Asthma Diary
(PAD) and the Pediatric Asthma Caregiver Diary (PACD).
These questionnaires have been designed to measure
daily asthma symptoms in children who are participating
inclinical trials. The PAD was designed for 6- to 14-year-
old children and is completed by the child with or without
assistance from the child's parent/caregiver.23 The PACD
was designed for 2- to 5-year-old children and is com-
pleted by the parent/caregiver.23 Separate clinical studies
evaluated the validity of these scales.

PAD questionnaire

The PAD is divided into 2 parts: daytime diary and
nighttime diary. The daytime diary assesses the frequen-
cy and bother of daytime asthma symptoms and how they
affect normal daily activities on a scale that ranges from
0 (no symptoms or activity limitation) to 5 (most symp-
toms or activity limitation). The nighttime diary exam-
ines the number of awakenings caused by asthma symp-
toms on a scale of 0 (no awakenings) to 3 (awake all
night). A 3-week prospective clinica study evaluated the
validity of the PAD symptom questionnaire in 106 chil-
dren aged 6 to 14 years. Two groups of children were
recruited into the study. One group, classified by physi-
cian investigators as being “stable,” was required to be
currently treated with anti-inflammatory controller med-
ication (cromolyn or inhaled corticosteroids [ICS]) and
required no changein their current asthmatreatment. The
other group was classified as “unstable.” The asthma of
these patients was either new in onset or worsening,
requiring either an increase or an addition of an anti-
inflammatory controller medication, either as cromolyn
or ICS. Children completed the asthma symptom diary
twice daily for the 3-week study period. For younger
children who were unable to read the diary, the
parent/caregiver was allowed to assist the child by read-
ing the questions and responses to the child and solicit-
ing the child's symptoms (Table 1).

Significant differences were observed between the sta-
ble and unstable groups in percent predicted FEV; at
baseline and daily B-agonist use over the first week
(Table I1). The symptom scores for both the stable and
unstable groups were also significantly different, with
the exception of the nighttime awakening scale for the
first study week. The daytime questions were able to dis-
criminate between the 2 groups at baseline, despite afair-
ly small (approximately 50 per group) sample size. The
average scores were less than 1, which indicated very
mild symptoms; the standard deviation reflected the con-
sistency of scores between 0 and 1 (Table lI1).

The ability of the diary questions to detect changesin
asthma was evaluated by comparing week 3 symptom
scores with week 1 scores (Table IV). There was a sig-
nificant difference between the stable and unstable
groups in changes of asthma bother score, the combined
daytime scale score, and the percent of children experi-
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TABLE I. PAD (completed by children 6 to 14 years old)
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encing a “day without asthma” In this analysis, a day
without asthma was defined as being a day with no f3-
agonist use, no daytime asthma symptoms, no nighttime
awakenings, no unscheduled visits to a physician or
emergency department, no admission to a hospital for
asthma, and no use of ora steroidsfor asthma. Therefore,
the diary was responsive to change in anti-inflammatory
controller therapy; that is, it was able to detect changesin
asthma between the stable and unstable groups over the
3 weeks. The study design does not allow for the deter-
mination of response to placebo; therefore, true respon-
siveness would need to be determined in a placebo-
controlled trial environment.10

The assessment of the days without asthma for the 2
patient groups (Fig 1) shows that during the first, base-
line week approximately 10% to 15% of the unstable
group experienced days without asthma. The percent of
unstable children having days without asthma progres-
sively increased with treatment. On the contrary, the sta-
ble children experienced day-to-day variations, but the
percent of children with days without asthma remained
stable for the entire study period. As seen with the symp-
tom scale, this combination endpoint appears to be
responsive to treatment.

The longitudinal correlations between the change in
symptoms reported and the change in other, more objec-
tive measures of asthma were generally low (Table V).
For instance, the change from the study’s week 1 to week
3, individual and combined symptom scores correlated
poorly with change in FEV; over the same period. The
fact that childhood asthma symptoms vary daily and that
the FEV ; evaluations were completed weekly in the clin-
ic may be, in part, responsible factors for these poor cor-
relations. The low correlations are consistent with other
research, however.5711.24-26 Additionally, only low-to-
moderate correlations were seen between diary symptom
and overnight and daytime [B-agonist puffs that were
measured at the same time in the daily diary.

TABLE Il. Baseline characteristics: 6- to 14-year-old chil-
dren

Stable Unstable
Characteristic (n =53) (n =53)
Age (y) 92+23 94+24
Male (%) 66 70
FEV, percent predicted (%)* 83.7+109  77.8+ 189"
B-Agonist puff/day for week 1 (%)* 1.2+1.7 31+23t
Morning PEF (%)* 269.5+80.7 258.8+ 810

PEF, Peak expiratory flow.
*Value given as mean + SD.
TP < .10.

P < .0001.

PACD questionnaire

A similarly designed study to evaluate the PACD
included 125 children, 2 to 5 years old, with stable and
unstable asthma and their parents/caregivers. For the
patients whose asthma was stable and unstable, respec-
tively, the mean ages were 4.3 and 4.0 years; there were
75% female and 68% male patients; cromolyn was used
by 68% and 35%; ICS was used by 29% and 22%; and
35% of the unstable patients were using no controller
asthma medication when they were entered into the study.

The parents/caregivers completed the PACD daily for
3 weeks. In this diary, the questions examined cough and
wheeze severity, extent of breathing difficulty during the
day, and limitations in the child’s normal daily activities
because of asthma (Table VI). Based on an acceptable
Cronbach a of 0.75, these 4 questions were combined to
give an overall daytime symptom score. In addition, the
daytime PACD explored other asthmar-related factors that
included resource use, school and daycare days lost,
caregiver’'slost days from work, and -agonist use during
the day. The nighttime questions focused on the frequen-
cy of cough, caregiver disturbance because of the child's



S$468 Santanello J ALLERGY CLIN IMMUNOL

MAY 2001
TABLE lll. Discriminant validity (week 1 scores for children with asthma who were 6 to 14 years old)
Symptom Stable (n =53) Unstable (n =53) P value
Trouble breathing 0.68+0.78 0.93+0.62 .008
Asthma bother 0.58+ 0.61 0.95+ 0.60 <.001
Activity limitation 0.41+0.70 0.71+0.64 .001
Combined daytime score 0.56 + 0.67 0.86 + 0.57 .001
Awakening score” 0.11+0.20 0.17+£0.23 .103
Values are given as mean + SD.
*Only 48 children (45%) experienced awakening with asthmain week 1.
TABLE IV. Responsiveness of diary questions (changes in scores from week 1 to week 3)
Question Stable (n = 53) Unstable (n = 53) P value
Daytime diary
Trouble breathing -0.15+ 0.64 -0.15+ 0.85 177
Asthma bother -0.04 £ 0.56 -0.23+ 0.80 .009
Activity limitation -0.05+ 0.77 -0.04 £ 0.85 272
Combined daytime score -0.25+1.87 -0.42 +2.39 .037
Nighttime diary
Awakening score” 0.02 £ 0.27 -0.02+0.34 .198
Change in percent with day 6.4+ 26.9 245+ 33.6 .004

without asthma (%)

Values given are mean + SD.
*Only 48 (45%) of 106 patients had awakenings because of asthmain week 1.

TABLE V. Correlation coefficients for change in symptoms versus change in other measures from week 1 to week 3 in
children 6 to 14 years old

Symptoms Percent predicted FEV, Morning PEF Evening PEF Overnight puffs Daytime puffs
Trouble breathing -0.08 -0.38" 043" 0.31 0.36"
Asthma bother -0.11 -0.41* -0.48° 0.30" 0.43°
Activity limitation -0.12 -0.29 -0.30° 0.26" 0.41
Awakening -0.03 -0.19 -0.19" 0.37" 0.10
Combined daytime scale score -0.11 -0.40° -0.44° 0.31 0.41"

PEF, Peak expiratory flow.
*Significant at P < .05. As the diary symptom score improved (decreased), significant improvements were seen in PEF (increases) and in 3-agonist use
(decreases).

TABLE V1. PACD (completed by children 2 to 5 years old)

Overnight
How much did your child cough last night after being put to bed for the night until awaking this morning? (Check 1 response.)
0 Did not cough at all 2 Coughed several times 4 Coughed almost al night
1 Coughed very little 3 Coughed frequently 5 | do not know
Daytime symptoms
How severe was your child’'s cough today? (Check 1 response.)
0 No cough 2 Mild cough 4 Severe cough
1 Very mild cough 3 Moderate cough 5 Very severe cough
How severe was your child’s wheezing today? (Check 1 response.)
0 Nowheezing 2 Mild wheezing 4 Severe wheezing
1 Very mild wheezing 3 Moderate freezing 5 Very severe wheezing
How severe was your child’s trouble breathing today? (Check 1 response.)
0 No trouble breathing 2 Mild trouble breathing 4 Severetrouble breathing
1 Very mild trouble breathing 3 Moderate trouble breathing 5 Very severe trouble breathing

How much did your child's asthma symptoms interfere with your child’s activities today? (Your child’s activities could include any sort
of physical activity such as running, playing, jumping, sports, bike-riding, climbing, or school activities.) (Check 1 response.)
0 Did not interfere 2 Mildly interfered 4  Severely interfered
1 Very mildly interfered 3 Moderately interfered 5 Very severely interfered

Copyright 1998 Merck & Co, Inc. Used with permission.
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FIG 1. Percentage of children, aged 6 to 14 years, with days without asthma over the 3-week study. Blue
line/circles represent children with stable asthma; orange line/triangles represent children with unstable
asthma. A day without asthma equals all of the following: no daytime and nighttime symptoms and no -
agonist, oral steroid, and urgent care use. (From Santanello NC, Davies G, Galant SP, Pedinoff A, Sveum R,
Seltzer J, et al. Validation of an asthma symptom diary for interventional studies. Arch Dis Child 1999;80:414-

20. With permission from the BMJ Publishing Group.)

TABLE VII. Discriminant validity: week 1 scores on parent/caregiver-completed symptom questions for children with

asthma who were 2 to 5 years old

Symptom measure Stable mean Unstable mean P value
Daytime cough 0.67 + 0.09 1.37+0.10 .0001
Daytime wheeze* 0.25+0.08 0.84 £ 0.09 .0001
Trouble breathing* 0.29 £ 0.08 0.83 £ 0.09 .0001
Activities limited* 0.29 £ 0.09 0.89£0.10 .0001
Combined daytime symptom score 0.37£0.04 0.98 £ 0.89 .0001
Nighttime cough’ 0.46 £+ 0.07 0.93+0.08 .0001

Values given are mean + SE.
*Daytime symptoms measured by severity on ascale of O to 5.
TNighttime symptoms based on awakenings (0 = none to 3 = up all night).

asthma, and B-agonist use at night. The baseline scores
on the variables collected for these young children are
displayed in Table VII.

Aswas seen with the PAD in older children, the symp-
tom scores were on average low, which indicates that the
parent/caregiver reported very mild symptoms in this
population. The PACD, however, was able to distinguish
between children with stable and unstable asthma at
baseline, despite low symptom scores between 0 and 1
and asmall sample size. Significant (P < .01) differences
were also detected in the nighttime symptoms (Table
VI1II). Of note, the percentage of young children with
reported nighttime symptoms, up to 93%, was much
higher than that seen in the study of older children
(45%). Although the precise reason for this difference is
unclear, one explanation may be that nighttime asthma
symptoms may be more disturbing to the parent/caregiv-
er than to the child, which would increase the frequency
of reports on the parent/caregiver-completed PACD.
There also may be differences in the types of asthma
symptoms in younger versus older children.

In these young children, the FEV, could not be reli-
ably measured at multiple clinical sites; consequently,
changes in parent/caregiver symptom reports were cor-
related with other more subjective measures, including
change in caregiver quality of life as measured by the
Pediatric Asthma Caregiver Quality of Life Asthma
Questionnaire,16 physician and caregiver global change
in asthma assessment at the end of the 3-week study,
and change in 3-agonist use (Table I X). For these young
children, changes in symptoms reported by the caregiv-
er were most highly correlated with changes in -
agonist use, a correlation higher than that detected in
the 6- to 14-year-old group or in adults.523 The high
correlation between symptoms and [-agonist use in
younger children may suggest an interaction between
these 2 measures. The locus of control in younger chil-
dren for the administration of asthma therapy generally
lies with the parent/caregiver. Therefore, the child may
have been perceived to be more symptomatic by the
caregiver because more -agonist treatments were per-
ceived to be necessary.
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FIG 2. Average daily use of B-agonist (puffs/d) over the 3-week study in children aged 2 to 5 years. Blue
line/circles represent children with stable asthma; orange line/triangles represent children with unstable

asthma.

TABLE VIII. Discriminant validity of nighttime symptom
questions

Stable (n =65) Unstable (n = 65)
Question n % n %
Parent/caregiver awakened 35 53.9 47* 78.3
Child coughed 48 73.9 56* 93.3
-Agonist used 10 154 28* 46.7
Any 1of 3 438 73.9 56* 93.3

*P < .01 for differences between groups at baseline.

Inthe PACD, al questions demonstrated significant (P
<.05) discriminant validity in distinguishing between the
stable and unstable groups on all questions, except for
time lost from work by the caregiver, perhaps because
most of the mothersin this study population did not work
outside the home. In terms of responsiveness, all ques-
tions differed significantly between groups, except for
lost time from school or daycare (alow percentage were
in school or daycare). Unlike the PAD in older children,
nighttime symptoms discriminated between stable and
unstable asthma; these symptoms were shown to be
responsive over time to therapy.

Fig 2 shows the clear discriminant validity of the
PACD’s measure of [-agonist use during the 3 weeks of
the study. The stable group shows a more consistent use
of lessthan 1 treatment per day; the unstable group’s use
starts high, at nearly 3 treatments per day, and is reduced
with treatment. Similarly, the percent of patients having
days without asthma symptoms differentiates the 2
groups (Fig 3).24 In the unstable group, the percent of
children who experience a day without asthma symptoms
israreinitialy, but with therapy, the incidence increases.
In the stable group, the percent of patients remains
between 30% and 40% throughout.

Overall, these studies suggest the PAD and PACD are
valid and reliable and may be responsive instruments for
the evaluation of asthma interventions in clinical trials
with children as young as 2 to 5 years of age.

DISCUSSION

The results of studies in pediatric populations support
the validity of the PAD and PACD questionnaires in the
assessment of the severity of children’s asthma symp-
toms and suggest that they can be valuable tools for eval-
uating asthmatreatmentsin theclinical trial setting, asan
aternative or adjunct to pulmonary function testing.

Despite generally low symptom scores, the PAD and
PACD displayed significant discriminant validity and
responsiveness to treatment interventions. Average
symptom scores reported were low, which indicated that
daily asthma symptoms were generally infrequent or
very mild in the children who were studied. The diary
responses in the PAD and PACD apparently support the
assertion that the nature of asthma in children, episodic
with fewer symptoms overall, is different from the more
persistent, more symptomatic asthma often seen in
adults. These results, however, should beinterpreted with
caution because of the previously mentioned reluctance
of children to acknowledge their disability.2 This tenden-
cy can reduce the child’s and the parent’s/caregiver’s per-
ceptions of the severity and frequency of airway obstruc-
tion, which could result in an underreporting of the actual
severity or symptom frequency.589

Steps can be taken to encourage increased perception
of asthma symptoms among children and their care-
givers. The mere use of a spirometer or peak flow meter
where feasible, for example, may enhance symptom
awareness, increasing the frequency and possibly the
accuracy of the questionnaire’s symptom reports. Indeed,
with adequate training of caregiver and child, spirometry
and peak flow rates have been shown to be feasible in
children as young as 4 years of age. Nevertheless,
because spirometry training can be time-consuming, the
usefulness of this method in younger children is ques-
tionable in certain settings, especialy large, multicenter
clinical trials where the need for training would be exten-
sive and costly. Also, the collection of daily symptoms
will more accurately reflect the day-to-day variation in



J ALLERGY CLIN IMMUNOL
VOLUME 107, NUMBER 5

—
2
T

o

:E

=5

=0
-

-
o5
s

52
=

o=

Santanello S$471

-4— Unstable
Stable

2 3456 7 8 910111213141516 17 1819 20 21

Study Day

FIG 3. Percentage of children, aged 2 to 5 years, who experienced each day without asthma symptoms dur-
ing the 3-week study. Blue line/circles represent children with stable asthma; orange line/triangles repre-
sent children with unstable asthma. (From Santanello NC, DeMuro-Mercon C, Davies G, Ostrom N, Noonan
M, Rooklin A, et al. Validation of a pediatric caregiver diary. J Allergy Clin Immunol 2000;106:861-6. With

permission.)

TABLE IX. Correlation coefficients for change in symptoms versus change in other measures from week 1 to week 3 in

children 2 to 5 years old

Change in QOL domain scores”

Global change in assessments

Symptom Activity Emotion Physician Caregiver Change in (-agonist treatments per day
Daytime cough -0.23f -0.20f 0.36" 0.40f 0.61f
Daytime wheeze -0.19 -0.25t 0.30f 0.391 0.67f
Trouble breathing  -0.18 -0.25t 0.28f 0.36f 0.58f
Activity limitations -0.28" -0.37F 0.39% 0.51t 0.65"
Combined daytime -0.27F -0.341 0.39f 0.47t 0.65"
Symptom scores
Nighttime cough -0.27t -0.31F 0.42f 0.47t 0.46"

QOL, Pediatric Asthma Caregiver Quality of Life Questionnaire.
*Reported by pediatric caregiver.
TSignificant at P < .05.

asthma, whereas spirometry is measured periodically.
This is consistent with the slightly better correlations
(although still low) observed between daily symptoms
and peak flow meters.

In the PAD evaluation, correlations between objective
measures of pulmonary function, such as FEV 4, correlat-
ed poorly with actual symptom reports over the study
period. These findings are consistent with what has been
reported in the literature for adults.511.25-27 Symptoms
and objective assessments of pulmonary function may
measure different aspects of the disease, underscoring
the need to measure both parameters when possible.
Underestimation or under recognition of symptoms by
children and parent/caregiver may explain, at least par-
tialy, the typically poor correlation observed between
these parameters.6.7 Daily symptom reports may more
accurately reflect the day-to-day variation in asthma,
whereas spirometry is generally measured episodically
and hence will not provide an assessment of asthma vari-
ability. Thisis consistent with the slightly better correla-
tions observed between change in daily symptom mea-

sures and change in daily peak flow measures, although
these are still quite low.

Importantly, guidelines for the treatment of asthmain
both adults and children are based on disease severity
response by symptom control, activity level, B-agonist
use, and response to treatment and are not determined
solely by pulmonary function assessments.14.2829 A
question arises as to whether assessments of pulmonary
function are appropriate in young children, a group in
which standard pulmonary function testing is often unre-
liable. Clinical trials in young children may require
symptom outcome measures to properly evaluate the
effects of treatment and to establish proper dosing when
measurement of pulmonary function is not possible.

Despite generally excellent validity for most measures,
the older child—completed PAD did not distinguish differ-
ences in nighttime symptoms between children with sta-
ble and children with unstable asthma. In contrast, the
caregiver-completed PACD, which evaluated young chil-
dren 2 to 5 years of age, detected significant differences
between these groups on al nighttime symptoms. The
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reason for this difference in sensitivity between the PAD
and PACD questionnaires may be attributed to the much
greater percentage of younger children who experienced
nighttime asthma symptoms, according to reports by their
caregivers. It was not clear, however, whether the caregiv-
er was more sensitive to a child's nighttime asthma symp-
toms, increasing the frequency of reports, or whether the
younger children actually experienced a greater incidence
of nighttime asthma symptoms.

Symptom reports and [3-agonist use were the most
highly correlated in young children, athough this rela-
tively high correlation may reflect the possibility that
caregivers may expect and thus report more symptoms if
they are providing more [3-agonist medication. Moreover,
the percentage of days without asthma, a combination
measure that primarily represents symptom- and medica-
tion-free days, displayed excellent discriminant validity
and clearly distinguished between stable and unstable
asthma on both the PAD and PACD.

CONCLUSIONS

Validated diary questionnaires, such as the PAD and
PACD, can provide one alternative for the evaluation of
the effectiveness of asthma interventions in pediatric
clinical trias, especially in young children in whom pul-
monary function testing is often inappropriate or excep-
tionally challenging. Because they may measure differ-
ent aspects of the disease state, symptom and pulmonary
function assessments should be used together when fea-
sible to provide the most complete assessment of asthma
severity and the value of treatment. When that is not pos-
sible, reliable, valid, and responsive measures of symp-
toms should be used to provide quality data and useful
information.
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