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Validation of an asthma quality of life diary in a

clinical trial

M E Hyland, G R Crocker

Abstract
Background - Quality of life (QOL) is
commonly measured in asthma clinical
trials by a questionnaire given before and
after treatment. A structured asthmaQOL
daily diary provides more restricted in-
formation but on a daily basis. The validity
and use ofsuch a QOL diary was examined
in a clinical trial in which two asthma
treatments were compared.
Methods - The effects of low dose inhaled
steroid (400 tg beclomethasone di-
propionate, BDP) combined with the long
acting P2 agonist salmeterol (100 rg) (n =
220) was compared with high dose inhaled
steroid (1000 jtg BDP) (n = 206) in asth-
matic outpatients in a double blind, par-
allel group study. Outcome measures
consisted of a combined diary for peak
expiratory flow (PEF) rate, symptoms,
and problems, and an asthma-specific
QOL questionnaire, the Living with
Asthma Questionnaire.
Results - The QOL diary correlated with
the QOL questionnaire for both cross sec-
tional and longitudinal assessments. Cross
sectional correlations with PEF were
higher for the QOL questionnaire than the
QOL diary, but longitudinal correlations
with PEF were higher for the diary than the
questionnaire. Treatment with low dose
steroidisalmeterol compared with high
dose steroid produced better lung func-
tion, better QOL as measured by diary,
and reduced night time wakenings, but
treatment differences were not obtained
with the QOL questionnaire nor for day-
time symptoms. Diary assessed QOL was
a better predictor of low PEF than diary
assessed symptoms. Compliance with
diary completion was good but there were
floor or ceiling effects in the QOL diary
records of about 25% of patients.
Conclusions - Structured QOL diaries are
valid instruments that appear to be more
responsive to longitudinal change in clin-
ical trials than a QOL questionnaire, but
QOL questionnaires provide a more sens-
itive cross sectional measure of disease
severity. Floor and ceiling effects are found
in some patients' QOL diaries which limit
their usefulness. QOL diary problem
events occur during the troughs of a peak
flow graph, while symptoms are more
widely distributed with respect to peak
flow.
(Thorax 1995;50:724-730)
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Four asthma-specific quality of life (QOL)
questionnaires"1 and one life activity checklist5
have been published, all of which have been
designed to measure QOL in clinical trials and
all of which have acceptable validity. Each of
these instruments requires patients to indicate
how much they have been affected by asthma
over a time span varying between two weeks
and one year. However, asthma symptoms are
also measured through the use of daily symp-
tom diaries and, given the widespread use of
diaries in asthma clinical trials, it would be
feasible to measure some of the QOL deficits
associated with asthma on a daily basis. Other
research shows that the questionnaire as-
sessment of life events introduces recall errors
which increase with duration between event
and recording,6 and in some circumstances
diary assessments can be superior.7 This study
examines the validity of an asthma-specific,
structured QOL diary as an outcome measure
in clinical trials.
Asthma can affect patients' QOL in many

different ways. Thus, some patients may ex-
perience specific problems resulting from ex-
acerbations of symptons during certain
activities and be distressed either by the symp-
toms themselves or by the immediate loss or
reduction of participation in activity that they
cause. Other patients may then choose to avoid
activities that they think are likely to cause
exacerbations, and thus experience distress at
missing out on the activity altogether. While
questionnaires can measure all these different
aspects of QOL deficit, diaries relate best to
the first aspect - namely, specific problems that
arise from exacerbations of symptoms. QOL
diaries are therefore not a substitute for QOL
questionnaires as they measure only one com-
ponent of QOL.

Responsiveness to longitudinal change is a
primary characteristic ofany clinical trial tool.89
Ofthe many measurable aspects ofQOL, some
seem less likely to change in a clinical trial than
others, because clinical trials measure over only
a relatively short period of a patient's life. If a
patient adopts an avoidant coping strategy for
activities that cause asthma problems, this strat-
egy may not change for some time even after the
patient's asthma has become better controlled.
Similarly, the distress caused by asthma may
still occur for a period after asthma has become
well controlled due to patient's recall of prior
asthma events. By contrast, the frequency with
which the patient has specific, exacerbation-
induced problems is likely to change more
rapidly with better control of asthma. The type
ofQOL deficit measured by a diary is therefore
more likely to be responsive to change com-
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pared with other deficits that are also included
in QOL questionnaires.'0

In this study we examined the responsiveness
of a structured QOL diary by comparing the
ability of a diary and questionnaire to detect
treatment differences. In addition, we ex-
amined the cross sectional and longitudinal
correlations between the QOL diary, ques-
tionnaire, diary measured symptoms, and daily
peak expiratory flow (PEF) to provide in-
formation about the validity of QOL diary
methodology.

Methods
STUDY DESIGN
This multicentre, double blind, parallel group
study compared two treatment regimens: be-
clomethasone dipropionate (BDP) 400 jtg daily
plus salmeterol xinafoate 100 jig versus BDP
1000 gg daily. Patients were initially assessed
over a two week baseline period during which
they took BDP 400,g daily. On successful
completion of the baseline, patients were ran-
domly allocated to one of the two treatment
groups over a six month period from which we
report data for the first three months.

PATIENT SELECTION
Patients aged between 18 and 75 were admitted
into the baseline period if they were receiving
400 jg BDP via a metered dose inhaler or
equivalent, and using a P2 agonist as required.
If, during the baseline study patients dem-
onstrated a peak flow variation of at least 15%
and recorded asthma symptoms for at least
four of the last seven days, they were randomly
allocated to one of the two treatment groups.
Patients were excluded from the study if they
were receiving maintenance oral corticosteroids
or had received a short course of oral steroids
in the six weeks before the start of the study
or had received more than four short courses
of oral steroids in the last year. Patients with a
forced expiratory volume in one second (FEVI)
of less than 50% predicted were also excluded,
as were those who had changed asthma therapy
in the six weeks before the start of the study.

TREATMENT
During the two week baseline phase all patients
were allowed to stay on their standard treat-
ment which was BDP 400 jg daily or equi-
valent. During the active treatment period
patients received either salmeterol xinafoate
50 jg twice daily via the four-place Diskhaler
plus BDP 200 jig twice daily via a metered dose
inhaler or placebo twice daily via the four-place
Diskhaler plus BDP 500 jg twice daily via a
metered dose inhaler. All patients were supplied
with salbutamol for symptomatic relief
throughout the study.

MEASUREMENTS
QOL was measured by questionnaire using the
Living with Asthma Questionnaire,2 a 68 item
questionnaire which can be scored either by its

11 domains or, following psychometric analysis
subsequent to the original development of the
scale," by its two constructs - Funtional lim-
itation and Distress. The domains are Social/
leisure, Sport, Holidays, Sleep, Work and other
activities, Colds, Mobility, Effects on others,
Medication usage, Sex, and Dysphoric states
and attitudes. The construct of Distress in-
cludes the majority of items in the domain
of Dysphoric states and attitudes and some
Medication usage items. Some of the Func-
tional limitation items relate to specific prob-
lems - for example, going home early after a
party - and others to the avoidance of activities
- for example, avoiding other people with colds.
No specific time frame is specified; patients are
asked to respond according to how they are at
the time assessed.
QOL was measured by structured diary using

a specially constructed diary card that elicited
information about QOL as well as symptoms
and PEF. The diary was constructed on the
basis of the content of existing QOL ques-
tionnaires, and there were four categories of
problem: (a) paid employment, assessments,
studying; (b) domestic jobs, housework, gar-
dening, shopping, DIY; (c) visiting friends,
leisure, sports, enjoyment; and (d) missed ap-
pointments, not getting things done. Subjects
responded in the evening to all four problems
on each day of diary completion using the
following six categories: not applicable, no
problems, one minor problem, a few minor
problems, several major problems, as bad as I
could imagine. Symptoms were assessed in
the evening but patients also recorded in the
morning whether they had been woken the
previous night and taken relief medication dur-
ing the day. PEF was recorded morning and
evening.

Because some patients complete diaries
retrospectively,'2 they were instructed not to
do so but to leave the space blank if they forgot
on any day. The instructions were intended to
legitimise forgetting and therefore to reduce
the incentive to produce invalid data.

PROCEDURE
Patients completed the diary for the final seven
days during a 14 day baseline period and for the
first week of every month during the treatment
period. The Living with Asthma Questionnaire
was completed at the end of the baseline period
and thereafter three monthly. We report data
from the first three months of treatment of a
longer trial.'3

DATA ANALYSIS
Scoring
The Living with Asthma Questionnaire
(LWAQ) was scored using its two construct
subscales.'4 Diary measures were scored as fol-
lows: problem incidence is the proportion of days
when a problem was reported out of all days
when either a problem or no problem was
reported by the patient; problem severity is the
average severity score on such days. Symptom
incidence is the proportion of days out of all
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Hyland, Crocker

Table 1 Number ofpatients in each treatment group at start of study by sex and age
(n= 426)

SalmeterollBDP High dose BDP

Age Men Women Men Women

16-29 23 9 14 21
30-44 24 31 20 29
45-59 31 47 21 43
60+ 24 31 30 28
Total 102 118 85 121

Table 2 Baseline average values for diary variables

SalmeterollBDP High dose BDP

Mean Median Mean Median

Morning PEF 349 0 337 1 338-8 339-2
Evening PEF 377-8 3714 369-1 368-3
Diurnal variation 0-15 0-12 0-15 0 11
Problem incidence 0-56 0-60 0-52 0 50
Problem severity 1-39 1 00 . 1-26 0-80
Night wakenings 0 40 0 33 0 35 0-17
Symptom incidence 0-87 1 00 0-87 1 00
Symptom severity 1 48 1-50 1-47 1 43

PEF=peak expiratory flow.

Table 3 Number of days when a diary was completed for combined treatment groups

Pre-treatment Post-treatment

Number of days Number ofpatients Number of days Number of patients
completed completed

0 8 0 2
1 3 1-7 98
2 2 8-15 25
3 5 16-18 14
4 11 19 24
5 18 20 153
6 171 21 104
7 204 22 or more 6
8 or more 4

The protocol specified 7 days pre-treatment and 21 days post-treatment. For both pre-treatment
and post-treatment patients who completed one or more days are deemed to have submitted a
valid diary for that period.

days when either a symptom or no symptom
was reported by the patient; symptom severity is
the average day time symptom score on such
days. Night wakenings is the proportion of days
when a patient reported being awake at night
out of all nights reported. Morning PEF and
evening PEF were the mean PEF values of
morning and evening diary records, re-
spectively. Diurnal variation was the absolute
difference of morning and evening PEF ex-
pressed as a proportion of the morning PEF.
All variables were calculated separately before
and after treatment. In addition, for all vari-
ables, change scores were calculated by taking
the absolute difference between the scores be-
fore and after treatment.

Data validity
Statistical tests were carried out on an intention
to treat basis for valid data. Valid LWAQ ques-
tionnaires required an answer to at least 59 of
the 68 items. Valid diary entries were on a
variable basis; if a variable was marked for one
or more days then that variable was deemed
valid for that patient. However, if no mark was
made on the diary record for a variable during
the time period analysed, that variable was
considered invalid.

Statistical tests
The variables in this study consisted of two
questionnaire QOL measures, five diary QOL
or symptom measures, and three respiratory
function measures - all 12 variables being ob-
served during baseline and treatment periods.
The baseline data are of mixed type. Some
variables appear normally distributed - for ex-
ample, some respiratory function indicators
and the questionnaire constructs - while others
are best treated as ordered categorical - for
example, most diary measures and those ques-
tionnaire domain variables which are formed
from very small subsets of questionnaire items.
Diary QOL and symptom score analysis in-
troduces a problem of statistical interpretation
not found in diary physiological measures.
Some patients scored at the extremes during
the baseline period and remained at the same
extreme during the treatement period - for
example, no problems recorded on any day in
both the baseline and treatment periods. It
is impossible to tell whether these patients
genuinely did not experience any change or
whether the scale was insensitive in that in-
stance due to floor or ceiling effects. Con-
sequently these patients were excluded from
the change analyses (longitudinal correlational
analyses and efficacy analyses) as being invalid,
as the inference that no change had taken place
is uncertain. However, such patients were not
excluded from baseline analyses (cross sec-
tional correlations).
The various analyses use the valid subsets of

the baseline and change variables and statistical
tests have been selected to treat all variables in
a similar manner. Thus, as a general rule,
analyses which involve baseline data treat all
variables as ordered categorical while analyses
which involve only change data - that is, those
examining treatment effects - use variables
which may be regarded as fully ordinal at least.
The analysis of diary validity (which involves
baseline data) is by Goodman and Kruskal's
gamma statistic for assessing the relationship
between ordered variables in a contingency
table (tables 6 and 7). The gamma statistic is
measured on the same - 1 to + 1 scale as the
more familiar higher level correlation co-
efficients and has the same qualitative in-
terpretation. Mann-Whitney tests were used to
compare the efficacy of the two treatments
(table 9) and a paired t test used to analyse
change in respiratory function (table 8) as these
change variables have higher levels of measure-
ment.

Results
SUBJECT POPULATION
Sample size, age, and sex of the study popu-
lation are shown in table 1, and baseline diary
values are shown in table 2. Not all patients
completed diaries for the full seven days before
treatment and 21 days after treatment, and the
number of diary days completed is shown in
table 3. For some patients the seventh day
before treatment coincided with the first day
of treatment, and for these patients the seventh
day was discounted so that a maximum of six
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Table 4 Number ofpatients completing valid diaries (any section) and questionnaires
throughout the study

Pre-treatment Post-treatment Pre-treatment and
post-treatment

Diary 418 424 418
(215:203) (219:205) (215:203)

Questionnaire 378 295 276
(193:185) (155:140) (142:134)

Both diary and 373 295 274
questionnaire (189:184) (155:140) (140:134)

Numbers in parentheses show (salmeterol/BDP:high dose BDP).

Table 5 Number ofpatients completing valid problem sections of diary and
questionnaires throughout the study

Pre-treatment Post-treatment Pre-treatment and
post-treatment

Diary 408 423 408
(210:198) (218:205) (210:198)

Questionnaire 378 295 276
(193:185) (155:140) (142:134)

Both diary and 371 295 272
questionnaire (188:183) (155:140) (139:133)

Numbers in parentheses show (salmeterol/BDP:high dose BDP).

Table 6 Cross sectional correlations between questionnaire, diary, and respiratory
function measures

Questionnaire Respiratory function

Functional Distress Morning Evening Diurnal
limitation PEF PEF variation

Diary:
Problem incidence 0-414* 0-296* -0-086 -0-091 0-032
Problem severity 0-492* 0-328* -0-140t -0-133t -0-020
Night wakening 0-421 * 0-380* -0-287* -0-223* -0 155*
Symptom incidence 0 379* 0-296* -0- 140* -0-071 -0 044
Symptom severity 0-387* 0-328* -0-170t -0-143t -0-070

Respiratory fimction:
Morning PEF -0-341* -0-137t
Evening PEF -0.350* -0.137t
Diurnal variation -0-106 -0 120t

*p<0-001; tp<0-01; *p<O05.

Table 7 Longitudinal correlations between questionnaire, diary, and respiratory function
measures

Questionnaire Respiratory function

Functional Distress Morning Evening Diurnal
limitation PEF PEF variation

Diary:
Problem incidence 0 376t -0 007 0 305t 0-272t -0-147
Problem severity 0-376t 0-065 0-257t 0-242t -0-139
Night wakening 0-379t 0-139 0-208 0-344t 0-178
Symptom incidence 0-172 -0 097 0.500* 0-283* 0-109
Symptom severity 0 363t 0-132 0-518* 0-396* 0-071

Respiratory function:
Morning PEF 0 005 0-143
Evening PEF -0-203 -0.149
Diurnal variation 0-006 0-153

*p<0-001; tp<0-01; tp<0 05.

Table 8 Difference between PEF on baseline days when patients had (a) no symptoms,
(b) symptoms but no problems, (c) symptoms and problems

Difference between days on which Morning PEF Evening PEF Diurnal variation
the following were recorded

Symptoms v no symptoms'
Mean -1-33 -0-37 0-002
n 62 61 61
p 0-72 0-96 0-92

Problems v symptomsb
Mean -4-71 -6-65 0 004
n 206 205 204
p 007 0-002 0-56

'Symptoms but no problems -no symptoms.
bSymptoms and problems -symptoms but no problems.

days was recorded for a fully completed diary
card; 89% of patients completed at least six
days in the pretreatment diary. The incomplete
diaries in the post-treatment period resulted
partially from the 91 withdrawals (45 BDP/
salmeterol and 46 high dose BDP) that took
place between the onset of treatment and the
third month of treatment. Of those who at-
tended the end visit at three months, 75% of
patients completed diaries on at least 20 days.
Only patients who completed no days for a

variable were deemed to have submitted invalid
diaries for that variable. Tables 4 and 5 show
the number of patients completing valid ques-
tionnaires and diaries for any diary entry and
for any entry in the QOL (problem) section. A
small number of patients completed the PEF
section but not the QOL section. Completion
rates were higher for diaries than ques-
tionnaires; questionnaires tending not to be
completed at all rather than partially com-
pleted.

CORRELATIONS OF THE QOL DIARY WITH OTHER
MEASURES
Table 6 shows the cross sectional correlations
(at baseline) between the LWAQ subscale
scores, the QOL component ofthe diary (Prob-
lem incidence and Problem severity), and the
symptom component of the diary (Night
wakenings, Symptom incidence, and Symptom
severity). All of the QOL diary symptom meas-
ures correlated more strongly with the Func-
tional limitation subscale than the Distress
subscale, though all correlations were sig-
nificant at p<0-001. We also examined the
correlations between QOL diary measures and
the LWAQ domain subscale scores, and the
size of these correlations was consistent with
expectation - for example, the Sleep domain
correlated 0-64 with diary assessed Night
wakenings. In addition, table 6 shows the cross
sectional correlations between respiratory func-
tion measures and QOL measured by the
LWAQ, QOL measured by the diary, and symp-
toms. As predicted,"0 the Functional limitation
subscale score of the LWAQ correlated more
strongly with PEF than the Distress subscale.
PEF correlated less well with diary assessed
QOL than with the Functional limitation sub-
scale of the LWAQ. Diurnal variation had non-
significant cross sectional correlations with all
QOL and almost all symptom assessments.
Table 7 shows the longitudinal correlations

between QOL as measured by the LWAQ, the
diary QOL and symptom assessments, and
respiratory function. About 25% of the sample
entered into the cross sectional analysis had
either ceiling or floor effects on the diary meas-
ures - that is, no change over all days recorded
throughout the trial - and so were not included
in the longitudinal analysis. Numbers of
patients entered into the longitudinal diary
measures were, for the following variables:
symptoms: 286 (153 salmeterol/BDP and 133
high dose BDP); night wakenings: 254 (130
salmeterol/BDP and 124 high dose BDP);
problems: 309 (156 salmeterol/BDP and 152
high dose BDP). Inclusion of patients with
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Table 9 Medians and comparative efficacy of salmeterol/BDP and high dose BDP on diary and questionnaire measures

SalmeterollBDP High dose BDP p

Baseline Treatment Change' Baseline Treatment Change'

Questionnaire
Functional limitation 0 95 0-85 -0-04 0 94 0-85 -0-06 NS
Distress 0-63 0-56 0 00 0-61 0 50 0 00 NS

Diary
Problem incidence 0-67 0-42 -0-18 0 50 0 35 -0-11 0-02*
Problem severity 1-25 0-80 -0-29 1-00 0 90 -0-14 0.03*
Night wakenings 0 50 0-24 -0-20 0-43 0-27 -0-14 0-02*
Symptom incidence 1-00 0-52 -0 35 0-86 0 53 -0-26 NS
Symptom severity 1-50 0 95 -0-42 1-43 1-00 -0-36 NS

*p<0-05.
'Values are the medians of the patient-wise differences.

ceiling and floor effects in the longitudinal
correlational analyses reduced the size of the
correlations, though significance levels re-
mained broadly the same. The correlations
between QOL diary assessments and Func-
tional limitation were significant; those between
QOL diary assessments and Distress were not.
The QOL diary change measures were sig-
nificantly related to change in respiratory func-
tion but neither of the QOL questionnaire
subscales correlate significantly with respiratory
function change. (Statistical note: we compared
different ways of calculating proportion of
problem and symptom days, and the procedure
described in the methods section provides the
best correlational results as well as appearing
the most justifiable a priori.)

PEF ON DAYS WHEN PATIENTS REPORT
SYMPTOMS AND PROBLEMS
Table 8 shows the difference between mean
PEF on days when patients did and did not
report symptoms (no patients reported prob-
lems in the absence of symptoms) during the
baseline period. Sixty two (for morning) and
61 (for evening) patients completed PEF on at
least one day when they had no symptoms as
well as at least one day when they had symp-
toms but no problems during the baseline
period. For each of these patients mean PEF
was calculated for the symptom-free days and
for the symptom but no problem days. There
was no significant difference in mean PEF
between symptom and symptom-free days.
Also shown in table 8 are the differences in
mean PEF for days when patients had symp-
toms but no problems and days when they had
symptoms and problems (n= 206 for morning
and 205 for evening PEF readings). Days when
patients had problems were associated with
significantly lower PEF values than when they
had only symptoms, both for morning and
evening PEF but not for diurnal variation.
Thus, reports of problems provide a more ac-
curate predictor of low PEF than reports of
symptoms.

EFFICACY OF THE TWO TREATMENTS
As a separate analysis'3 of this study has shown
that treatment with salmeterol/BDP produced
better lung function values than high dose BDP,
in the final stage of the analysis we compared
the change in QOL and symptoms of the two
treatment groups and these data are shown in

table 9. There were no significant differences
between the two treatment groups for either of
the two LWAQ subscales or symptom scores.
Excluding the no change subjects for the pur-
pose of the diary analysis (sample sizes are the
same as for longitudinal correlational analysis
above), salmeterol/BDP produced significantly
better change for problem incidence (p = 0 02),
problem severity (p<005), and night waken-
ings (p = 0-02). Table 9 shows the mean values
for these patients, but if those patients ex-
hibiting floor and ceiling effects are included
in the analysis, the significance levels are slightly
reduced (p = 0-02, p = 0 05, and p = <0 05, re-
spectively), though still significant.

Discussion
Responsiveness to change is an important char-
acteristic of a QOL instrument when it is used
in a clinical trial.89 Although the Living with
Asthma Questionnaire has been shown in two
other studies4 15 to be able to detect treatment
differences between salmeterol and placebo,
we found in this study that it was unable to
detect differences between salmeterol/BDP and
high dose BDP. It may be that the questionnaire
is able to detect improvement compared with
no improvement but not able to distinguish
different degrees of improvement. By contrast,
the QOL structured diary was able to detect
differences in level of improvement between
salmeterol/BDP and high dose BDP.
Although diaries are an established method-

ology for assessment of asthma symptoms and
PEF,'6 the issue of patient compliance and
validity remains. In this study patients were
never required to complete a diary for more
than seven days at a stretch. We found that
patient compliance was good even though they
were instructed to leave days blank if they
forgot. Level of retrospective completion can-
not be computed from paper and pencil diaries,
though varying estimates have been obtained
from electronic recordings in other studies.'217
We found that diaries, in contrast to ques-
tionnaires, suffer from floor and ceiling effects
and about 25% of patients showed no change
in problem incidence throughout the entire
study. The inclusion of such patients in long-
itudinal analysis is questionable as it is unclear
whether no change really means no change or
that the instrument is out of range for these
patients. Our longitudinal analyses excluded
such patients for this reason, and this decision
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was consistent with the finding that inclusion
of no change patients reduced the size of cor-
relations and efficacy. Clearly, the existence of
floor and ceiling effects in a measuring in-
strument represents an important limitation,
and this finding suggests that future use ofQOL
diaries in clinical trials may require careful
attention to patient selection on QOL grounds
rather than on only physiological grounds. For
example, patients who never report QOL prob-
lems are unlikely to change from this zero
level of problem incidence when treated with
superior medication irrespective of lung func-
tion, and the inclusion of such patients in a
QOL trial is therefore inappropriate. Al-
ternatively, it may be possible to develop diary
methodology so that floor and ceiling effects
are less common.
Examination of the correlational data shows

that, in general, the questionnaire had superior
cross sectional correlations and the diary had
superior longitudinal correlations with re-
spiratory function. It would appear therefore
that a QOL diary has a useful role in evaluating
clinical trials but it is not a substitute for ques-
tionnaires which are more comprehensive and
provide better cross sectional comparisons. The
poor cross sectional correlations between the
diaries and absolute PEF values suggest that
patients have idiosyncratic ways of responding
to diaries which, while consistent over time,
provide a poor measure of cross sectional dis-
ease severity.
There was good convergent validity between

the diary and questionnaire and, in particular,
the Functional limitation subscale of the ques-
tionnaire. The Functional limitation subscale
(which in a previous study was found to be
more sensitive to change than the Distress
subscale'4) includes two kinds of items in sev-
eral domains: those describing specific prob-
lems and those describing the avoidance of
activities of which the diary assesses only the
former. The high convergent validity (good
cross sectional and longitudinal correlations)
between Functional limitation and diary as-
sessed problems is consistent with the diary
assessing specific problems arising from the
exacerbation of asthma.
The diary does not appear to be a particularly

good measure of distress, and the additional
information contained in the problems severity
score in contrast to the problems incidence
score did not add anything either to the cor-
relations or responsiveness to change. It ap-
pears that rating the severity of a problem
provides no more useful information than
simply indicating whether a problem has oc-
curred or not; however, this conclusion must be
treated cautiously as most problems recorded
in this study were minor rather than severe.
Furthermore, as this was the first QOL diary
to be used in a clinical trial it is yet to be
determined whether other types ofdiary format
lead to similar conclusions.
The mean PEF on days when patients re-

ported only symptoms and days when they
reported problems provides useful information
about how diary reported problems differ from
diary reported symptoms. We found that on

some days patients reported no symptoms or
problems, some days they reported symptoms
and no problems, and some days they reported
symptoms and problems (they never reported
problems and no symptoms). The existence of
symptoms alone was not associated with a lower
PEF compared with symptom-free days, con-
firming the generally poor relationship between
symptomatology and PEF.15 However, mean
PEF was significantly lower on days when
patients had problems compared with when
they had symptoms and no problems. It would
seem that patients report problems during the
troughs of a PEF graph, whereas they report
symptoms over a broader spectrum of values
in a PEF graph. Diary-reported problems were
more responsive to longitudinal change than
diary-reported symptoms (but not night time
symptoms). This is either because problems
are a more responsive subjective measure than
symptoms or because of treatment effects: it
may be that salmeterol/BDP leads to a greater
reduction in the more severe PEF troughs com-
pared with the less severe PEF troughs than
high dose BDP. In any case it would seem
that problem diaries provide useful additional
information compared with symptom diaries
and can play a useful part in clinical trials.

In conclusion, patients seemed to find a
structured QOL diary acceptable and com-
pletion rates were high under circumstances
where patients never had to complete a diary
for more than seven days in one stretch. Diary
assessed QOL is a valid and responsive tech-
nique for measuring one component of QOL,
but questionnaires provide a broader and more
sensitive cross sectional measure. The major
weakness with QOL diaries is that for some
patients they exhibit floor and ceiling effects,
and for these patients diaries are an invalid
measure of change. Care must therefore be
taken in clinical trials either to select out such
patients or to develop diaries that are less prone
to floor and ceiling effects.
QOL diaries measure patient perceived prob-

lems, and the patient's subjective awareness of
problems is not the same as their awareness of
symptoms. Diary recorded problems provide a
better measure of the troughs in a PEF graph
and we found them to be more sensitive to
treatment changes than symptoms. Thus, diary
reported QOL problems should be assessed
in clinical trials where subjective reports of
patients are an important outcome measure.
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