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Diurnal variability—time to change asthma guidelines?
Helen Reddel, Christine Jenkins, Ann Woolcock

Peak expiratory flow varies throughout the day in nor-
mal subjects, and this diurnal variation is increased in
people with asthma.1 Current asthma guidelines
recommend that diurnal variability of the peak expira-
tory flow rate should be calculated when diagnosing
asthma and assessing its severity, 2–7 including during
exacerbations.3 4 Diurnal variability of peak flow has
been used as a marker of airway responsiveness,8 9 par-
ticularly in epidemiological studies,10 11 and as an
outcome measure in clinical asthma trials.12 However,
there are problems associated with its use.

Cumbersome calculations
Although diurnal variability in peak flow has been
included in asthma guidelines for many years, doctors
in primary and secondary care settings rarely use it,
because of the cumbersome calculations involved. Sev-
eral alternative equations may be used. The most
common are the amplitude percentage mean
((maximum−minimum)/mean) or the amplitude
percentage maximum ((maximum−minimum)/
maximum), calculated for each day, and then averaged
over a period of 1 to 2 weeks.13 Determining the ampli-
tude percentage mean from as few as 7 days of twice

daily peak flow readings for one patient (see fig 1) is
complicated and tedious, even if calculator shortcuts
(which may increase the possibility of error) are used.
Furthermore, the calculations take too long for a
standard medical consultation. Electronic recording
and computerised processing of peak flow data are still
prohibitively expensive for general practice, and also
have pitfalls. For example, if a program is written to
calculate daily amplitude as (evening−morning)
instead of (maximum−minimum), some daily values
may be negative, resulting in an underestimation of
average diurnal variability. It should be noted that the
various equations currently used to estimate diurnal
variability give results that are not directly comparable.

Number of daily observations
Most asthma guidelines state that diurnal variability
should be calculated from two sets of peak flow readings
each day—taken in the morning and afternoon/
evening.2–7 However, several studies have now shown
that diurnal variability is grossly underestimated unless
peak flow is recorded four or more times a day.14 15 For
example, one study showed that only 20%-45% of “true”
diurnal variability (based on 13 daily peak flow readings)
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Fig 1 Peak expiratory flow (PEF) chart of a 36 year old man. Diurnal
variability been calculated for the last 7 days only
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was detected from two daily peak flow readings.15 Two
hourly peak flow readings are currently used in diagnos-
ing occupational asthma, but patients in normal clinical
practice often have difficulty recording peak flow even
twice daily,16 resulting in bias through non-compliance.17

Impact of timing
A corollary of the above is that if patients record only
two peak flow sessions per day, the time at which peak
flow is recorded may have a major impact on the esti-
mated diurnal variability. In most patients, the
acrophase (peak) of peak flow occurs at approximately
1400 to 1600,1 but asking patients to record peak flow
at this time on workdays is generally impractical. A
delay in recording the second daily set of peak flow
readings which leads to a difference of only 50 l/min in
absolute peak flow may cause an underestimation of
diurnal variability for that day of as much as 50%
(fig 2). Clinical trials often try to standardise by specify-
ing time “windows” within which peak flow measure-
ments should be performed. Doing this may, however,
introduce more error, because the timing of the peak
flow acrophase seems to be determined by the time at
which the patient wakes on that day, and, unlike other
circadian rhythms, changes almost immediately with a
change in waking time.18 In one study, peak flow deter-
minations performed “immediately upon waking” were
recorded, on average, 81 minutes later on weekends
than on weekdays.19 Gannon et al found that the peak
flow acrophase occurred more than 2 hours later on
rest days than on workdays,14 presumably because of
differences in waking time. Thus, normal lifestyle varia-
tions can have a substantial impact on estimated diur-
nal variability.

Effect of drug regimens
The validity of diurnal variability as a measure of asthma
severity was originally established when the recom-
mended treatment regimen for â2 agonist drugs was
routine inhalation two to four times daily, but its
continuing validity cannot be assumed now that â2

agonists are usually taken only on demand. If a â2 agonist
drug is inhaled to relieve symptoms rather than at a rou-
tine time, the elapsed time before the next scheduled

peak flow recording is likely to vary from day to day, and
errors caused by the augmentation of peak flow by a
residual bronchodilator effect may occur. Once again (as
in fig 2), a small change in the absolute peak flow can
cause a large change in the calculated diurnal variability.

Several asthma guidelines specify that in order to
standardise recording conditions peak flow should be
recorded before the inhalation of â2 agonist drugs. This
is also standard practice in most clinical trials. However,
in clinical practice, patients with asthma that is poorly
controlled cannot be asked to delay taking a needed â2

agonist for several hours so that a “pretreatment” peak
flow can be recorded. In a recent study we found that
people who used a bronchodilator more than 2.2 times
a day were unable to delay its use for 4 hours before 31%
of scheduled peak flow measurements.20 Including these
potentially augmented peak flow values resulted in posi-
tive bias in the average morning peak flow and average
evening peak flow, but diurnal variability was affected in
an unpredictable way. It was increased or decreased on
any day depending on whether the morning peak flow
or evening peak flow, or both, were augmented by
bronchodilator use before the recording.21

This problem is less likely to occur after patients
begin long acting â2 agonist treatment (provided peak
flow is recorded consistently before this medication is
taken), as the frequency of use of short acting â2 agonist
drugs usually falls. Long acting â2 agonists themselves
increase evening and, to a greater extent, morning
peak flow,22 with a resulting reduction in peak flow
amplitude, and hence a reduction in diurnal variability.

Diurnal variability and exacerbations
Calculating diurnal variability in peak flow during exac-
erbations of asthma is included in two current
guidelines. The guidelines of the British Thoracic
Society recommend that diurnal variability should be
used to assess whether a patient admitted to hospital for
an exacerbation of asthma can be discharged home
safely. However, not all asthma exacerbations are associ-
ated with increased variability in peak flow. During
presumed viral asthma exacerbations in patients with
previously well controlled asthma, diurnal variability did
not increase despite an average fall in morning peak
flow of 27%.23 In these exacerbations, both daily peak
flow amplitude and mean peak flow fell, so that the ampli-
tude percentage mean was unchanged. Diurnal variabil-
ity may thus fail to detect important and sustained
changes in lung function, and cannot be recommended
for assessing the severity of asthma exacerbations.

Even in a less acute clinical situation, calculation of
diurnal variability may not reliably identify short term
reductions in peak expiratory flow because of the effect
of averaging over one or two weeks.24 The Global
Initiative for Asthma guidelines include diurnal
variability in a self management plan based on peak
flow measurement, but given the arithmetic complexity
of calculating diurnal variability, this hardly seems fea-
sible for the average patient.4

Other indices of variation in peak flow
Despite the problems with diurnal variability discussed
above, visual inspection of peak flow charts suggests that
peak flow variation over a period of days or weeks can
provide helpful information about the severity of
asthma and the response to treatment.25–27 This process
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Fig 2 A sample stylised cosinor distribution of peak flow with a
bathyphase (trough) of 300 l/min at 0400 and an acrophase (peak)
of 400 l/min at 1600. “True” diurnal variability (amplitude percentage
mean) is (400-300)×100/350=29%. Diurnal variability for peak flow
recorded at 0600 and 2000 is (375-305)×100/340=21%, while that
for peak flow recorded at 0600 and 2200 is (350-305)×100/328=14%
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of visual inspection has been validated for occupational
asthma,28 but requires considerable experience, and is
thus not appropriate for inclusion in asthma guidelines
for general clinical practice. Other measures of peak
flow variation such as the standard deviation or
coefficient of variation have been examined,24 but these
indices require computerised processing and are there-
fore not currently suitable for normal clinical practice.

Expressing the lowest peak expiratory flow (usually
on waking) over 1 or 2 weeks as a percentage of the
patient’s “personal best” measurement recorded on the
same peak flow meter (lowest % personal best), is an
alternative numerical estimate of variation in peak flow
that can be quickly calculated. The resulting peak flow
index is illustrated in figure 1. In a study of 46 adults with
a wide range of asthma control, the lowest % personal
best was 77.6% (range 46.9-97.8, 95% confidence limits
73.9 to 81.3).29 Preliminary evidence suggests that the
correlations between lowest % personal best and airway
hyperresponsiveness, symptoms, and bronchodilator
use are similar to those for other indices of peak flow
variation,27 29 and that lowest % personal best index
increases appropriately as asthma improves with
inhaled corticosteroid treatment.20 This index is not
noticeably affected by bronchodilator use20 or (provided
peak flow is recorded upon waking) by the time of
recording.18 In keeping with the recent recommendation
for once daily peak flow monitoring,2 the lowest %
personal best index can be based on a single daily peak
flow session performed upon waking, once the personal
best value has been established.30 It will be necessary to
determine the optimal criteria for establishing personal
best values, and we are currently undertaking such a
study. The lowest % personal best index corresponds to
the peak flow index used in many current asthma action
plans, in which the morning peak flow is compared with
peak flow “zones” calculated as a percentage of the
patient’s personal best peak flow measurement.31 32

Conclusions
In the absence of a “gold standard,” clinical practice
guidelines for assessing asthma severity and monitor-
ing asthma control usually include several measures
such as symptoms, lung function, and airway lability.
Airway lability is estimated by diurnal variability when
bronchial provocation testing is unavailable. These
clinical practice guidelines must be scientifically valid,
but the extent of their implementation, and hence their
effectiveness, also depends greatly on how simple and
straightforward they are in practice.33 Diurnal variabil-
ity seems to be deficient on both counts—its calculation
is subject to errors and is impractical clinically in that it
takes too long to calculate. We propose that asthma
guidelines on peak expiratory flow monitoring be
reviewed, and that a simpler measure such as the low-
est % personal best should be evaluated as an index of
peak flow lability in assessing asthma severity and
monitoring of asthma control.
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