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ABSTRACT:  Peak expiratory flow (PEF) measurements are increasingly recom-
mended in childhood asthma management.  However, few data are available on the
temporal relationship between the onset of upper and lower respiratory tract symp-
toms and significant falls in PEF.  We wanted to determine whether falls in PEF
constitute a sensitive marker for clinical episodes of respiratory morbidity. 

We therefore analysed data on daily PEF and respiratory symptom recording
from a 12 month longitudinal study in 192 children aged 7 and 8 yrs with current
respiratory symptoms.   Outcome measures were number of and relationship between:
1) episodes of fall in PEF (defined as a fall in PEF for more than 2 days to <1.5 SD

below individual mean morning PEF); and 2) upper and lower respiratory tract
symptom events (defined as a respiratory symptom score of >3 units within three
consecutive days).

One hundred and eighty six of the 192 children completed the study.  For the
group as a whole, the mean number of PEF episodes per subject was 3.5, and the
mean number of symptom events 8.9, with 29% of symptom events being tempo-
rally associated with a PEF episode, and 40% of PEF episodes not being accom-
panied by a symptom event.  Forty nine percent of PEF episodes were preceded by
at least two consecutive days of either upper or lower respiratory symptoms. 

We conclude that falls in PEF alone were not a sensitive marker for episodes of
respiratory morbidity.  On almost half of the occasions where PEF did fall, mor-
bidity could have been detected at least 2 days earlier using symptom reporting.  A
combination of PEF measurement and symptom reporting should be used to iden-
tify exacerbations of asthma morbidity in children.
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The prevalence of asthma, a disease which is charac-
terized by a spectrum of symptom complexes, including
both cough and wheeze, is rising in all age groups, and
there is increasing evidence to show that childhood asth-
ma is associated with a greater incidence of chronic
obstructive airways disease in later life [1].  Whilst there
are no data yet available on whether optimal manage-
ment in early life using a combination of environmental
and pharmacological means improves the long-term prog-
nosis of asthma, many physicians are recommending that
their patients attempt to use a peak flow meter regular-
ly in order to obtain an objective measure of the sever-
ity of airflow obstruction, and that they base the level of
treatment they administer on the peak expiratory flow
(PEF) recordings [2–5].  The clinical diagnosis of asth-
ma and its ongoing management using patient action
plans also rely heavily upon the use of PEF measure-
ments.  However, few data are available on the tempo-
ral relationship between the onset both of upper and lower
respiratory symptoms and a significant fall in PEF.  Our

clinical impression is, however, that symptoms freq-
uently precede a fall in PEF which is of a magnitude
large enough to be recognized and acted upon, particu-
larly in children, in whom the most important exacer-
bating factor for lower respiratory tract symptoms is upper
respiratory tract infection (URTI) [6].

In this study, unique data from a longitudinal study
performed in Southampton, UK, have been used to inves-
tigate the temporal associations between respiratory
symptoms and falls in PEF, and to examine the sensi-
tivity of PEF in predicting lower respiratory symptoms.

Methods

Longitudinal data collection 

A postal questionnaire enquiring into the presence of
respiratory symptoms was sent to 3,698 children aged 7



and 8 yrs, randomly selected, in that these children con-
stituted all those born between 1.7.78 and 30.6.80 on the
practice lists of 86 local general practitioners.  Those
reporting either current (past 12 months) cough or wheeze
were further randomized, and a sample invited to attend
for skin-prick testing.  Atopy was defined as the devel-
opment of a skin wheal of at least 2 mm to one or more
of the three common allergens used.  These were Derma-
tophagoides pteronyssinus, cat fur and mixed grass pol-
lens.  A total of 192 symptomatic children, half of whom
were atopic and half nonatopic, were randomly selected
to enter the longitudinal study.  Half of the children had
suffered from wheeze during the last 12 months, and
many of these also experienced the symptom of cough.
The remaining children had never wheezed, but experi-
enced chronic troublesome cough, often in association
with URTI.  Thus, the population consisted of 48 chil-
dren with atopy and wheeze, 48 with atopy and cough,
48 nonatopic children with wheeze, and 48 nonatopic
children with cough.  At the commencement of the study,
77 of the group had received a diagnostic label of asth-
ma from their general practitioner, 31 were receiving
anti-asthma prophylaxis, and 74 inhaled beta2-adreno-
receptor agonists.  Details of the longitudinal study have
been published previously [7–9].

During the 12 month longitudinal study, all children
performed and recorded the best of three PEF manoeu-
vres morning and evening, using a Vitalograph peak flow
meter (Vitalograph, Buckingham, UK).  The majority of
children used a standard adult instrument, but a few
required the low-flow version as personal maximum PEF
was below 250 L·min-1.  The children were instructed in
the use of the meters at the start of the study, and their
technique was checked monthly.  The children, with the
help of their parents, also recorded a daily respiratory
symptom score, consisting of four questions relating to
the upper and six to the lower respiratory tract (table 1).
The symptoms were graded 0 for none, 1 for mild, 2 for
moderate and 3 for severe.  Each child was seen monthly
at a special clinic, and during this visit the symptom

score cards and PEF recordings were carefully checked.
The height of each child was measured at the beginning
and end of the 12 month study period.  The study was
intended to be non-interventional.   However if, at a
monthly visit, it was obvious that a subject was receiv-
ing too little or inappropriate therapy, the relevant gen-
eral practitioner was contacted and advice regarding
treatment given.

Data analysis 

All data were transferred to the University of Southamp-
ton mainframe computer, and were then checked against
the original data source.  All data were entered twice
and checked for accuracy.  It was necessary to correct
all values of PEF for growth, as the average (50th cen-
tile) annual growth velocity for girls and boys aged 7–9
years is 5.5 cm, and the use of uncorrected values would
have introduced progressively larger errors throughout
the course of the study period.  Growth, calculated as
the difference between height at the start and that at the
end of the study, was assumed to be linear.  All values
of PEF were adjusted for starting height by correcting
according to growth.  Several analyses of PEF and symp-
tom score data have been performed and reported pre-
viously [7–9].

For the purposes of this analysis, it was necessary to
define and identify significant periods of fall in PEF and
symptoms.  An "episode" of low PEF was defined as a
fall in PEF to less than 1.5 standard deviation (SD) below
individual patient mean lasting more than 2 days, and
followed by 2 days where PEF had recovered to above
1.5 SD below patient mean (fig. 1).  In an analysis such
as this, an arbitrary PEF drop considered to be clinically
significant has to be chosen.  The level of fall in PEF
which was employed took into account the wide range
of day-to-day variation in PEF found in this heteroge-
neous population [10], and took full advantage of the
very detailed information available on each child.  It con-
stituted a more rigorous index than the use of a univer-
sal cut-off, such as a fall to less than 80% of personal
best PEF.  In earlier stages of this study [9], our defin-
ition of an episode was tested by repeating all PEF data
analyses with differing multiples of SD of individual
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Table 1.  –  Questions from the symptom score card used
in the longitudinal study

If you were not completely well during the last 24 hours, please
grade each of the following using this scoring system:

0 if none
1 if mild
2 if moderate
3 if severe

Lower respiratory tract
Cough during the day
Cough during the night
Wheeze during the day
Wheeze during the night
Difficulty in breathing/shortness of breath
Exercise or sport caused problems with breathing

Upper respiratory tract
Fever
Runny nose
Sore throat
Itchy or watery eyes

Start End

Mean

-1.5 SD

Fig. 1.  –  Definition of a peak expiratory flow (PEF) episode: at least
two consecutive morning readings of PEF less than 1.5 standard devi-
ations below individual mean, followed by two above 1.5 standard
deviations below the mean.



means, and was found to be robust.  Analysis of the fre-
quency, magnitude and duration of these episodes is pub-
lished elsewhere [9].

A "symptom event" was defined as a period during
which lower respiratory symptoms equalled at least three
symptom units over not more than three consecutive days,
one unit being a score of 1 for one day, followed by a
minimum of two symptom-free days.  At its minimum,
a symptom event could, therefore, constitute: 1) a lower
respiratory symptom score of three for one day; 2) a
score of one for three consecutive days; or 3) a score
totalling three over two consecutive days.  This defini-
tion was chosen in the light of the group mean daily
symptom score on days on which subjects experienced
symptoms, which was 2.50, and on the scoring system
used (table 1).

For each child, we calculated the number of PEF
episodes, the number of symptom events, the number of
episodes which were temporally associated with an event
(at least one day of a symptom event belonging to a PEF
episode), and the number of PEF episodes which were
preceded by upper or lower respiratory symptoms for
two consecutive days, whether or not these symptoms
constituted part of a symptom event.

Based on the assertion that lower respiratory tract symp-
toms are the fundamental marker for exacerbations of
airflow obstruction, asthma being a clinical syndrome,
we calculated the proportion of events which were accom-
panied by a PEF episode (number of symptom events
accompanied by a PEF episode/number of symptom

events), and the proportion of episodes of fall in PEF
during which no symptom event occurred, started, or fin-
ished (number of PEF episodes minus number of PEF
episodes accompanied by a symptom event/number of
PEF episodes).  All parameters were calculated for each
individual, and the results for the group as a whole were
expressed as the mean, and the median and interquartile
ranges stated. All analyses were repeated for each symp-
tom/atopy group and for cough, wheeze, atopy and
nonatopy separately.  The Mann-Whitney test was used
for comparisons between two groups, and the Kruskal-
Wallis test to compare the four subgroups.

Results

One hundred and eighty three of the 192 children com-
pleted the longitudinal study.  There were sufficient data
on a further three children to allow analysis in the pre-
sent study.

The mean number of PEF episodes experienced by
each child was 3.5, median 4, interquartile (IQ) range
2.0–5.0.  Seven children experienced no PEF episodes:
one nonatopic with cough, one nonatopic with wheeze,
and five atopic with wheeze.  These children did not
demonstrate a greater coefficient of variation of PEF
when compared to the rest of the group (16.8 versus
13.7%; p=0.18; 95% confidence interval (95% CI) -
1.7–8.6).  The mean number of symptom events was 8.9,
median 7, IQ range 4.0–12.0.  Two children experienced
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Table 2.  –  PEF episodes and symptom events by symptom-atopy group

Atopic + wheeze Atopic + cough Nonatopic + wheeze Nonatopic + cough

Mean Median IQR Mean Median IQR Mean Median IQR Mean Median IQR

No. of PEF episodes   3.3 3.0 2.0–5.0 3.8 4.0 3.0–5.0 3.0 3.0 1.0–4.0 3.7 3.5 2.8–5.0
No. of symptom events 11.9 10.0 6.0–15.3 8.1 7.0 4.0–10.0 8.4 6.0 4.0–10.0 7.3 7.0 4.0–9.3
Episodes preceded by URTS  % 31 25 0–50 39 33 0–67 32 25 0–50 34 32 0–60
Episodes preceded by LRTS  % 34 25 0–60 38 33 0–67 29 25 0–50 40 40 0–67
Symptom events accompaned % 23 14 3–33 34 36 14–45 23 14 0–33 38 30 20–56
by PEF episodes 

Proportion of PEF episodes % 36 23 0–75 42 37 0–75 49 50 0–86 34 29 0–62
not accompanied by a symptom event

PEF: peak expiratory flow; URTS: upper respiratory tract symptoms; LRTS: lower respiratory tract symptoms; IPQ: interquartile
range.

Table 3.  –  PEF episodes and syptom events by symptom type and atopic status

Atopic  Nonatopic Wheeze Cough

Mean Median IQR Mean Median IQR Mean Median IQR Mean Median IQR

No. of PEF episodes 3.6 4.0 2.0–5.0 3.4 3.0 2.0–5.0 3.2 3.0 2.0–4.5 3.8 4.0 3.0–5.0
No. of symptom events 10.0 8.0 5.0–14.0 7.9 7.0 4.0–9.5 10.2 8.0 5.0–13.0 7.7 7.0 4.0–10.0
Episodes preceded by URTS  % 35 25 0–59 33 25 0–50 32 25 0–50 36 33 0–64
Episodes preceded by LRTS  % 36 25 0–60 35 33 0–50 31 25 0–50 39 40 0–67
Proportion of symptom events % 28 22 8–40 30 25 9–50 23 14 0–33 36 33 17–50
accompanied by PEF episodes
Proportion of PEF episodes % 39 33 0–75 42 33 0–75 43 50 0–78 38 33 0–67
not accompanied by a symptom event

For abbreviations see legend to table 2.



no symptom events;  both were nonatopic with wheeze.
No child experienced neither PEF episodes nor symp-
tom events.

For the group as a whole, the mean proportion of symp-
tom events accompanied by a PEF episode was 29%,
and the mean proportion of PEF episodes which were
not temporally associated with a symptom event was
40%.  Almost half (49%) of all PEF episodes were pre-
ceded by either upper or lower respiratory tract symp-
toms on the preceding two days; 34% by upper tract
symptoms, and 35% by lower tract symptoms.

Results for each symptom-atopy group are shown in
table 2.  Children having both atopy and wheeze expe-
rienced a significantly greater number of symptom events
than children in any other group (p<0.05).  Analysing
the data by symptom type and atopic status separately
(table 3), cough was associated with an increased num-
ber of PEF episodes (cough 3.8, wheeze 3.2; p<0.05;
95% CI 0–1.0), whereas atopy was associated with an
increased number of symptom events (atopy 10.0, non-
atopy 7.9; p<0.05; 95% CI -3–0). Regardless of atopic
status, cough was associated with an increased likelihood
of symptom events being accompanied by PEF episodes
(cough 36%, wheeze 23%; p=0.0001; 95%; CI 7.0–20).
However, the differences between groups were rela-
tively small, and reliance on PEF would have lead to
substantial underreporting of respiratory morbidity in all
subgroups.

Discussion 

We have shown that, in this population of sympto-
matic children, respiratory symptoms are more common
than episodes of fall in PEF.  Fewer than one third of
symptomatic events in the cohort studied were accom-
panied by falls in PEF.  Measurement of PEF was, there-
fore, a less sensitive indicator than symptom reporting
in the assessment of respiratory morbidity.  It is often
supposed that regular monitoring of PEF can provide
early warning of an attack, but, even when using a rel-
atively sensitive index for fall in PEF, we found that
almost one half of PEF episodes were preceded by two
or more days of upper and/or lower respiratory tract
symptoms, demonstrating that symptoms themselves are
actually the first manifestation of the exacerbation of air-
flow obstruction.  It is generally accepted that symptoms
are considerably under-reported, but if that was so in this
study, the true temporal discrepancy between the onset
of symptoms and the decrease in PEF would be even
greater than presented here.

In addition, despite symptom events being twice as
frequent as PEF episodes, over 40% of PEF episodes
were not associated with the recording of respiratory
symptoms.  As only relatively mild symptoms were nec-
essary before an event was registered, it is unlikely that
this was due to an over-rigorous definition.  The expla-
nation may be that these children appreciably under-
report symptoms, a common problem in asthma, or that
PEF recording and symptom reporting evaluate different

aspects of airways disease which do not always concur.
Symptom events were more common in children hav-

ing both atopy and wheeze.  This finding is in agree-
ment with our clinical impression that this was the group
with the most severe disease, and this was also the group
which had demonstrated more severe morbidity in pre-
vious analyses [7–9].

This population of children was chosen in order to rep-
resent the full spectrum of severity of reversible airways
disease.  Although all were currently symptomatic, only
77 had been given a definitive diagnosis of asthma by
their general practitioners, a finding which supports the
opinion that asthma is still underdiagnosed [5].  We feel
that this group was, therefore, representative of the pop-
ulation of children who might be asked to use PEF meters
in general practice, and as these children were selected
on a random basis from a population base [7], certain
generalizations can be made to a wider population of
children with asthma.

In children with more severe or unstable asthma, the
day-to-day variability of PEF will be greater, and, using
the type of analysis described in this study, will be less
likely to demonstrate episodes of low PEF than children
with mild or stable asthma.  PEF as an indicator of air-
flow obstruction will, therefore, be less sensitive.  However,
there were only seven subjects who experienced no PEF
episodes, and comparison of coefficient of variation of
PEF in these subjects and the rest of the group demon-
strated no significant difference.  This analysis was repeat-
ed for those children demonstrating less than two PEF
episodes (total 31), and again, no significant difference
was found.  Hence, the children with few PEF episodes
were not those with the greatest PEF variability.

In onerous longitudinal studies such as this, children
might be tempted to falsify their PEF records to cover-
up a failure to comply.  However, by maintaining fort-
nightly contact with the families, and by careful scrutiny
and plotting of the data as it was collected, we were able
both to keep enthusiasm for the study high and to iden-
tify problems with data collection as they occurred.  In
clinical practice, however, it is impossible to review
patients this frequently, and falsification of records, in
conjunction with deliberate production of falsely high
("spitting") or falsely low (peak flow "faking", a form
of Munchausen's syndrome) can result, and lead to the
prescription of inappropriate levels of treatment.

There are several theoretical advantages to the use of
PEF over that of symptom reporting in children for the
purpose of determining the severity of asthma and, there-
by, the appropriate level of treatment.  Symptoms may
be atypical, and PEF monitoring may be helpful in mak-
ing a diagnosis of reversible airflow obstruction.  The
perception of symptoms and the degree of airflow obstruc-
tion can be poor in the asthmatic [11].  Also, in child-
hood, it is generally the parent who administers treatment,
and symptom reporting to the parent by the child is often
less than perfect.  PEF recording carries the advantage
of being objective rather than subjective, and is gener-
ally given more emphasis than symptom reporting in the
design of patient self-management plans.  However, if
PEF is to be used as part of a such a plan, an arbitrary
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level of fall on which to act has to be nominated, and
as asthmatics are known to have increased within day
and day-to-day variation in PEF, the critical degree of
fall in PEF which is to be regarded as significant in any
one individual is difficult to identify.  Indeed, this could
only be done in this study retrospectively, using height-
corrected PEF data collected over a period of one year.
Therefore, we suggest the use of symptom exacerbations
rather than falls in PEF as an indicator of the need for
increased treatment in self-management plans.  Although
this practice might lead to a larger number of treatment
interventions, symptom events being more frequent than
PEF episodes, the intervention would, in the first instance,
constitute an increase in inhaled therapy rather than treat-
ment with oral corticosteroids, and thus the implications
of this with regard to undesirable side-effects would be
minimal.  The major problem in the community is under-
treatment rather than overtreatment, and reliance on PEF
recording could result in many clinically significant
episodes of airflow obstruction remaining untreated.

In the UK, peak flow meters are now prescribable.  If
every asthmatic member of the population received their
own instrument, the cost to the Health Service would be
approximately £35,000,000.  Whilst there is no doubt
that PEF monitoring can provide valuable diagnostic
information, and in certain selected patients can be the
best measure of treatment requirements, symptom report-
ing is cheaper, easier, and focuses attention on what the
patient is experiencing rather than on a numerical value.
We should not allow the current vogue for PEF moni-
toring to encourage us to ignore the reporting of symp-
toms, a mode of monitoring which is available in all age
groups and which, if recorded prospectively, can provide
early and accurate recognition of respiratory morbidity
and the need for adjustments in treatment.
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