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ABSTRACT:  Serial peak expiratory flow (PEF) assessment has been proposed in
the clinical evaluation of asthma.  In subjects attending the asthma clinic of a ter-
tiary care hospital, we wanted to assess: 1) compliance in performing PEF; and 2)
accuracy of a PEF-diary.

Twenty adult asthmatic subjects, all using inhaled steroids, were asked to assess
their PEF in the morning and evening with a VMX instrument (Clement Clarke
Int., Colombus, OH, USA).  This instrument, which incorporates a standard mini-
Wright peak flow meter, stores PEF data on a computer chip.  Subjects were not
informed that the values were being stored.

The mean duration of PEF monitoring was 89 days (range 44–131 days).  For
the total of 20 subjects, it was estimated that 3,482 values should have been writ-
ten down and stored on the VMX computer chip.  Whilst 1,897 values (54%) were
written down, only 1,533 (44%) were stored, 425 values being invented.  Morning
and evening values were stored on 34% of days; and values were stored at least
once a day on 55% of days.  The values written down corresponded precisely to
stored values 90% of the time, and were within ±20 L 94% of the time.

We conclude that: 1) compliance with daily peak expiratory flow assessments is
generally poor in chronic stable asthmatic subjects assessed on two visits separated
by a 3 month period; and 2) a substantial percentage of values (22%) is invented.

The unsatisfactory compliance with peak expiratory flow monitoring in this group
of asthmatics on inhaled steroids underlines the need for similar studies on peak
expiratory flow monitoring as part of an action treatment plan, and in more severe
and brittle asthmatics.
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Asthma is defined as a disease "characterized by an
increased responsiveness of the trachea and bronchi to
various stimuli and manifested by a widespread narrow-
ing of the airways that changes in severity either spon-
taneously or as a result of therapy" [1].  The asthmatic
subject has a fluctuating symptomatology as well as a
varying degree of obstruction (and/or hyperresponsive-
ness).  Spirometry, physical examination and peak expi-
ratory flow (PEF) measurements, and recorded diary of
PEF values or symptoms are currently the most widely
used means of assessment of this condition. Physical
examination by a trained physician is not superior to the
subject's own perception of symptoms with regards to
the degree of airways obstruction as determined by PEF
measurements [2].  The subject's perception of symptoms
does have its limits. RUBINFELD and PAINE [3] demon-
strated that airway resistance had to increase substan-
tially before symptoms appears, and that 15% of subjects
were unable to sense the presence of marked obstruc-
tion.  Several authors have also found that the presence

and intensity of symptoms in certain subjects did not satis-
factorily correlate with the degree of airway obstruction
[4, 5].

Serial PEF determination is currently considered a valu-
able tool for monitoring asthma and detecting exacerba-
tion, and it has been advocated in asthma management
plans [6, 7]. However, satisfactory data concerning its
advantages and inconveniences is lacking.  One advan-
tage is that this method of monitoring makes use of instru-
ments that are portable and inexpensive. PEF is also
easy to perform. However, monitoring is impeded in illite-
rate subjects. Compliance with and accuracy of readings
have not been evaluated.  In subjects investigated for
occupational asthma, it was found that approximately
50% of written values did not correspond with stored
values [8, 9].  It is unknown whether these results can be
extrapolated to subjects with chronic asthma for whom no
financial benefit, in terms of compensation, is expected.

We studied compliance with and accuracy of PEF moni-
toring in 20 asthmatic subjects.  Each subject was seen
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on two occasions, separated by approximately 3 months,
at the specialized asthma clinic of a tertiary care hospi-
tal.  Factors that can affect these variables were exami-
ned. Our hypothesis was that compliance would be
unsatisfactory, and would decrease proportionately as the
duration of monitoring increased.

Material and methods

Subjects

Twenty adult asthmatic subjects were consecutively
recruited by the two attending physicians at the asthma
clinic of a tertiary care hospital (JLM and AC).  Half of
the subjects were new referrals and the other half had
been attending the clinic regularly.  The subjects satis-
fied the criteria for asthma set forth by the American
Thoracic Society (ATS) [1], and all had required inhaled
steroids regularly during the 3 months or more preced-
ing the initial visit.  They underwent spirometry [10] and
skin-prick tests with a battery of 15 common inhalants.
All were in a clinically steady-state, defined as the absence
of nocturnal awakenings due to asthma and no abuse of
inhaled beta2-adrenergic agent.

Methods

Subjects were first informed of the importance of PEF
monitoring to the management of their asthmatic condi-
tion but without specific instructions on how to adjust
their treatment according to their values.  They were then
given a portable PEF instrument and shown how to assess
PEF in the morning upon awakening and at night before
going to bed. Subjects were told not to use any other
peak flow meter.  They were to report by writing in their
diary the date, indicating a.m. or p.m. and the value
obtained. They were told to bring their diary to the fol-
lowing visit and were given the date of this next appoint-
ment.

A VMX instrument (Clement Clark, Inc., Columbus,
OH, USA) was used, that consists of a standard mini-
Wright peak flow meter equipped with a computer chip
memory that can store up to 400 values.  The subjects
were taught how to use the instrument.  After setting the
marker at zero, they were to turn on the VMX and then
perform a maximal expiratory effort and repeat this
manoeuvre three times. The best PEF value obtained
appeared on a digital screen, and they were told to write
it down with the date and time of day (morning or evening)
at which it was recorded.  The signal generated by the stan-
dard mini-Wright peak flow meter is digitized, processed
and memorized by an on-board computer along with the
date and time.  The VMX computer chip records the best
of three values.  The absence of a blow cannot generate
a signal that could be wrongly stored.  The VMX has a
computer connection to transfer the data to a personal
computer.  At the end of each subject's study period, the
stored data for that subject were collected and analysed.

Unpublished data obtained in our laboratory in 48 sub-
jects with asthma and a wide range of PEF values (uni-
form PEF distribution ranging 150–700 L·min-1) showed
good reproducibility in PEF values assessed by: 1) the

standard mini-Wright peak flow meter and the VMX
stored value (r2 0.94; mean±SD difference = 5±32 L·min-1);
2) the standard mini-Wright peak flow meter and VMX
written values (r2 0.96; mean±SD difference = 3.3±26
L·min-1); and 3) the VMX stored and digitalized values
(r2 0.97; mean±SD difference = 1.5±24 L·min-1).

The protocol was accepted by a Local Ethics Commit-
tee, with the specification that subjects with poor com-
pliance should not be blamed.

Analysis of results

Compliance was defined as the subject's consistent
measurement of his/her PEF twice daily or at least once
a day, and the transcription of the values obtained in
the diary provided. This compliance was measurement
objectively by comparing the computer-stored value with
the diary-reported value. Three situations could arise:
1) a diary value that corresponded to the VMX stored
value with respect to the date, and the indication of a.m.
or p.m. was interpreted as an indication that the subject
had been "compliant"; 2) a diary value with no corres-
ponding VMX-stored value was considered to be an
invented value; and 3) a VMX-stored value without a
corresponding diary value was a failure in transcription.
The percentage of compliance was calculated from (num-
ber of stored values/expected number of values) × 100.

The accuracy of results was examined by comparing
the diary reported values with VMX stored values.  The
ratio: ((Highest PEF reading - lowest PEF reading)/mean
value) × 100 was used as a measure of the fluctuation
of asthma during study period. Reference values for
forced expiratory value in one second (FEV1) and PEF
were obtained from KNUDSON et al. [11].  The analysis
of the influence of variables (sex, age, duration of asth-
ma, baseline FEV1, socioeconomic status) on compli-
ance, was carried out by regression analysis and unpaired
t-test.  A p-value of less than 0.05 was considered sig-
nificant.

Results

Table 1 summarizes the baseline anthropometric, clini-
cal and functional results.  The majority of subjects were
atopic, and all but one had had asthma diagnosed at least
5 yrs previously.  All were using inhaled steroids.  The
mean duration of PEF assessment was close to 3 months.
Twelve subjects had significant bronchial obstruction
with a FEV1 value <80% predicted.  Nine of these also
had a significantly reduced FEV1/forced vital capacity
(FVC) ratio (<70% pred).  As shown in table 2, all but
two subjects had a variability in PEF within the 95%
confidence interval (95% CI) range that has been described
in asthmatic subjects [11].

For the total group of 20 subjects, it was estimated
that 3,482 values should have been written down in the
diaries, and the same number stored in the VMX com-
puter chips.  In fact, a total of 1,533 values (44%) were
stored in the VMX.  Twice daily assessment with cor-
responding stored data was found in 34% of the days.
Assessment occurred at least once a day for 55% of days.
PEF assessment was carried out on 49% of mornings
and 46% of evenings. Table 2 shows the individual
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Table 1.  –  Baseline anthropometric, clinical and functional results

Asthma                                           Assessment
Subj.              Age                duration  Medication‡ Smoking   Academic  duration    FEV1 FEV1/FVC        PEF
No.     Sex       yrs       Atopy# yrs      µg·day-1 history       level        days     % pred     %        L·min-1 % pred

1 M 39 + 6 400 ES Sec 85 72 56 563 109
2 F 48 + 29 2000 NS Sec 85 75 70 393 107
3 F 46 - 11 2000 ES Col-U 93 66 56 307 83
4 M 28 + 29 1000 S Col-U 105 82 65 531 98
5 F 23 + 9 600 S Col-U 69 91 88 412 111
6 F 25 + 20 200 NS Col-U 65 103 81 419 112
7 M 34 + 6 500 NS Col-U 56 74 67 542 90
8 M 27 + 13 1000 NS Sec 92 78 62 521 87
9 M 34 + 14 800 NS Sec 93 27 71 266 53

10 F 39 + 25 400 NS Col-U 104 100 79 446 117
11 F 49 - 10 400 NS Col-U 44 46 64 238 61
12 F 60 + 10 2000 NS Prim 64 57 69 274 81
13 M 51 + 1 800 ES Col-U 131 91 73 542 101
14 M 54 ND 15 1600 S UK 86 34 33 155 46
15 M 38 + 20 2000 ES Sec 93 76 75 308 53
16 F 29 + 24 800 NS Sec 94 90 89 433 109
17 F 45 + 10 1600 NS Sec 101 96 73 226 63
18 F 59 - 25 1000 ES Sec 90 68 65 250 76
19 M 49 + 5 1000 S Sec 105 72 58 562 110
20 F 21 + 15 400 NS Col-U 86 91 90 621 142

Mean 40 15 87 74 69 400 90
SD 12 8 20 21 13 136 25

#: Atopy, defined as at least one immediate skin reaction by the prick method to 15 common inhalants; ‡: Medication, beclometha-
sone daily dose; Subj.: subject; M: male; F: females; S: smoker; ES: ex-smoker; NS: nonsmoker; Prim: primary school; Sec: sec-
ondary level; Col-U: college-university level; UK: unknown; FEV1: forced expiratory volume in one second; FVC: forced vital
capacity; PEF: peak expiratory flow; % pred: percentage of predicted value; ND: not determined.  See text for source of reference
values for FEV1 and PEF.  Listed functional values are those obtained on entry.

Table 2.  –  Variability of and compliance with PEF monitoring

Subj.       Variability*          Compliance       Compliance         Invented values      Falsified values
No.               %                twice daily         once daily                 %                       %

1 85 20 95 0 4
2 101 40 64 8 1
3 56 9 29 0 0
4 40 19 49 39 18
5 29 80 81 0 27
6 29 5 23 0 0
7 29 95 100 0 4
8 52 1 12 0 0
9 77 84 90 0 4

10 38 35 66 4 8
11 64 95 100 0 0
12 93 88 100 5 3
13 44 7 26 0 0
14 87 16 40 6 17
15 48 4 12 79 45
16 25 4 24 73 0
17 131 30 51 19 0
18 121 82 100 0 1
19 19 3 19 13 0
20 37 6 22 0 0

Mean 60 36 55 12 7
SD 33 36 34 23 12

*: expressed as: (maximum value - minimum value)/mean value) × 100.  Compliance is expressed as the
percentage of values that were recorded at least twice daily (as requested) or at least once daily over the
number of stored values.  The invented values correspond to those values that were written down by the
subject but not recorded in the VMX apparatus; whereas, the falsified values were those for which the
written value did not correspond precisely to the stored value.  Subj.: subject; PEF: peak expiratory flow.
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results for compliance.  Only six subjects had a rate of
compliance with the twice daily assessment greater than
80%.  Only 10 subjects had a rate of compliance >50%
when the criterion was reduced to at least a once daily
value.  It was calculated that 1,897 values were reported
in the diaries.  It was found that 425 (22% or 425 out
of 1,897) diary-reported data had no corresponding VMX
stored value; these were considered to be invented val-
ues.  As shown in table 2, more than 25% of values were
invented in three subjects (Nos. 4, 15 and 16).  Those
subjects with the best compliance (>50%, n=6) were the
same subjects who tended not to invent data, whereas
those who were responsible for 93% of all invented data
had a poor compliance (<33%, n=5).  In two subjects
(Nos. 5 and 15), stored values did not correspond to writ-
ten values in more than 25% of instances, but, as a whole,
the correspondence between written and stored values,
when these were not invented, was very satisfactory.
Subjects were 94% accurate in the reporting of values
(within 20 L·min-1, such a difference being beyond the
accepted reproducibility of the test [12]).  Sixty one val-
ues among the stored data had no corresponding diary-
reported value; these were considered as a test failure in
transcribing the performed PEF.

Figure 1 illustrates the evolution of compliance over
time. The best compliance was obtained during the first
2 weeks, with a progressive diminution thereafter and an
increasing number of invented values.  Three patterns of
compliance could be determined: the subject with variable
compliance; the subject with good compliance through-
out the study period; and the rapidly poor complier
(fig. 2). The correspondence between stored and falsi-
fied values is illustrated in figure 3.  While the number
of stored values decreased with time, the number of
invented increased, peaked at the fourth week and then
diminished.

No significant correlation was found between compli-
ance (at least once a day) on the one hand and any of
the following: age (r=0.10), duration of asthma (r=0.09),
initial FEV1 (r=0.40) or PEF fluctuation (r=0.43).
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Fig. 1.  –  Evolution of compliance (at least twice daily) in all sub-
jects and by separating  "inventors" (the five subjects who invented
more than 10% of results, i.e. Nos. 5, 15, 16, 17 and 19 of table 2)
from those who were not inventors.  Values are presented as mean
and SEM.    ❍ : all subjects (n=20);    ❏ : inventors (n=5);    ●    :
noninventors.
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Fig. 2.  –  Examples of three patterns of compliance in three differ-
ent subjects: a) "variable compliance"; b) "good compliance"; and c)
"rapidly poor compliance".     ❍ : at least once daily;    ● : twice
daily.

Compliance did not different significantly between: males
(28±35%) and females (43±37%); college or university
academic level (37±38%); those with a primary or secon-
dary academic level (36±36%); those who were newly
referred to the clinic or had been seen at least once before.



Discussion

We found that compliance with instructions for self-
monitoring of PEF was low in asthmatic subjects who
were asked to assess their values over a 3 month period,
the explanation given to the patient being that this infor-
mation will be useful for assessing the severity of asthma
on their next appointment. This approach is similar to
the situation of a clinical or a pharmacological trial in
which the efficacy is usually assessed by a combination
of diary and serial PEF measurement. However, this
design is different from that which can be planned for
other clinical purposes, in which it can be hypothesized
that compliance would be improved:  1) firstly, in a situ-
ation of reinforcing the need for PEF monitoring and
giving instructions on an action treatment plan based on
PEF values;  2) secondly, asking subjects to record PEF
whenever they feel their symptoms increase, therefore
for short intervals instead of the close to 3 month period
used in this study; and 3) thirdly, in a situation in which
PEF monitoring is restricted to those subjects with large
fluctuations of PEF and/or frequent exacerbations of
asthma and/or "poor sensors" of symptoms.  All these situ-
ations would warrant separate trials to assess compliance
with PEF monitoring.

As expected, compliance tended to decrease with time.
Whilst it was close to a mean value of 60% in the first
week, it dropped to 40% after 1 month, and soon after-
wards reached a plateau at approximately 35%.  This
suggests that even a study with a monitoring period of
only 1 or 2 weeks would be hampered by unsatisfactory
compliance, although this warrants confirmation in a
separate study design in which subjects are asked to
record their breathing for only 2 weeks.

When relying on clinical intuition, physicians gener-
ally overestimate the degree to which their patients
comply with their directives, and often fail to recognize
the noncompliant patient [13].  The reason why an asth-
matic patient does not adhere to a physician's prescrip-
tion is complex [14]. The doctor-patient relationship,
the patient's interest in and understanding of his/her ill-
ness, and the complexity of the prescription may all influ-
ence compliance [15].  Asthma is a chronic disease that

sometimes shows periods of remission, or even asymp-
tomatic obstruction.  It might be compared to diabetes
or hypertension, where the problem of perception and
reporting of symptoms certainly influences the patient's
adherence to medication and to self-surveillance of dis-
ease activity.  The chronicity of the disease might have
a negative impact on adherence.  However, in this respect,
our study did not demonstrate any significant relation-
ship between compliance and duration or indices of seve-
rity of asthma (FEV1, fluctuations in PEF).

Compliance with asthma diaries and PEF monitoring
is only one aspect of the general adherence to asthma
management [14, 15]. Comparing asthmatic patients' self-
reports of inhaler use with the objective adherence data
collected by an electronic medication monitoring device
demonstrated that the reports of up to 50% of patients'
might be inaccurate, with the diaries overreporting the
actual use of the medication [16]. Other studies have
also shown that the compliance evaluation with self-
report or pill-counting overestimates adherence to medi-
cation regimen when compared to electronic monitoring
of medication usage [17].  In studies which assessed com-
pliance with inhaled steroids, compliance was found to
be even poorer than that which we assessed with PEF.
Underuse of flunisolide with a prescribed regimen of 8
puffs·day-1 was found in 69% of days in the report by
MANN et al. [18]. Only 14% of patients took the correct
dose of budesonide morning and evening for more than
80% of days in the study by BOSLEY et al. [19].

There is very little information on compliance with
PEF monitoring in asthma. REEDER et al. [20] reported
on 39 patients who monitored their PEF with two mea-
surements taken in the morning 30 min after awakening
over a 3 month period.  The study protocol reinforced
participation by phone call every 2 weeks.  The authors
reported that 40% of their initially recruited subjects had
to be dropped from data analysis due to poor adherence
to the self-monitoring required for their study. The
authors did not have the means, however, to assess com-
pliance blindly as we did in the present study. More
recently, JONES et al. [21] evaluated the validity of PEF-
based asthma self-management.  Only approximately half
of the patients included in the self-management group
completed the monitoring over a 6 month period; the
authors found no advantages in terms of control of asth-
ma, quality of life and prescribing costs in the group of
subjects who assessed their PEF.  Compliance with PEF
was assessed in two recent studies carried out in sub-
jects suspected of having occupational asthma.  Both
studies used an electronic device similar to that used in
the present study and concluded that compliance and
accuracy of reported values were poor (~50%); a sub-
stantial proportion (~20% of values were invented [8, 9].
These figures are close to the findings of the present
study.

In the field of patient psychology, because the acqui-
sition of objective data is difficult to obtain, it is inter-
esting to study single-blindedly patients' behaviour in
adhering to a medical recommendation.  It was clear to
us, both from a clinical and ethical standpoint, that the
objective information would not be used against these
patients.  Nevertheless, this study demonstrates three pat-
terns of compliance into which patients could fit: sub-
jects with variable compliance (n=7); subjects with good
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Fig 3.  –  Correspondence between stored and falsified values.  ❍ :
stored values;    ● : falsified values (% of stored values).



compliance throughout the study (n=6); and the rapidly
poor complier (n=7). It would be interesting to see if
these patterns are reproducible or if other patterns could
be revealed depending on the type of recommendation
asked. 

It can be argued that not all asthmatic subjects should
record their PEF, and this position has its proponents
[21].  We selected subjects who required inhaled steroids
to control their asthma.  A category of patients for whom
PEF monitoring would be justified is those who are "poor
sensors" of their symptoms. Up to 60% of asthmatic
subjects treated in general practice were identified as
poor discriminators from a visual analogue asthma score
scale and simultaneous peak flow measurements [22].
This phenomenon of poor perception is particularly rele-
vant in subjects who may have a predisposition to fatal
asthma due to reduced chemosensitivity to hypoxia and
blunted perception of dyspnoea [23].  It would be inter-
esting to know whether these subjects would show good
compliance. 

To summarize, we showed that compliance with peak
expiratory flow monitoring is often unsatisfactory in asth-
matic subjects using inhaled steroids who are asked to
record their values for a 3 month period in order to pro-
vide information to the physician on the severity of
asthma. In this situation, a substantial number of val-
ues were invented and it is unlikely that peak expiratory
flow monitoring would represent a satisfactory means for
monitoring asthma on a chronic basis, such as in clini-
cal or drug trials.  Compliance with peak expiratory flow
monitoring would also need to be assessed in other cir-
cumstances: 1) as used in an action plan; 2) on an as-
needed basis, i.e. only if subjects feel their symptoms
increase; and 3) in more severe and brittle asthmatics.
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