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Interpretation of the variability of peak flow rates in
chronic bronchitis
E H RAMSDALE, M M MORRIS, F E HARGREAVE
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ABSTRACT Increased diurnal variation of expiratory flow rates has been documented in patients
with chronic bronchitis, but this could be secondary to the disease process of bronchitis rather than
an associated disease-namely, asthma. Peak expiratory flow was measured twice daily before and
after inhalation of 200 jig salbutamol in 34 subjects with chronic bronchitis. The FEV1 ranged from
38% to 121% predicted. Diurnal variation (expressed as highest-lowest/highest (%)) was
increased in 18 subjects, all but three of whom had airflow obstruction and an increase in meth-
acholine airway responsiveness. There was only a weak correlation between diurnal variation and
airway responsiveness (r = - 0 54) or the severity of the airflow obstruction. This finding, together
with the occurrence of an increase in diurnal variation without an increase in methacholine airway
responsiveness in three subjects, suggests that the increased diurnal variation in chronic bronchitis
may have a different underlying mechanism from that in asthma.

An increased diurnal variability of peak expiratory
flow (PEF) has been documented in patients with
chronic bronchitis and airflow obstruction,1 3 but it
is not clear whether this is due to associated asthma or
is secondary to other factors, such as expectoration of
sputum4 or magnification of normal variability due to
the small diameter of the airways (Poiseuille's law).5
Interpretation of this increased variability is compli-
cated by semantics, because asthma is defined func-
tionally as "variable airflow obstruction."6 This
definition, however, does not take into account the
underlying pathology. In different diseases the events
initiating the variability of airway narrowing may be
different, even though the end result could be similar
variability in airflow.

Recent studies have shown that mediator release
occurs in asthmatic subjects in response to stimuli
such as exercise79 or isocapnic hyperventilation of
cold air,8 and increased "releasability" of mediator
containing cells may be a fundamental abnormality in
asthma.9 - l Bronchoconstriction in response to exer-
cise or isocapnic hyperventilation therefore is likely to
indicate the presence of asthma, although the absence
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of bronchoconstriction cannot exclude the disease
with certainty. In keeping with this hypothesis, we
have reported that most patients with chronic bron-
chitis did not develop bronchoconstriction after iso-
capnic hyperventilation of cold air,12 unlike
asthmatic patients with a similar level of airflow ob-
struction at the time of the test.'3 We considered that
an appreciable degree of asthma was unlikely to be
present in subjects with chronic bronchitis and airflow
obstruction if bronchoconstriction did not occur in
response to hyperventilation.
We have therefore investigated diurnal variability

of peak flow in subjects with chronic bronchitis, who
were not considered to have clinical asthma and who
did not develop bronchoconstriction in response to
isocapnic hyperventilation. We included subjects with
airflow obstruction ranging from mild to severe and
some with no obstruction, in order to try to
differentiate between effects caused by chronic bron-
chitis itself and those due to irreversible obstruction.
We used a standardised method,'4 and compared the
variability with methacholine responsiveness because
in asthmatic subjects the greater the increase in meth-
acholine responsiveness the greater the diurnal vari-
ability.

Methods

SUBJECTS
The 34 subjects we describe in this paper were chosen
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from 43 we studied with a history of cigarette smok-
ing and chronic bronchitis.6 All had had cough and
sputum for three months for two consecutive years.
None was considered to have asthma by the attending
physician. Twenty seven were recruited from the Fire-
stone Regional Chest and Allergy Unit at St Joseph's
Hospital, and were selected by availability and will-
ingness to enter the study. They were described in
detail in a previous paper on bronchial responsiveness
in chronic bronchitis.12 Sixteen additional subjects
were recruited through a newspaper article seeking
people who had smoked for more than 10 years and
who had a smoker's cough. We excluded six of the
original 27 from the present analysis because of
findings during the study that were thought to be con-
sistent with a possible diagnosis of asthma (three de-
veloped bronchoconstriction in response to
hyperventilation of cold air, one had sputum eo-
sinophilia, and two had improved spirometric per-
formance by more than 15% with prednisone
treatment), and one subject was unable to keep peak
flow records. Two of the 16 additional subjects
were excluded because they were found to develop
bronchoconstriction in response to cold air challenge.
Of the 34 remaining subjects, all but two had current
cough and sputum, 28 were smokers, six were ex-
smokers, and none developed bronchoconstriction in
response to hyperventilation of cold air. In eight sub-
jects the FEV1 was less than 60% predicted; of these,
five had no response to prednisone treatment, there
was a medical contraindication to its use in one, and
one had been taking prednisone since a hospital ad-
mission. The eighth was a volunteer to whom we
could not give prednisone. All subjects gave written
consent, and the study was approved by the hospital
research committee.

STUDY DESIGN
The subjects attended the laboratory on three study
days for the initial study, as described previously. 12 A
methacholine inhalation test,15 isocapnic hyper-
ventilation of cold air,'6 and spirometric tests before
and after inhalation of salbutamol 200 g were per-
formed on separate days. Prick skin tests with 16
common allergens were documented, blood was col-
lected for a total eosinophil count, and morning spu-
tum was examined for eosinophils.
When the initial study had been completed, the

subjects measured PEF at home twice daily for one
week, using a mini Wright peak flow meter. They
recorded the best of three blows before and 15
minutes after inhaling salbutamol 200 Mg on awaken-
ing and in the afternoon between 1600 and 1800
hours.'4 The salbutamol was taken by the subjects
from a metered dose inhaler by the open mouth tech-
nique. 7
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ANALYSIS
The subjects were divided into two groups. Seventeen
subjects had no features which could be considered to
be associated with asthma (group 1). The remaining
17 subjects (group 2) had some features that might be
found in association with asthma, but all are non-
specific and are often found in non-asthmatic sub-
jects: 10 subjects had positive skin test reactions to
one or more common allergens, four showed an im-
provement in FEV, by more than 15% after sal-
butamol, in two subjects the blood eosinophil count
was slightly raised (400-500 x 109/l) but without
sputum eosinophilia, and one individual was taking
prednisone following a hospital admission with pul-
monary heart disease.
The diurnal variation of peak flow was calculated

from the mean difference between the lowest
(presalbutamol) and the highest (postsalbutamol),
expressed as a percentage of the highest.

Linear regression analysis was used to investigate
relationships between diurnal variation and
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Fig I Diurnal variation (% maximum) in 34 subjects with
chronic bronchitis. *-group 1; 0-group 2 (for definition
ofgroups see under "Analysis"). The dotted line represents
the upper boundary of the 95% confidence interval about the
mean ofnon-asthmatic subjects. 4 PFR-peak expiratory
flow.
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Interpretation ofthe variability ofpeakflow rates in chronic bronchitis
Summary of the subjects' characteristics and results

Group l* Group 2*
(mean (SD)) (mean (SD))

Number 17 17
Male 9 9
Age (y) 53-2 (12 3) 50-5 (12-4)
FEV1 (1) 2-31 (0 88) 2 45 (1-08)
FEV, (% predicted) 80-8 (24-0) 82-0 (29-7)
FEV,/VC (%) 67-6 (15.3) 64-4 (16 7)
% increase in FEV after salbutamol 6-4 (5-5) 10-9 (15 9)
Diurnal variation (%/o max) 15-0 (9-9) 12 3 (9 2)
PC20 (mg/ml) 5 76 (0 14 - > 64)t 4 09 (0-06 - > 64)t

*See under "Analysis" for description of groups.
tMean (range).
VC-vital capacity; PC20-provocative concentration of methacholine producing a 20% fall in FEV1.
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Fig 2 Relationship between diurnal variation (% maximum) and bronchial responsiveness to
methacholine (PC20 mg/ml-provocative concentration producing a 20% fall in FEV1). Symbols
as in fig 1. The solid line is the regression line; r = -054, p <0 01. PFR-peak expiratoryflow.

methacholine responsiveness or airflow obstruction.
Logarithmic transformation was used for all calcu-
lations of PC20 (the provocative concentration of
methacholine that reduced FEV1 by 20%).

Results

The variability of PEF was considered to be increased
in 10 subjects in whom there were no features of
asthma (group 1) and eight subjects in group 2 (fig 1).
There were no differences in variability of PEF, air-
way responsiveness to methacholine, or severity of
airflow obstruction between the two groups (table).
The variability was related to bronchial

responsiveness to methacholine and to severity of
airflow obstruction to investigate the likely

mechanism of its increase. Although there was a
correlation between variability of PEF and airway
responsiveness to methacholine (PC20), the relation-
ship was not close (r = -0 54, p < 0 01, fig 2). Three
subjects (two in group 1) had an increased variability
of PEF despite normal airway responsiveness to
methacholine. By contrast, nine subjects showed
normal variability of PEF, but had an increase in
methacholine responsiveness; seven of these, how-
ever, had only a borderline increase in responsiveness,
with values ofPC20 of 8-16 mg/ml. There was a weak
correlation between variability ofPEF and severity of
airflow obstruction when this was expressed as
FEV1/VC (r = -0A44, p <0 05; fig 3) but not when
it was expressed as FEV1 (% predicted) (r = -0-24,
p > 0 1) (fig4).
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Fig 3 Relationship between diurnal variation (% maximum) and the severity ofairflow
obstruction (FEV1/VC%). Symbols asfigure 1. The solid line is the regression line; r = -0 44,
p < 0 05. PFR-peak expiratoryflow.
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Fig 4 Relationship between diurnal variation (% maximum) and FEV, (%predicted). Symbols
as in;figure 1. PFR-peak expiratoryflow.
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Interpretation of the variability ofpeakflow rates in chronic bronchitis

Discussion

This study has confirmed that increased variability of
PEF occurs in many patients with chronic bronchitis
and no other evidence of asthma. Although we found
that there was a relationship between the increased
variability of PEF and airway responsiveness to
methacholine, unlike in asthmatic subjects14 the cor-
relation was not strong. In addition, there was only a
weak inverse correlation between variability of PEF
and the severity of airflow obstruction if this was
expressed as FEV1/VC(%), and no significant
relationship when expressed as FEV1 % predicted.
We believe that these findings are in keeping with the
hypothesis that the mechanisms of the increase in
variability are different in chronic bronchitis and in
asthma, and that airflow obstruction does not
account for the increased variability. Hence an
increase in variability of PEF is not necessarily diag-
nostic of asthma if chronic bronchitis is present. The
increased variability in some patients with no airflow
obstruction and normal bronchial responsiveness to
methacholine suggests that sputum production might
be a contributory factor to the variability, but further
studies are required to investigate this hypothesis.
On the basis of cosinor analysis, the diurnal vari-

ation of PEF in asthmatic subjects has been shown to
be an exaggeration of the normal circadian rhythm.18
Thus the diurnal variability is not in itself abnormal.
There are several factors that could increase the mea-
sured variability in those without asthma. Firstly,
when the airways are narrowed small changes in
diameter will result in greater changes in resistance
(and hence flow rates) than in those with normal sized
airways (Poiseuille's law).5 The measured variability
would be increased, but in both cases the actual
change in muscle tone would be the same. Secondly,
when the measured flow rates are small, small abso-
lute changes will produce large percentage changes.
Thirdly, patients with chronic bronchitis produce
sputum. Expectoration of sputum occurs most fre-
quently in the morning, and this could decrease air-
ways resistance.4 In addition, the viscoelastic
properties of sputum show diurnal variation,19 and
mucociliary clearance is decreased at night.20 The
relationship between sputum and flow rates is compli-
cated by a two phase interaction between air and
liquid during forced breathing; consequently,
although expectoration may decrease resistance, flow
rates will not necessarily increase.421 Sputum pro-
duction may, however, explain the increase in diurnal
variation in those who had normal responsiveness to
methacholine.
The method of calculation of the diurnal variation

(cosinor analysis or highest-lowest (%)),22 the tim-
ing of administration of bronchodilator,23 and the

stability of the disease process24 can all affect the
numerical results, and explain some of the conflicting
results in the literature. The same method must be
used if the results are to be comparable. The finding2
that the computed mean amplitude of the diurnal
variation in chronic bronchitis was no different from
that reported in normal subjects18 could be explained
by the omission of bronchodilator. In the original
comparison18 between normal and asthmatic sub-
jects, using cosinor analysis, asthmatics were
receiving bronchodilator whereas the normal subjects
were not, and there was no indication of the timing of
the measurements in relation to bronchodilator
administration. In addition, the asthmatic subjects
were recovering from an exacerbation, which would
increase their variability. In this study we have used a
standardised method to control as many of the vari-
ables as possible, so that comparison across groups is
possible. Twice daily measurement of PEF at home is
practical and the standard administration of a bron-
chodilator to all groups enables the results from the
bronchitic subjects to be compared with both those
from asthmatic and normal subjects.
There is no direct way to confirm or exclude the

presence of asthma or to determine whether all sub-
jects with increased variability have the same under-
lying disease. Normally, when a diagnostic test is
evaluated the diagnosis is verified against a "gold
standard" in those with and without the disease and
confirmation obtained that those with different but
commonly confused disorders have a negative
result.25 Since there is no "gold standard" for the
diagnosis of asthma these steps cannot be followed.
Indirect methods have to be used that are open to
differing interpretations. In this study we suggest that
the subjects are unlikely to have had additional
asthma: half of the subjects had no other features sug-
gestive of asthma (group 1) and would normally be
considered to be definitely non-asthmatic. Moreover,
there was no difference in the results between this
group and the other subjects (group 2), in whom there
were some features that could be associated with
asthma. This suggests that these subjects were from
the same population. In addition, none of the subjects
developed bronchoconstriction in response to hyper-
ventilation of cold air, which would be expected in all
except those with mild asthma.

These findings suggest that greater diurnal vari-
ation of PEF in patients with chronic bronchitis than
in normal subjects may not necessarily be due to asso-
ciated asthma. Variability of airflow obstruction
could result from more than one mechanism and the
results suggest the need for caution in the inter-
pretation of diagnostic tests for asthma when other
disease processes are present. Further investigation
may indicate an expected upper limit of variability of
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PEF in subjects with chronic bronchitis, and deter-
mine whether increases in excess of this are due to the
additional presence of asthma.
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