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ABSTRACT:  Cough is an important symptom of many respiratory disorders.  We
determined the frequency and diurnal variation of cough in normal subjects and
in patients with asthma or with persistent cough of unknown cause.

We used a portable, solid-state, multiple-channel recorder to record cough sounds
over a 24 h period.  The audio-signal was recorded from a unidirectional micro-
phone strapped over the chest wall, and electromyographic (EMG) signals from
the lower respiratory muscles were simultaneously registered with surface elec-
trodes.  The recorded digital data were examined on an IBM-compatible computer,
and the typical signals induced by cough (as assessed by voluntary or experi-
mentally-induced cough) were counted.

In 12 normal subjects, only 0–16 coughs were recorded over 24 h.  In 21 stable
asthmatics with a history of chronic cough ("asthma") the median number was 282
(ranges: 45–1,577), and in 14 patients with the predominant symptom of daily
dry coughs ("chronic coughers") the median number was 794 (64–3,639).  In both
groups of patients, there was a diurnal variation of coughs, such that the least
numbers occurred between 2 and 5 a.m. (<3% of total).  In the asthma group,
there was no significant correlation between forced expiratory volume in one
second (FEV1) (% predicted) or diurnal variation of peak expiratory flow and
cough frequency. In the chronic coughers, there was a significant correlation
between daytime cough numbers and daytime cough symptom scores but not for
the night-time values.

Our data show that cough frequency is not determined by the severity of asthma
in relatively stable asthmatics on inhaled steroids, and is reduced during sleep
in both asthmatics and chronic cough patients.  This portable cough recorder may
be useful in the assessment of drug therapy for chronic cough.
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Cough is an important symptom of many respiratory
disorders.  It may be the only presenting symptom of
asthma [1], as it may be the earliest symptom, particu-
larly during the night, to indicate worsening of asthma
[2].  In addition, cough may be a persistent symptom
without any identifiable causes [3].  Assessment of
cough severity has usually depended on asking the pat-
ient for his perception of this symptom [4, 5].  Despite
previous reports of recording coughing events, there is
no current objective system for assessing the frequency
and diurnal variation of cough over a 24 h period in
ambulatory patients.  Whether the number of coughs is
a function of the severity of the disease underlying the
cough is not known.

The methods that have previously been described to
record cough have mostly been nonambulatory, and
usually limited to short periods of time, using visible and
auditory changes [6–11].  Some workers have attempted
quantitative determination of cough by allotting marks

over a given period by the nursing staff or by the patient
himself [4, 12, 13].  Recording of the pneumogram onto
a kymograph has also been used to examine the inten-
sity and duration of cough [14].  Cough was later re-
corded on a tape-recorder, using microphones either
fixed on the wall of the patient's room or placed in close
contact with the patient's throat [15, 16].  In these stud-
ies, the effects of antitussive agents were investigated
under conditions where the mobility of the patient was
restricted to the room.  More recently, cough sounds were
recorded with a dynamic microphone placed in the acoustic
focus of a paraboloid mirror, but this method could only
record cough whilst the subject was lying on a bed [17].

We have developed a portable device to record cough-
ing events occurring over a 24 h period in ambulatory
subjects, by making simultaneous recordings of cough
sounds and of the electromyograms of the lower respir-
atory muscles, including diaphragmatic activity.
The recordings were processed on an IBM-compatible
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computer, and the simultaneous digital sound and elec-
tromyographic patterns typical of cough were counted.

The aims of the present study were twofold.  Firstly,
we validated this method of cough counts by using in-
duced and spontaneous coughing events and by exam-
ining whether this could be readily distinguished from
other extraneous sounds.  Secondly, we used this port-
able system to examine the cough frequency and diur-
nal variation of cough in patients with stable asthma
who complained of a chronic cough, in patients whose
predominant symptom was that of a nonproductive cough
with no cause determined at initial presentation, and in
normal asymptomatic volunteers.

Methods

Subjects and patients

We studied 12 normal subjects, 21 stable asthmatic
patients with a history of daily nonproductive cough,
and 14 patients with a daily persistent nonproductive cough
of unknown cause ("chronic cougher") (table 1).  All
patients had at least a 6 month history of cough.  Each
subject or patient underwent a 24 h cough recording.

Asthmatic patients. The diagnosis of asthma was made
on the basis of a history of episodic dyspnoea and wheeze,
reversible airway obstruction following inhalation of
β2-adrenergic agonist, and bronchial hyperresponsive-
ness as measured by methacholine challenge test provo-
cative concentration of methacholine producing a 20%
fall in forced expiratory volume in one second (PC20)
<8 mg·ml-1).  Patients recorded daily symptom scores
for asthma symptoms and for cough severity (table 2),
and daily morning and evening peak expiratory flow-rate
using a mini Wright peak flow meter, over one week.
Both daytime and night-time asthma and cough scores
were calculated and compared with asthma symptoms
and coughs during the day (defined as 5 a.m. to 11 p.m.),
and the night (11 p.m. to 5 a.m. the next morning).  Mean
peak flow variation was calculated from the difference
between the morning and evening, and expressed as a
percentage of the maximum value over the one week
period.  All asthmatic patients were on regular inhaled
steroid treatment (dose range 800–3200 µg of beclo-
methasone dipropionate or budesonide), and inhaled
β2-agonist as necessary.  Three patients needed oral
maintenance prednisolone to control their asthma (5–30
mg·day-1).  None of them had an exacerbation of asthma
during the week prior to cough recording.  All patients
continued with their medication as usual.

1247

Table 1.  –  Characteristics of normal subjects and patients

Group                           Sex                     Age                                   FEV1 Duration of cough
M/F                     yrs                           l % pred                       yrs

Normal subjects    9/3      37±12     3.56±0.24           100
(n=12) (21–62) (88–120)

Asthmatic patients* 4/17 52±15 2.05±0.22 77 12.7±12.4
(n=21) (20–77) (26–107) (0.5–50)

Chronic coughers 6/8 55±14 2.82±0.27 91 6.3±6.1
(n=14) (26–73) (43–110) (1.5–20)

Data are presented as mean±SEM, and range in parentheses.  *: duration of asthma symptoms 19±15 yrs (range 0.5–56 yrs).  FEV1:
forced expiratory volume in one second.

Table 2.  –  Asthma and cough symptom score

Daytime Night-time 

Asthma symptom score Asthma symptom score 
0=no symptoms during the day       0=no symptoms during the night
1=symptoms for one short period 1=symptoms on waking only
2=symptoms more than two short periods 2=wake once or wake early due to symptoms
3=symptoms for most of the day, which did not interfere with 3=symptoms cause frequent waking in the night

usual daytime activities
4=symptoms for most of the day, which did interfere with 4=been awake for most of the night by

usual daytime activities symptoms
5=cannot perform usual daytime activities due to severe symptoms 5=cannot sleep at all due to severe symptoms

Cough symptom score Cough symptom score

0=no cough during the day 0=no cough during the night
1=cough for one short period 1=cough on waking only
2=cough for more than two short periods 2=wake once or early due to cough
3=frequent coughing, which did not interfere with usual daytime 3=frequent waking due to coughs

activities
4=frequent coughing, which did interfere with usual daytime activities 4=frequent coughs most of the night
5=distressing coughs most of the day 5=distressing coughs preventing any sleep



Chronic cough patients. These patients reported persis-
tent nonproductive cough for at least 6 months, with
no symptoms of wheeze or shortness of breath, and with
a normal chest radiograph.  Each underwent proced-
ures, including pulmonary function tests, methacholine
challenge test, cough challenge test with low chloride-
content solution and capsaicin solution, fibreoptic bron-
choscopy, computed tomographic scans of paranasal
sinuses, and 24 h oesophageal pH monitoring.  Patients
were asked to record daily symptom score for cough
severity (table 2).

Following these procedures and in response to spec-
ific therapy, two patients had oesophageal reflux, three
had postnasal drip due to either paranasal sinusitis or rhi-
nosinusitis, and four (including one with associated post-
nasal drip) responded well to inhaled steroid therapy but
without a history of wheeze or shortness of breath.  In
the remaining five, no cause was found.
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Fig. 1.  –  The Brompton cough recording system; a 6-volt, battery-
operated, solid-state, 5-channel recorder.  ECG: electrocardiogram;
EMG: electromyogram.

Fig. 2.  –  Positions of microphone and surface electrodes for elec-
trocardiogram (ECG) and electromyogram (EMG) over the anterior
aspect of the thorax.  The microphone is placed in the first intercostal
space (ICS) at the left sternal border.  For ECG electrodes: black -
5th ICS in the left axillary line (V6 position); yellow - right upper
chest; and green - left lateral abdomen.  For EMG electrodes: black
- 6th ICS, in the left midclavicular line; yellow - 6th ICS, in the right
midclavicular line; and green -  in epigastrium.

ECG (yellow)

Nipple

EMG (yellow)
EMG (green)
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Microphone

ECG (black)

EMG (black)

Cough recorder system

A 6-volt, battery-operated, solid-state, multiple-channel
custom digital logger fitted with a two-megabyte random
access memory (RAM) (Brompton Cough Recording
System, London, UK) was used (fig. 1).  Audio sig-
nal was recorded from a unidirectional microphone
(Knowles type BL1670, Knowles Electronics Co., W.
Sussex, UK) attached to the chest wall facing the skin
with double-sided adhesive rings.  In  free air, the mi-
crophone has a flat frequency response between 50 and
8 Hz, with some peaking of the response between 1.5
and 5 kHz which further enhances the band pass filter-
ing.  Electromyogram (EMG) signals were recorded from
surface electrodes.  Although the electrocardiogram
(ECG) signal was also obtained, it was not analysed.
The placement of these electrodes and the microphone
over the chest wall is shown in figure 2.

Custom preprocessing was equivalent to a band pass
filter, a full wave rectifier and a signal averaging cir-
cuit in series.  The band pass filter consisted of separate
high pass (HP) and low pass (LP)  filters.  For the audio
signal, HP consisted of a 4-pole HP filter, with a -3 dB
point at 1.3 kHz, with a roll off at 24 dB/octave.  LP
was a 2-pole filter, with a -3 dB point at 5 kHz, with
roll off at 12 dB/octave.  This filtering of the audio
signal allowed for minimization of wheeze and snoring
sounds (200–800 Hz) and speech (<1 kHz). For the EMG
signal, HP consisted of a 4-pole filter, with a -3 dB point
at 120 Hz, with a roll off at 24 dB/octave.  LP was sim-
ilar to that of the microphone preprocessing.  The signal
averaging post full wave rectification had a time con-
stant of 30 ms.

Prior to starting recording, the cough recorder was
connected to an IBM-compatible computer using an oper-
ating software (RMOS).  Sampling rates of 50 Hz were
used for the audio and EMG signals.  The recording
modes could be either continuous or episodic.  In con-
tinuous mode, the recording can last 3–4 h, but in epi-
sodic mode, it can record for up to 48 h.  Therefore,
for 24 h recording, we used episodic recording triggered
by a preset level of EMG activity.  For each trigger,
recordings of all five channels were obtained starting 2.5
s prior to the EMG trigger and for at least 10 s, lasting
for as long as the EMG input is at a level higher than
the threshold EMG activity.  If no EMG trigger occurs
for 30 min, there is an automatic recording for 10 s.

Each channel was displayed on the screen and the
audio and EMG signals were adjusted, so that dis-
tinct wave-forms following voluntary quiet and loud
coughing were obtained.  This ensured that the recorder
was triggered by the slightest cough.  All channels were
then monitored in real time and we ascertained that vol-
untary cough signals were recorded satisfactorily prior
to disconnecting the recorder from the computer.  There
was no difference in the recorded signals whether the
subjects were in an erect or supine position.

Twenty four hours later, the recorder was reconnected
to the IBM-compatible computer and the recorded data
was transferred from the recorder to the hard disk.  The
results were then displayed on the screen and the num-
ber of coughs counted as described below.
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Validation of cough events

Differentiation of cough from other events. Subjects and
patients were asked to simulate sighing, loud speech,
throat-clearing and forced expiratory manoeuvres.  The
wave forms of these manoeuvres were displayed on the
computer screen for real time monitoring.  These were
compared with those for voluntary coughing.

Experimental induction of cough. In 10 normal sub-
jects, we performed cough challenges with low-chloride-
content and capsaicin solutions [18], and compared
cough numbers counted by an independent observer
and recorded by the portable recorder.  For challenges
with low-chloride content solution, subjects inhaled
decreasing chloride content solution (150, 75, 37.5 and
0 mM) from an ultrasonic nebulizer (DeVilbiss Ultra-
neb 99, DeVilbiss Health Care, inc. Somerset, USA)
for 1 min, and cough counts were made during the
1 min and the succeeding 1 min.  For capsaicin  chal-
lenge, capsaicin aerosols (1–500 µM) were inhaled
once in increasing twofold concentrations from a
nebulizer triggered by a dosimeter for 1 s (Morgan
"Nebucheck") Nebulizer Controller, P.K. Morgan Ltd,
Kent, UK).

Measurement of coughing events

We used the audio and EMG signals as visualized on
the computer screen to count coughs.  Coughing events
were counted either as individual events or as a cluster
of single events.  We defined each cluster (a "cough
epoch") as a close succession of coughs recorded by each
trigger of the recorder (fig 3).  To analyse the diurnal
variation of the coughs or cough epochs, we divided the 24
h into eight 3 h periods.  Awake time was arbitrarily defined
as 5 a.m. to 11 p.m. and sleep time as 11 p.m. to 5 a.m.

Data analysis

Because of the wide variation of cough numbers
or epochs between the patients and their skewed dis-
tribution, data has been expressed as median cough
numbers or cough epochs.  Nonparametric Kruskal-
Wallis test was used to compare the relationship of
cough numbers or epochs with symptom score of asth-
ma or cough.  Mann-Whitney-Wilcoxon test was used
to compare the median cough numbers or epochs in the
different groups.  The relationship between the cough
numbers or epochs and the variation in peak expiratory
flow or the baseline forced expiratory volume in one
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Fig. 3.  –  Examples of triggered recordings of spontaneous cough, lasting for 10 s or more.  The signals recorded are (from top to bottom): elec-
trocardiogram (ECG); audio signal (AUDIO); electromyogram (EMG); a) There are two distinct EMG peaks accompanied by simultaneous audio
peaks, counted as either two separate coughs or as a single epoch, i.e. a close succession of coughs recorded on one trigger of the recorder.  b)
Example of one cough epoch lasting for 22 s.  The total number of individual coughs are 12 counted from the EMG signals with corresponding
audio signals.
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Fig. 4.  –  Recording of audio (AUDIO) and electromyogram (EMG) signals for various manoeuvres which could interfere with the counting of
signals induced by cough. a) Voluntary cough produces distinct EMG peaks, accompanied by simultaneous audio peaks. b) Sneezing is usually
accompanied by a slow rise in the EMG prior to a rapid rise in EMG and audio signal. c) Laughing induces a saw-tooth pattern in the EMG sig-
nal, without return of the EMG to baseline. d) Speaking loudly shows a dissociation between the audio and EMG signals.  e) Throat-clearing pro-
duces EMG signals which are not as steep as those of cough, although it can sometimes be difficult to differentiate from signals induced by cough.
Manoeuvres for: f) using a metered-dose inhaler (MDI); or g) measuring peak flow; or  h) forced expiratory volume manoeuvre induce EMG and
audio signals which are asynchronous and are clearly different from those of cough.

second (FEV1) (% predicted) in asthmatic patients was
determined by using Spearman rank order correlation
coefficient.  In order to test the inter- and intraobserver
variation of cough counts, data from eight 24 h record-
ings were counted twice at different times by one ob-
server, and once by another observer, and analysed using
the method of BLAND and ALTMAN [19].

Results

Patterns of audio and EMG signals

Cough induced either voluntarily or by agents, such as
low-chloride solution or capsaicin, or spontaneously-
generated induced typical audio and EMG signals as
illustrated in figure 3, 4 and 5.  The simultaneous rapid
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increase and fall both in the audio and EMG signals
could be differentiated from others induced by sneez-
ing, laughing, speaking loudly, throat-clearing, forced
expiratory manoeuvre, peak flow monitoring or using a
metered-dose inhaler (fig 4).

Induced cough

The patterns of audio and EMG signal induced by
low-chloride content and capsaicin solutions are shown
in figure 5.  These are clearly different, with the former
inducing a train of 2–3 coughs separated by 1.5 s or
more, whilst the latter usually caused a burst of rapid coughs
in succession. (usually 5–6 at the highest concentration).
There was an excellent correlation between the total

2  s

f)  Using MDI inhaler

AUDIO

 EMG
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coughs induced, as counted by an observer at the time
of the challenge, and the coughs counted from analysis
of the audio and EMG signals (r=0.999; p<0.005 for low-
chloride content solution challenge; and r=0.999; p<0.005
for capsaicin challenge).

Spontaneous cough

In the normal subjects, only occasional coughs were
found (range 0–16 coughs·day-1).  In the asthmatics, the
median 24 h cough numbers was 282 (range 45–1,577)
and cough epochs 58 (range 12–263).  Coughs occurred
mostly in the daytime, peaking between 11 a.m. and 2
p.m. (17%), and rarely in the night when subjects were
sleeping (1.4% between 2 a.m. and 5 a.m.) (fig. 6).
There was no significant correlation between FEV1 (%
pred) and 24 h cough numbers.  There was no signifi-
cant correlation between diurnal variation of peak expi-
ratory flow rate and 24 h cough numbers, and between
both daytime or night-time cough numbers and daytime
or night-time asthma symptom scores.

In the chronic coughers, the 24 h cough numbers and
cough epochs were 794 (range 64–3,639) and 154 (range
21–362), respectively, which was significantly higher
than that in asthmatics (p<0.05).  The peak time of
coughing was similar to that of asthmatics (19.4% bet-
ween 11 a.m. and 2 p.m.); the incidence of night-time
cough was low (2.9%, between 2 a.m. to 5 a.m.).  There
was a significant correlation between daytime cough
numbers and daytime cough symptom scores (p<0.01),
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a)

AUDIO

EMG
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Fig. 5.  –  Audio (AUDIO) and electromyogram (EMG) signals obtained in a normal subject whilst coughing: a)  during inhalation of low-
chloride content solution; and b) following inhalation of capsaicin solution.  Low-chloride content solution induced trains of 2 or 3 coughs sepa-
rated by more than one second, whilst capsaicin caused a rapid train of 6 coughs followed by 2 intermittent coughs.  With capsaicin, the EMG
signal remains constant but the audio signal decreases with each successive cough.
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Fig. 6.  –  Diurnal variation of median cough numbers for chronic
coughers (   , n=14) and asthmatics (   , n=21).  The cough
numbers recorded in 12 normal volunteers are not shown on the
figure, because the median numbers were extremely low at each of
these 3 h intervals.  Chronic coughers coughed more frequently
than the asthmatics at all time intervals.  In both groups, there was a
diurnal variation of cough frequency, with the cough numbers
lower between 20.00  and 05.00 h, the lowest between 02.00  and
05.00 h.     
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but not between night-time cough numbers and night-
time cough symptom scores (fig. 7).

There was a significant correlation between the total
cough numbers and the cough epochs for all the 24 h
recordings (n=47; r=0.96; p<0.005).  The inter- and
intraobserver variation for repeat counting of coughs



for 24 h recordings containing a median number of 330
coughs (range 75–980) was within one SD of differences
for seven recordings, and just outside 2 SD's for one.

Discussion

We describe an ambulatory system for measuring the
frequency of coughs over a 24 h cycle.  In addition to
the use of a sensitive microphone to register sounds, we
also used surface electrodes to pick up EMG activity
of the respiratory muscles, including that of the dia-
phragm.  The EMG signal was used to trigger the sys-
tem to record, thus excluding registration of much
extraneous noise.  Using the sound and EMG signals,
we could differentiate the patterns induced by a cough
from those caused by other noises.  The major advan-
tages of our recording system include portability, which
interferes to a minimum with the subject's mobility,
and a relatively rapid and dependable counting of the
cough frequency during the 24 h cycle.  Although
microphones connected to a tape-recorder have been
used in the past to record cough frequency [15, 16],
counting of the cough numbers could only be per-
formed in real time.  In our recording system, the
coughing events can be rapidly scanned and counts of
individual coughs be made. Because the number of
coughs were closely correlated to the number of cough
"epoch", i.e. a close succession of coughs recorded by
each trigger of the recorder, it would be quicker to make
a count of the cough epochs by enumerating the num-
ber of triggers induced by coughs.

The cough profile from the sound and EMG signals
could be differentiated from other profiles.  The simulta-
neous rapid upstroke and downstroke of the two signals
are typical for cough, as illustrated during voluntary cough
or during cough induced by tussive agents, such as low-
chloride content and capsaicin solutions (fig. 5).  It was
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not difficult to distinguish the typical cough signals from
the extraneous ones, such as talking loudly, laughing,
performing peak flow manoeuvres, using a metered-dose
inhaler and sneezing.  The cough signals are also distinct
from snoring and wheezing.  The sensitivity of the trig-
ger for recording was set for each subject and was the
minimum threshold trigger for the EMG recording.  Be-
cause EMG signals were used to trigger the recorder,
this produced less extraneous signals to be recorded com-
pared to previous recorder systems triggered by sound
[15, 16].  The magnitude of the signals was not affected
whilst in the prone position, and does not explain the
lower frequency of coughs whilst lying supine in bed.
Finally, both the intraobserver and interobserver vari-
abilities for measuring the number of coughs were low
and acceptable.  A software to count the coughs is currently
under development.

We found in our sample of chronic coughers a signif-
icantly higher number of coughs and cough epochs through-
out the 24 h cycle when compared to the asthmatics
(p<0.05).  However, there was a large overlap in the num-
bers of cough in the two groups, and the range of cough
counts was wide, representing a 40–60 fold difference
between the lowest and the highest cough numbers record-
ed in the two groups.  This illustrates the very wide range
of spectrum of the degree of cough as a symptom from
patient to patient, and also from disease to disease [20].

Of great interest is the marked diurnal variation in the
cough frequency in both groups of coughers, with the
lowest number of coughs during the 2–5 a.m. period,
when only 2.2% of the total number of coughs was observed.
For both groups, the cough frequency stayed at a fairly
constant level between 5 a.m. and 8 p.m. after which it
gradually fell to its lowest during the 2–5 a.m. period.
Part of the diurnal variation may be related to sleep itself,
because POWER et al. [21] demonstrated that spontaneous
cough is suppressed during sleep as determined by ECG
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in patients with chronic bronchitis.   A similar diurnal vari-
ation in cough count in young adults during natural colds
has been described using a nonambulatory recording sys-
tem [22].  This diurnal variation of cough frequency, par-
ticularly in asthmatics, may appear surprising as nocturnal
coughing is regarded a classical feature of asthma [1, 2].
However, our patients were in a relatively stable clinical
state and not with an impending exacerbation of asthma,
and were on maintenance anti-inflammatory therapy, usu-
ally inhaled corticosteroids.  In two asthmatic patients with
impending exacerbation, we have found that cough per-
sisted throughout the 24 h of recording with no diurnal
variation, and disappeared following treatment of the exac-
erbation with corticosteroid therapy.

Although the development of nocturnal coughing may
be a feature of impending worsening of asthma, we found
no significant relationship between cough frequency and
diurnal variation in peak expiratory flow rates used as a
measure of the severity of asthma in our study.  In addi-
tion, there was no relationship between the patient's
perception of his asthma and cough, and, also, no rela-
tionship between the number of coughs and asthma
symptom score.   Although this relationship needs to be
examined in patients with a wider spectrum of severity
of asthma, our data suggest that the number of coughs is
independent of the degree of underlying airways ob-
struction.  Other investigators have reported that detailed
analysis of the sound spectra of the cough sounds from
asthmatic patients may differ from those recorded from
nonasthmatic patients [23, 24].  However, this may only
be useful in diagnosis rather than in determining the sever-
ity of asthma.  We have also found that some normal
subjects experienced a small number of coughs mainly
during the daytime hours (not more than 16 coughs in
all).  This may represent cough as a defensive mechanism.

In the chronic coughers, there was a good correlation
between the cough numbers during the day and the patient's
scoring of cough severity, indicating that these patients
had a better perception of their cough than the patients
with stable asthma.   However, appreciation of the cough
severity at night was poor in both the chronic coughers
and the asthmatics.

We describe a reliable method for obtaining cough
counts over a 24 h cycle in fully ambulatory patients.
One of its strengths is that it provides an objective and
accurate means of assessing the effect of potential anti-
tussive agents in patients with various pulmonary condi-
tions characterized predominantly by cough, and in
whom suppression of cough is important.
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