
Evaluating cough: causes and consequences

S42 THE ASSESSMENT OF COUGH SEVERITY WITH A NOVEL COUGH
MONITOR

1A Savani, 1C Wood, 1D Cox, 1T Fleming, 1S Matos, 2ID Pavord, 1SS Birring. 1King’s
College Hospital, London, UK; 2Glenfield Hospital, Leiceseter, UK

The assessment of cough has been hampered by the lack of
objective tools. The Leicester cough monitor (LCM) is a validated
cough monitor that records 24-h cough frequency. The LCM is a
lightweight, ambulatory and automated system that consists of a
recorder and a microphone. The aim of this study was to use this
novel tool to evaluate cough frequency in an outpatient setting.

We recruited 84 patients with chronic cough from our specialist
cough clinic (50 women, mean age 55 years) and recorded their 24-h
cough frequency. This was compared with subjective parameters of
cough severity (visual analogue score (VAS) and quality of life
scores (Leicester cough questionnaire, LCQ)). The responsiveness of
the LCM was assessed in 21 patients who underwent a 2-week trial
of oral prednisolone.

Patients with chronic cough had a mean (SEM) cough frequency
of 16 (2) coughs/h. All patients had diurnal variation in cough
frequency (21 daytime vs 10 nighttime coughs/h; 95% CI for
difference 7 to 15; p,0.001). There was no relationship between
cough frequency and age, gender, duration of cough, atopy, meal
times or cause of cough. There was a significant correlation
between cough frequency and both cough symptoms (VAS;

r = 0.37; p,0.001) and quality of life (LCQ; r = 20.41;
p,0.001). A reduction in cough frequency was seen in 17 (81%)
patients undergoing a trial of prednisolone. The responsiveness of
the LCM was good; the effect size for change in cough frequency
(difference in mean cough frequency/standard deviation of baseline
cough frequency) was 0.6.

This is the first study to report cough frequency using an
automated cough monitor in a clinical setting. The LCM represents
a significant advance in the assessment of cough severity. We have
demonstrated that the LCM is a reliable, well tolerated and easy to
use objective cough monitor. It should be a useful tool to assess
patients with cough in the clinic and clinical trials and to assess the
response to therapy.

S43 PULMONARY FUNCTION AND BRONCHIAL REACTIVITY IN
PATIENTS WITH CHRONIC COUGH

A Kelsall, S Decalmer, R Dockry, D Singh, A Woodcock, JA Smith. University of
Manchester, University Hospital South Manchester, Manchester, UK

Rationale: Patients presenting with unexplained chronic cough
undergo a range of diagnostic testing. Patients with bronchial
hyperresponsiveness to methacholine (BHR) are often considered to
have cough variant asthma (CVA) as a potential cause.
Methods: In a prospective study, 100 patients attending a tertiary
referral clinic (mean age 57 years (SD ¡ 11.0), 65% female, median
cough duration 3.8 years (interquartile range 2.0–10.0)) underwent
a detailed diagnostic protocol including pulmonary function testing
(flow volume loop), BHR to methacholine, induced sputum cell

Abstract S41 Table

Variable
Pred arm
n = 31

Placebo arm
n = 29

P Value
Pred vs placebo

Group characteristics

FEV1 (% predicted) 98 (92 to 104) 91 (85 to 97) 0.26

Aspirin sensitivity n = 15 n = 15 0.89

Asthma n = 11 n = 11 0.23

Total IgE (kU/l)* 93.6 (57.6 to 151.9) 101.7 (56.4 to 183.6) 0.43

Methacholine PC20 (mg/ml)* 1.2 (0.5 to 3.1) 1.6 (0.9 to 2.8) 0.65

Mini RQLQ (units)

Baseline 1.62 (1.23 to 2.01) 2.17 (1.51 to 2.83) 0.75

Post tablets 0.75 (0.33 to 1.16){ 1.73 (1.21 to 2.24) 0.001

Post nasal drops 0.75 (0.46 to 1.03){ 0.69 (0.45 to 0.94){ 0.25

Post nasal spray 0.66 (0.45 to 0.87){ 1.08 (0.72 to 1.44){ 0.12

PNIF (l/min)

Baseline 111 (95 to 127) 111 (79 to 143) 0.92

Post tablets 145 (128 to 163){ 133 (100 to 166) 0.11

Post nasal drops 148 (131 to 165){ 160 (126 to 195){ 0.75

Post nasal spray 147 (129 to 165){ 146 (110 to 183) 0.59

Anosmia score (0–100 mm)

Baseline 62.04 (49.01 to 75.06) 55.58 (40.90 to 70.26) 0.75

Post tablets 32.96 (22.23 to 43.69){ 59.50 (47.43 to 71.57) 0.001

Post nasal drops 33.69 (22.48 to 44.90){ 43.98 (30.88 to 57.08) 0.25

Post nasal spray 34.65 (23.79 to 45.52){ 47.25 (34.56 to 59.94) 0.12

Endoscopy score (0–6)

Baseline 4.7 (4 to 5.5) 4.8 (4 to 6) 0.66

Post tablets 2.6 (2 to 3){ 4.7 (4 to 5) ,0.001

Post nasal drops 2.2 (1 to 3.5){ 3.2 (3 to 4){ 0.002

Post nasal spray 2.8 (2 to 4){ 3.3 (2 to 4){ 0.04

OUCC* (nmol/mmol)

Baseline 8.07 (6.27 to 10.40) 8.70 (7.04 to 10.73) 0.93

Post tablets 14.52 (8.95 to 23.55) 7.62 (6.39 to 9.09) 0.03

Post nasal drops 7.74 (5.79 to 10.37) 7.48 (5.98 to 9.35) 0.68

Post nasal spray 8.51 (6.36 to 11.35) 8.14 (6.38 to 10.42) 0.83

*Indicates geometric mean and 95% CI. {Indicates statistically significant change from baseline values (p,0.05). RQLQ, rhinoconjunctivitis quality of life questionnaire; PNIF, peak nasal
inspiratory flow rate; Pred, prednisolone 25 mg od for 2 weeks.
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count and bronchoscopy. 84% of patients had previous failed trials
of asthma treatment (inhaled and/or oral steroids), 26% were
currently taking inhaled corticosteroids (ICS) but still coughing. A
potential diagnosis of CVA was determined by the presence of BHR
with raised eosinophils (.3% in sputum or lavage) and eosinophilic
bronchitis (EB) by raised eosinophils in the absence of BHR.
Results: Eight subjects had evidence of CVA (median PD20 0.55 mg/
ml (range 0.07–2.08)) and 10 EB. A third of subjects had BHR in the
absence of eosinophils (median PD20 1.96 mg/ml (0.20–5.56)) but 13
were currently treated with ICS. Pulmonary function (FEV1) was
lowest in the group with BHR alone (93.9% ¡ 14.3) compared with
CVA (106.6 ¡ 11.1), EB (103.2 ¡ 16.0) and no BHR or eosinophils
(108.2 ¡ 13.8) (analysis of variance p(0.001). Small airway flow
rates were also lowest in the BHR alone group (logFEF25 (p = 0.007),
logFEF50 (p,0.001) and logFEF75 (p,0.001)) (see fig).
Conclusions: BHR in the absence of other evidence of asthma is
common in tertiary referral patients with chronic cough. These
subjects had poorer pulmonary function than patients with CVA or
those with normal methacholine reactivity.

S44 CINNAMALDEHYDE: A NOVEL TUSSIVE AGENT IN MAN

S Faruqi, AH Morice. Department of Academic Medicine, University of Hull, Castle Hill
Hospital, Cottingham, UK

Background: Experimental induction of cough is an important tool
in the evaluation of the reflex. Commonly used tussive agents
include capsaicin, citric acid and distilled water. Capsaicin induces
cough by acting on TRPV-1 receptors. TRPA-1 receptors, another
member of the same family, have a similar property of being
activated by environmental chemical stimuli (chemesthesis).
Cinnamaldehyde, the active ingredient of cinnamon, is a specific
agonist of this receptor. We wanted to evaluate cinnamaldehyde as
a tussive agent as our hypothesis was that it would stimulate the
TRPA-1 receptors in the airways and induce cough. We also wanted
to determine whether previous inhalation with cinnamaldehyde
would affect cough reflex sensitivity to capsaicin or citric acid.
Methods: In a randomised crossover study we performed two cough
challenges at one hour intervals in 10 healthy non-smoking adults
with nebulised cinnamaldehyde, capsaicin and citric acid using a
validated technique (MB3 MEFAR dosimeter). We also performed
cough challenges with capsaicin and citric acid following the previous
inhalation of subthreshold cinnamaldehyde (or diluent).
Results: A total of 10 subjects were included in the study (6 men,
mean age 33.5 years). All subjects had normal lung function tests. C2
and C5 are the concentration at which two or more and five or more
coughs, respectively, were induced. All three agents induced cough,
which was reproducible at 1 h. The median C2 and C5 are shown in
the table. Cough challenges were well tolerated with all the agents
and a trend towards tachyphylaxis seen with all. Previous inhalation
of cinnamaldehyde (or diluent) did not have any effect on subsequent
cough challenges with citric acid or capsaicin.

Conclusion: TRPA-1 receptors allow for complex binding with
other receptors and mediators. The extracts of a number of
naturally occurring pungent compounds such as cinnamon (cinna-
maldehyde), mustard oil (allyl isothiocyanate) and wood smoke
(acrolein) stimulate these receptors. We have demonstrated that
inhalation of nebulised cinnamaldehyde experimentally induces
cough. TRPA-1 seem to be a major site for chemesthesis in the
airways and important in the evaluation of the cough reflex.

S45 PREDICTORS OF COUGH IN ASTHMA

1PA Marsden, 2JA Smith, 1AA Kelsall, 1E Owen, 1JR Naylor, 1D Webster, 1U Alam,
2AA Woodcock. 1University Hospital of South Manchester NHS Foundation Trust,
Manchester, UK; 2University of Manchester, Manchester, UK

Rationale: Cough is an important symptom in asthma. This study
was designed to investigate the factors that predict objective cough
rates in asthma.
Methods: 56 non-smoking adults with physician-diagnosed asthma
underwent 24-h ambulatory cough recording (mean age
41.5 ¡ 13.6 years; 34 (60.7%) female; median asthma duration
16.5 years (range 2–58); BTS step 1: 41.1%; step 2: 32.1%; step 3:
14.3%; step 4: 5.4%; step 5: 7.1%). Median FEV1 percentage predicted
93.9% (range 27.9–126.5); median feNO 28.6 ppb (5.9–186.0); median
DRR to methacholine 99.6 (range 3.36–1625.3) no steroids 23 (41.1%);
inhaled steroids 29 (58.1%); systemic steroids 4 (7.1%). Recordings were
manually counted using cough seconds as an estimation of time spent
coughing. The concentration of citric acid eliciting two (C2) and five
(C5) coughs was used as a measure of cough reflex sensitivity.
Results: 24-h cough rates were low (median 2.6 coughs/h (range 0.0–
14.2)), with more coughing by day (median 3.9 coughs/h (0.0–18.5))
than by night (median 0.4 coughs/h (0.0–8.7)) (p,0.001). Women
coughed more at night than men (0.6 coughs/h versus 0.1 coughs/h
(p = 0.01)) but not by day (p = 0.12). There was a weak but
significant positive correlation between overall cough rates and age
(r = 0.36, p = 0.006). LogC2 correlated inversely with daytime cough
rates (r = 20.39; p = 0.03) but not LogC5 (r = 20.08; p = 0.65).
Cough rates did not correlate with feNO (p = 0.63), DRR (p = 0.81) or
FEV1 (p = 0.68), nor did they differ between BTS grade (p = 0.46) or
between those taking and not taking steroids (p = 0.52).
Conclusions: Cough in asthma is independent of standard measures
of asthma. Increasing age and lower C2 were predictive of higher
cough rates and female asthmatics cough more at night than men.

S46 RELATIONSHIPS BETWEEN MICRO-ASPIRATION, GASTRO-
OESOPHAGEAL REFLUX AND COUGH IN CHRONIC COUGH
SUBJECTS

1S Decalmer, 2R Stovold, 3H Jones, 2J Pearson, 2C Ward, 3LA Houghton, 1A Kelsall, 1K
McGuinness, 1AA Woodcock, 1JA Smith. 1Respiratory Research Group, University of
Manchester, Manchester, UK; 2Applied Immunobiology and Transplantation Research Group,
Institute of Cellular Medicine, University of Newcastle upon Tyne, Newcastle upon Tyne, UK;
3Department of Neurogastroenterology, University of Manchester, Manchester, UK

Rationale: Gastro-oesophageal reflux is reportedly associated with
between 5% and 40% of cases of chronic cough, but the

Abstract S44 Table

Agent used Response At 0 h At 1 h

Following
subthreshold
CIN

Following
diluent

CIN C2 200 275 n/a n/a

C5 313 388 n/a n/a

CIT C2 125 125 125 94

C5 200 250 250 250

CAP C2 4 4 8 4

C5 12 16 16 16

CAP, capsaicin; CIN, cinnamaldehyde; CIT, citric acid.

Abstract S43 Figure
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mechanisms linking cough and reflux are not well understood. The
aim of this study was to investigate the relationships between
measures of micro-aspiration, reflux and cough in these patients.
Methods: Simultaneous 24 h oesophageal impedance/pH and
cough monitoring were carried out on 78 chronic cough patients
presenting to a specialist clinic. Pepsin quantification was
performed in sputum and bronchoalveolar lavage (BAL) samples
using a plate ELISA, based on a mono-specific antibody to porcine
pepsin. 12 BAL samples from healthy controls were used for
comparison.
Results: The mean number of reflux events in 24 h was within the
normal range (64 (¡23); 29 patients (37%) had reflux disease (.73
episodes/24 h)). Median 24-h cough rate was 10.4 coughs/h (range
0.3–70.2). There was no significant difference in median BAL pepsin
concentrations in cough patients and controls (18.2 ng/ml (range 0–
56.4) and 9.3 ng/ml (range 0–46.9), respectively, p = 0.27) or in
cough patients with and without reflux (p = 0.34). The median
sputum pepsin concentration in cough patients was 17.3 ng/ml
(range 0–55.4), with a trend towards higher concentrations in those
with reflux (p = 0.07). Using multiple linear regression and
correcting for the effects of age and gender, cough rate was
significantly related to the number of reflux episodes (p,0.001).
Using a similar model cough rate was also predicted by sputum
pepsin (p = 0.002) but BAL pepsin in this model was not significant
(p = 0.20). The slope of this relationship was negative, indicating
that patients with higher cough rates had less pepsin in their
sputum.
Conclusions: Despite physiological levels of reflux in the majority
of patients, cough rates were significantly predicted by the number
of reflux events. Pepsin concentrations did not support a role for
micro-aspiration in chronic cough, rather subjects with higher
cough rates had less sputum pepsin, suggesting that cough may
protect from micro-aspiration or clear pepsin from the proximal
airways. Reflux appears to be a trigger for cough, but micro-
aspiration does not appear to occur. An abnormal oesophageal
sensitivity to physiological levels of reflux may be present,
explaining the low sputum pepsin levels.

S47 CHRONIC COUGH AND ESOMEPRAZOLE: A DOUBLE-BLIND,
RANDOMISED PLACEBO-CONTROLLED PARALLEL STUDY

H Fathi, S Faruqi, R Thompson, C Wright, AH Morice. Department of Academic
Medicine, University of Hull, Castle Hill Hospital, Cottingham, UK

Background: Gastro-oesophageal reflux has been implicated in the
pathogenesis of a significant proportion of patients with chronic
non-specific cough. Guidelines on the management of chronic
cough suggest a therapeutic trial of anti-reflux medications.
Esomeprazole at a dose of 20 mg twice daily is a proton pump
inhibitor (PPI) licensed for the long-term treatment of reflux in
adults. We wanted to evaluate the effects of treatment with
esomeprazole on chronic cough.
Method: This was a prospective, single-centre, randomised, double-
blind, placebo-controlled, parallel design trial conducted over

8 weeks. 50 adult (.18 years) patients who were non-smokers
and had chronic non-specific cough (.3 months duration) were
randomly assigned into this trial. All patients had a normal
spirometry. Patients completed a Leicester cough questionnaire
(LCQ), a validated cough-related quality of life questionnaire, at the
beginning and at the end of the study. The LCQ scores varied from
3–21 with higher scores representing better quality of life.
Subjective self-assessment cough score from 0–9 (cough score) and
a similar score for symptoms of gastro-oesophageal reflux (reflux
score) were obtained at baseline and at the end of the study. Citric
acid cough challenge and a laryngoscopic examination (obtaining a
reflux finding score (RFS)) were performed at baseline and the end
of the study. The primary outcome of the study was improvement
in cough.
Results: 15 men and 23 women with a mean age of 56.8 years
completed the study. Their mean duration of cough was 5 years.
The treatment and placebo groups were comparable. There was a
significant improvement in the reflux score seen in patients on the
treatment arm (p = 0.03). There was no significant improvement
either in the cough score, LCQ or in the RFS in the treatment arm as
compared with placebo.
Conclusion: PPI are suggested as first line treatment in patients
with chronic cough which is possibly caused by extra oesophageal
reflux. Our results show that treatment with a PPI ameliorates
symptoms of ‘‘heart burn’’, the characteristic feature of gastro-
oesophageal reflux. No differences in symptoms of cough were
observed on treatment with a PPI.

Systemic aspects of chronic obstructive
pulmonary disease

S48 OSTEOPOROSIS AND LOSS OF BONE MINERAL DENSITY IN
CORTICOSTEROID-NAIVE MALE PATIENTS WITH CHRONIC
OBSTRUCTIVE PULMONARY DISEASE

1JM Duckers, 1CE Bolton, 2BA Evans, 3W Evans, 4MD Stone, 1DJ Shale. 1Department
of Respiratory Medicine, Cardiff University, Cardiff, UK; 2Department of Child Health,
Cardiff University, Cardiff, UK; 3Department of Medical Physics, University Hospital of
Wales, Cardiff, UK; 4Bone Research Unit, Cardiff University, Cardiff, UK

Background: Previously, we reported an increased prevalence of
loss of bone mineral density (BMD) in patients with chronic
obstructive pulmonary disease (COPD) with a third having
undetected osteoporosis.1 Here, we hypothesised that loss of
BMD occurs early in COPD progression and is independent of
corticosteroid therapy.
Methods: Thirty corticosteroid-naive (inhaled or oral) male
patients with COPD and 15 age-matched male controls were
studied. Spirometry, incremental shuttle walking test (ISWT),
BMD at hip and lumbar spine together with body composition
(DXA, Hologic, Discovery) were performed.
Results: Previously undetected osteoporosis2 was present in 17% of
patients (3% control) and osteopenia in 57% of patients (33%
control). Results are presented in the table. In patients FFMI was
related to BMD hip (r = 0.506, p = 0.004) but not BMD lumbar
spine (r = 0.310, p.0.05). There was a trend that ISWT in
patients was related to BMD hip (p = 0.06).
Conclusions: Loss of BMD was evident in 74% of corticosteroid-
naive male patients. The loss of BMD was more prominent at the
hip compared with the lumbar spine. This difference may reflect
loss of physical activity and subsequent deconditioning as suggested
by the loss of fat-free mass and shorter ISWT distance in these
patients. Bone thinning in COPD appears to occur early in the
genesis of lung disease, to be independent of corticosteroid therapy
and is associated with physical deconditioning, which should be
targeted for intervention at initial diagnosis.

Abstract S48 Table Characteristics of patients and control subjects

Patients Controls

Smoking pack years median (range) 47.5 (10–150) 30 (10–80)*

FEV1 % predicted 63.7(17.9) 92.9 (10.6)**

FFMI (kg/m2) 18.3 (2.4) 20.4 (1.7)*

ISWT (m) 424 (171) 563 (221)*

BMD hip (g/cm2) 0.93 (0.14) 1.05 (0.17)*

BMD lumbar spine (g/cm2) 1.03 (0.20) 1.13 (0.22)

*p,0.05; **p,0.001. BMD, bone mineral density; FFMI, fat-free mass index; ISWT,
incremental shuttle walking test.
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