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Abstract 

There has been significant progress in the field of cough in the past 10 years. Obstructive sleep 

apnoea, tonsillar enlargement and environmental fungi have recently been described as causes of 

chronic cough. The advances in the assessment of gastro-oesophageal reflux (GOR) have led to a 

greater understanding of the relationship between cough and GOR and are likely to change the 

approach to managing patients with GOR-cough. The investigation of the phenotype of patients 

with idiopathic chronic cough has provided novel insights. Patients with an idiopathic chronic 

are predominantly female, have an onset of cough around the menopause and have a high 

prevalence of organ specific autoimmune disease, particularly hypothyroidism. The presence of 

bronchoalveolar lymphocytosis suggests there is homing of inflammatory cells from primary 

sites of autoimmune inflammation to the lungs. The importance of heightened cough reflex 

sensitivity has led to some investigators to suggest that chronic cough be recognised as unique 

entity called Cough Hypersensitivity Syndrome (CHS). A number of subjective and objective 

tools have been developed recently to assess cough severity. Antitussive drug development and 

their assessment in randomised controlled clinical trials is an emerging and exciting area of 

cough research. 
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Introduction  

The management of patients with chronic cough is challenging on many fronts. The evaluation 

of patients involves numerous investigations and treatment trials. The optimal approach is not 

known, for example, the evidence for the role of proton pump inhibitor therapy for gastro-

oesophageal reflux associated chronic cough is conflicting.1 A significant number of patients 

with chronic cough remain unexplained. The reasons for this are unclear and there are few 

effective treatment options. Cough reflex hypersensitivity is a key feature of chronic cough but 

the mechanism of sensitisation is not known and it currently has little role in the management of 

patients. Few randomised controlled trials have been performed in chronic cough to guide 

clinical practice. The evaluation of antitussive drugs until recently had been hampered by a lack 

of validated and objective tools to assess cough severity and the difficulty in interpreting data in 

a clinically meaningful way. This review will discuss some of the recent advances in the field of 

cough that begin to address some of the key challenges. 

 

New chronic cough conditions 

The recent identification of a number of conditions associated with unexplained chronic cough 

may lead to new therapeutic options for appropriately selected patients. (table 1). 

 

Obstructive sleep apnoea 
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 A recent study has reported that cough can be the sole manifestation of obstructive sleep apnoea 

(OSA).2 Patients with OSA-cough were likely to be female, overweight, snorers and have 

symptoms of GOR.3 The prevalence of OSA-cough is high when obesity is common in the 

general population. In a study investigating patients referred for investigation of cough in Utah, 

USA, a population with a high prevalence of obesity, 44% of patients had evidence of OSA.4 

OSA was rarely suspected at presentation and could not be identified from the characteristics of 

cough alone. Initial therapy for cough was usually directed towards common causes of cough 

such as asthma, GOR and rhinitis and was not effective. OSA was diagnosed with 

polysomnography. A trial of continuous positive airway pressure therapy in a small number of 

patients reported a significant reduction or resolution in cough.2 The mechanism of cough in 

patients with OSA is unclear. There are at least two possibilities. The increase in trans-

diaphragmatic pressure during episodes of apnoea is thought to cause lower oesophageal 

sphincter insufficiency leading to GOR. Another potential mechanism is that cough results from 

upper airway inflammation associated with epithelial injury associated with snoring and apnoeas. 

The optimal therapy for this group of patients is not known and needs to be investigated in a 

controlled trial.   

 

Chronic tonsillar enlargement 

The examination of the upper airways is a routine part of the assessment of patients with chronic 

cough. A recent study reported that a small number of patients with otherwise unexplained 

chronic cough had enlarged tonsils found coincidentally during examination.5 All patients 

underwent tonsillectomy which led to a reduction or resolution in cough and cough reflex 
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hypersensitivity. The histological examination of tonsillar tissue demonstrated chronic 

inflammation. The mechanism of cough was thought to be related to upper airway inflammation 

associated with tonsillar enlargement.  A similar association between cough and enlarged tonsils 

has been reported in children.6 Further studies need to investigate the efficacy of tonsillectomy in 

a larger number of patients. 

 

Basidiomycetous fungi 

 A recent report from Japan has found evidence of environmental basidiomycetous fungi such as 

Bjerkandera adusta in the airways of patients with unexplained chronic cough.7 Basidiomycetous 

fungi were cultured in induced sputum of approximately 25% of patients with chronic cough, 

occurring largely in patients with unexplained chronic cough compared with explained cough. 

An improvement in cough symptoms with antifungal drug itraconazole has been reported in a 

controlled trial, suggesting that basidiomycetous fungi may cause cough rather than just colonise 

the airways.8 The association between cough and fungal infection has been termed fungal 

associated chronic cough (FACC). Further studies are needed to investigate the importance of 

environmental fungi in cough, particularly outside Japan.  

 

Advances in gastro-oesophageal reflux-cough     

GOR-cough is one of the most commonly reported causes of chronic cough. The cornerstone of 

therapy for GOR-cough is proton pump inhibitors (PPI). A recent Cochrane meta-analysis 

review has highlighted that whilst observational studies report a reduction in cough severity with 



 

6 

 

PPIs, a number of randomised controlled trials have not confirmed this.1  A limitation of the 

studies included in the Cochrane meta-analysis was that they contained small numbers of 

patients. Fathi and colleagues have recently reported a larger randomised controlled trial of 

esmoprazole in 56 patients with chronic cough and GOR and found that esmoprazole was not 

superior to placebo.9 The role of PPIs in chronic cough is questionable and a large multicentre 

study is needed to provide definitive guidance.   

 

The lack of benefit of PPIs for GOR-cough in some studies raises the possibility that non-acid 

(or weak acid) GOR may be more important than acid GOR. It has not been possible to study 

non-acid GOR in cough until recent advances in oesophageal impendence probe technology. 

Oesophageal impedance probes can differentiate solid, liquid and gaseous oesophageal contents 

from their electrical impedance characteristics. They can therefore detect non-acid GOR in 

addition to acid-GOR. The simultaneous development of cough monitoring devices has also 

contributed to the understanding of the relationship between GOR and cough. Oesophageal 

impedance studies of patients with chronic cough have found that the number of episodes of both 

acid and non-acid GOR are not raised compared to healthy subjects.10 Studies investigating the 

temporal relationship between episodes of non-acid GOR and cough have reported that GOR is 

causally related to cough in only a small number of patients.11 Furthermore, in patients with a 

positive GOR-cough temporal association, Smith et al found that a significant number of cough 

episodes were unrelated to GOR and therefore it is unlikely that amelioration of GOR will lead 

to resolution of cough.12 It is likely that combined oesophageal impedance-cough monitoring 

recordings will have a role in the investigation of patients with chronic cough in future. Further 
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studies are needed to determine the sensitivity and specificity of oesophageal impedance 

monitoring for establishing the diagnosis and predicting the response to therapy. 

 

Insights into the mechanisms of idiopathic chronic cough 

Clinical characteristics 

Up to 42% of patients with chronic cough remain unexplained in specialist clinics and they 

represent a significant challenge.13 The striking phenotype of patients with idiopathic chronic 

cough (ICC) suggests a unique underlying disorder. The defining features of ICC are patients 

with chronic cough duration greater than 8 weeks and negative investigations and therapeutic 

trials for asthma, GOR and rhinitis. Clinical examination, chest radiograph and spirometry by 

definition are normal. Patients are predominantly female, up to 80% in some reported series.14 

The onset of cough tends to be around the menopause.15 Many patients report an acute upper 

respiratory tract infection preceding the onset of chronic cough.13 Some patients report an 

irritation or “itch” in their throat preceding episodes of cough. Common triggers for cough 

include cold air, strong odors, eating, speech and exercise. Most patients find the cough 

distressing and have a significantly impaired health related quality of life.16 Symptoms of chest 

pain, stress related urine incontinence, sore throat, social embarrassment and adverse impact on 

family and partners are common.  

 

Idiopathic chronic cough and autoimmune disease 
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A case report of a patient with ICC and autoimmune disease and subsequent studies have led to 

the hypothesis that ICC may result from autoimmune airway inflammation in a subgroup of 

patients.17 A patient presenting with ICC was incidentally diagnosed with coeliac disease during 

investigations for cough. All respiratory investigations were normal other than a striking 

bronchoalvoelar lavage lymphocytosis. The cough and airway lymphocytosis resolved after a 

trial of gluten free diet. This observation led to the hypothesis that the cough may be associated 

with other organ specific autoimmune diseases and the mechanism may be homing of 

lymphocytes from primary sites of autoimmune inflammation (in this case bowel) to the lung. A 

subsequent case-control study confirmed that the prevalence of autoimmune disease was 8 times 

higher in ICC compared with matched controls.18 The most striking association was with 

hypothyroidism. A number of studies have since reported a bronchoalveolar lymphocytosis in 

patients with ICC.14;15 Not all patients with ICC had a history of autoimmune disease which 

raises the possibility that cough may be the first manifestation of autoimmune disease or due to 

an “autoimmune bronchitis.” The absence of significant lymphocytosis in most patients with an 

explained chronic cough suggests that airway lymphocytosis is unlikely to be caused by the 

mechanical effects of cough. The association between cough and autoimmune disease is also 

supported by a 2 to 3 fold increase in cough symptoms in patients with treated hypothyroidism 

compared with controls.19 Furthermore, studies investigating airway function of patients with 

hypothyroidism have found evidence of airway inflammation and heightened cough reflex 

sensitivity.20 A high prevalence of autoimmune disease has also been reported in patients with 

unexplained fixed airflow obstruction.21 These patients are also predominantly female but are 

significantly older than patients with ICC. An intriguing hypothesis is that airflow obstruction 
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may be a long term sequelae of ICC. Long term follow up studies of patients with ICC are 

needed to address this hypothesis. 

 

A change in airway T lymphocyte phenotype may be important in the pathogenesis of ICC in 

addition to increased numbers. An increase in CD4 to CD8 ratio has been reported in healthy 

women after they go through the menopause which may be important in the development of 

female predominant respiratory diseases such as cough.22 The impact of hormone replacement 

therapy in cough is not known and is worth investigating. Corticosteroid therapy is ineffective in 

patients with ICC and organ specific autoimmune disease since most will have had a trial of 

inhaled or oral corticosteroids. The example of ICC in the patient with coeliac disease suggests 

that therapy directed at reducing autoimmune lymphocytic inflammation in the primary site can 

effectively treat cough; this concept deserves further investigation. 

 

Cough hypersensitivity syndrome (CHS): the new paradigm for chronic cough 

Cough reflex hypersensitivity is a key feature in most patients with chronic cough.23 It can be 

assessed by a variety of tussive agents used in cough challenge tests agents such as capsaicin, 

citric acid, tartaric acid and fog. A wide range of environmental stimuli can trigger cough by 

activating cough receptors that sense heat, acid, stretch and noxious stimuli. There is evidence of 

increased cough receptor expression in the airways of patients with cough. Transient receptor 

potential vanilloid-1 ion channel (TRPV-1) is one example; it is expressed on airway c-nerve 

fibres and is important in capsaicin induced reflex cough.24 Cough reflex hypersensitivity can be 
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reversible when cough is caused by infection, eosinophilic airway diseases such as asthma and 

eosinophilic bronchitis and angiotensin converting enzyme inhibitor drug use. In most patients 

with chronic cough however, cough reflex hypersensitivity is persistent. Open label studies of 

therapies that down regulate neural activity such as amitriptyline and gabapentin show promise 

and have reported a reduction in cough severity.25 This needs to be investigated in a randomised 

controlled trial.  

 

The current diagnostic paradigm focuses on investigating the 3 most common causes of chronic 

cough: GOR, rhinitis and asthma. The prevalence of unexplained cough in many cough clinics is 

high despite heightened awareness of the optimal management of cough since the publication of 

several international guidelines. This has led some investigators to propose a new approach to 

cough is worth exploring.26 It is likely that a number of mechanisms may lead to cough such as 

cough reflex hypersensitivity, airway hyperresponsiveness, hypersecretion and inflammation. 

Some patients may have multiple mechanisms for cough. Patients with asthma or chronic 

obstructive pulmonary disease who cough provide support for this concept; only a subgroup have 

a hypersensitive cough reflex.23 This raises the possibility that the identification of cough reflex 

hypersensitivity may be useful. A new paradigm in which cough hypersensitivity is the key 

abnormality in chronic cough has been proposed (Figure 1).27;28 Cough hypersensitivity 

syndrome has been proposed as a term for patients with chronic cough associated with cough 

reflex hypersensitivity that cannot be explained by other causes (Table 2). This includes most 

patients with idiopathic chronic cough. It is likely that there will be many subgroups or 

phenotypes within CHS. The recognition of cough as a unique condition is likely to have a 
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positive impact on the evaluation of patients with chronic cough, in contrast to the current 

perception of cough as a symptom of other disorders such as GOR and rhinitis. Another benefit 

of this strategy is that it may lead to greater investment into researching why airway nerves are 

abnormal in cough and the identification of new targets for antitussive drug therapies. It is the 

author’s view that the evaluation of patients with unexplained airway symptoms should include 

an assessment of airway responsiveness, inflammation and cough reflex hypersensitivity in order 

to target therapy to the underlying mechanisms. This contrasts to the current clinical practice that 

largely involves investigation with non-specific tests and trials of therapy. A potential limitation 

of the evaluation of cough based on cough hypersensitivity is that it doesn’t determine the 

aetiology of cough. The investigation of the factors that sensitise the cough reflex remains a 

priority.  

 

Advances in cough outcome measures 

The assessment of cough has seen the most rapid and exciting developments in the last 5 years. 

The assessment of cough severity with validated tools is essential to the development of new 

therapies. Well established tools such as cough diary scores and visual analogues scales can now 

be complemented with health related quality of life (QOL) measures and objective cough 

monitoring. Although cough reflex testing has been used to determine the efficacy of drugs in the 

past due to the lack of objective tools, in future, it is more likely to be limited to the investigation 

of the mechanism of action of drugs.  
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QOL patient reported outcome measures 

Three well validated cough specific QOL questionnaires are available that can assess the patients 

perspective of living with cough. The Leicester Cough Questionnaire (LCQ), Cough Specific 

QOL Questionnaire (CQLQ) and Chronic Cough Impact Questionnaire (CCIQ) consists of 19, 

28 and 25 items respectively.16;29;30 The brevity of the questionnaires means that some important 

symptoms associated with cough are not featured. All 3 questionnaires are deliberately brief to 

be practical for clinical and research use. They are designed and validated to quantify QOL 

numerically with the least number of items and are not intended to identify all adverse impacts 

associated with cough as obtained with a detailed clinical history. The impact of adverse 

symptoms not featured in QOL questionnaires are captured by their influence on other important 

aspects of life and social well-being such as mood and embarrassment. Female patients report 

worse QOL compared with males when assessed with the LCQ or CQLQ and the reasons for this 

are unclear.31 The minimal important differences (MID) for the LCQ and CQLQ are 1.3 and 22 

(maximum possible changes 18 and 84 respectively).32;33  The MID for the CQLQ is 

proportionately larger than that for the LCQ. The MID for the LCQ was determined by 

methodology commonly used by QOL experts, in which patients were asked to rate the change in 

their health related QOL using global change rating scales.34 The CQLQ MID was determined by 

asking patients to rate their QOL at two separate visits on visual analogue scales known as the 

Punum ladder rather than asking patients to rate the change in QOL. The differences in the MID 

between the 2 instruments are likely to result from the methodology used. The definition of the 

MID using the Punum ladder encompasses a larger change in QOL than that of the global change 

rating scales.  The initial experience of using the LCQ and CQLQ in randomised controlled trials 

has been positive. Both questionnaires were practical, had good completion rates and the data 
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was clinically meaningful.35 They are likely to be standard end points in clinical trials and may 

help to obtain regulatory approval for new antitussive drugs. 

 

Cough frequency monitors 

The recent advances in sound recording devices and improved battery life have led to the 

development of a number of cough monitoring devices.12;36-38 Many monitors are not validated 

or commercially available and represent work in progress. It is difficult to review and compare 

the characteristics of cough monitors because of the lack information or publications relating to 

validation and accuracy. The Leicester Cough Monitor (LCM) is an automated cough monitor 

that comprises of a MP3 recorder and a microphone.36;39 It measures cough frequency in the 

patients’ own environment. It has a sensitivity and specificity of 91% and 99% respectively for 

detecting cough in patients with chronic cough. The LCM was independently tested against 24-

hour cough recordings analysed manually and compared favourably (correlation coefficient r = 

0.97).40 Coughcount is another automated, sound based cough monitoring system.38 Coughcount 

has not been validated in patients with chronic cough in their own environment; further studies 

are needed to address this. The VitaloJak is a sound based cough monitor that requires manual 

analysis of cough recordings.12 This is likely to be a labour intensive process even with 

customized editing software. The cough analysis with this method is likely to be accurate 

because coughs are manually verified. The LCM and VitaloJak have been the most evaluated 

cough monitoring systems in patients with chronic cough and report a very similar range of 

cough frequency data.  
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Cough frequency monitors have a number of characteristics that suggest they are likely to be 

valuable in the clinic and research. Cough frequency is a reported to be repeatable and 

responsive outcome measure and therefore could be used to assess the efficacy of therapeutic 

trials.41 Cough frequency in healthy subjects is very low compared with patients with chronic 

cough. Cough monitors can therefore be used to validate the presence of abnormal cough. Recent 

clinical trials in chronic cough using cough monitoring outcome measures have demonstrated the 

feasibility of using this technology to assess drug therapy.42 It is likely that positive cough 

monitoring data will provide strong support for regulatory approval of antitussive drugs in future. 

 

Antitussive therapy 

A number of randomised controlled trials have recently been performed in patients with chronic 

cough; they represent a new era of cough research. The advances in the development of cough 

outcome measures have facilitated these studies. Morphine, codeine, erythromycin, 

esomeprazole, itraconazole, zafirlukast and nociceptin opioid like receptor agonists (NOP1) are 

amongst some of the drugs that have been evaluated in patients with chronic cough.8;9;35;42-44 

Many lessons have been learned from these studies. Both QOL and objective cough monitoring 

tools are practical tools and necessary to capture the overall impact of a therapy on cough. The 

placebo response is significant and therefore needs to be considered in the study design. The 

ideal group of patients to evaluate an antitussive drug are those with an unexplained chronic 

cough rather those with a chronic cough due to other respiratory diseases such as asthma or 

chronic obstructive pulmonary disease. The mechanism of cough in the latter group is likely to 

differ significantly and may therefore respond differently to therapy. The recruitment of patients 
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with unexplained chronic cough into trials has not presented any significant problems and this 

condition represents a large market and unmet clinical need.  

 

The development of pharmacological therapies for cough can be broadly divided into 2 

categories: direct and indirect antitussives. Morphine is thought to act directly on the cough 

reflex. It has been shown to reduce cough severity in patients with idiopathic chronic cough.35 

The mechanism of action is thought to be central since it did not reduce peripheral cough reflex 

hypersensitivity. The use of morphine is limited due to its side effects and risk of dependence. 

Codeine is another direct antitussive drug. It has not been evaluated in a randomised controlled 

trial in patients with chronic cough. In patients with subacute post viral cough and COPD, it is 

ineffective.44;45 The NOP1 agonist SCH486757 has antitussive properties in animal models and 

is thought to have fewer side effects compared to conventional opiates. In a randomised 

controlled trial in patients with a post viral subacute cough, the NOP1 agonist was not superior to 

placebo or codeine.45 Indirect antitussive drugs include those that suppress the cough reflex 

indirectly such as drugs with anti-inflammatory activity. The leukotriene antagonist, Zafirlukast, 

has been shown to reduce cough hypersensitivity and is recommended for treatment of cough 

variant asthma.43 Erythromycin, an inhibitor of neutrophilic inflammation was ineffective at 

reducing cough severity in patients with idiopathic chronic cough.[ref] Airway inflammation is 

an important mechanism of cough in animal models but in humans, its importance is unclear 

with the exception of corticosteroid therapy for eosinophilic bronchitis. The development of 

antitussive drugs in future should perhaps focus more on direct pathways, particularly the airway 

nerves.  
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There are non-pharmacological therapeutic options for patients with cough. A speech and 

language program designed to suppress cough and reduce vocal cord dysfunction and voice 

abnormalities was highly effective.[ref] This should  be recommended for patients with 

unexplained chronic cough until effective pharmacological therapies are available.   

Conclusions 

We now have the tools to do high quality research studies and clinical trials to address areas of 

uncertainty in cough. Clinicians and researchers have an exciting opportunity to explore new 

approaches to cough and develop much needed antitussive drug therapy. This will require raising 

the profile of cough amongst research funders, the pharmaceutical industry and patients.   
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Table legends 

 
Table 1. Uncommmon chronic cough causes/associations 
 
Table 2. Cough Hypersensitivity Syndrome: features  
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Figure legends 
 
Figure 1. An approach to the evaluation of airway symptoms: a role for cough reflex  
 
Hypersensitivity. 
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Table 1. Uncommmon chronic cough causes/associations 
 
 

 
Obstructive sleep apnoea 

 
Snoring 

 
Ear wax (Arnold’s reflex) 

 
Tonsillar enlargement 

 
Autoimmune disease (hypothyroidism) 

 
Hereditary sensory polyneuropathy 

 
Basidiomycetous fungi 

 
Tracheobronchopathia osteochondroplastica 
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Table 2. Cough Hypersensitivity Syndrome: features 
 
 

 
Chronic cough duration > 2 months 

 
Minimal or no sputum production 

 
One of more cough reflex triggers                                                                                                     

(cold air, speech, eating, odors such as perfumes) 
 

Urge to cough (tickle or itch) located in throat area 
 

Adverse impact of cough on QOL 
 
 
 

Positive cough reflex challenge test (e.g. capsaicin) 
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Figure 1. An approach to the evaluation of unexplained airway symptoms: a role for cough  
 
reflex hypersensitivity. 
 
 

 
 
 

  Cough reflex hypersensitivity can co-exist with airway inflammation and 

hyperresponsiveness in conditions such as asthma and COPD. Cough hypersensitivity 

syndrome has been proposed as a term for patients with unexplained chronic cough and 

cough reflex hypersensitivity.  




