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Abstract 

Reynolds, Jane, Ph.D., Fall 2022,  Speech-Language-Hearing & Occupational Sciences 

The Effect of Attentional Manipulation on Cough Reflex Sensitivity in Patients with Cough 

Hypersensitivity Syndrome. 

Chairperson: Laurie J. Slovarp, Ph.D., CCC-SLP 

 The cough reflex is complex and requires integration of sensorimotor information from 

the central and peripheral nervous system. Cough motor output can be volitionally modified even 

when a strong urge-to-cough (UTC) is felt which reinforces the idea of cortical involvement in 

cough and opens the door to consider how manipulating attention or changing cognitive load 

may impact cough reflex sensitivity. Two prior studies have shown healthy individuals have 

reduced cough reflex sensitivity to inhaled tussigenic stimulants when completing a distracting 

task, presumably due to influence from increased cognitive load. In this prospective case series 

study, 13 patients with cough hypersensitivity syndrome completed cough challenge testing with 

capsaicin with and without a distracting task at the University of Montana between April and 

July 2022. It was hypothesized that similarly to healthy individuals, patients would have reduced 

cough reflex sensitivity when cognitive load was increased. Contrary to this prediction, there was 

no statistically significant difference in cough frequency or UTC when comparing the control 

condition (i.e., cough challenge testing only) to the experimental condition (i.e., cough challenge 

testing plus a concurrent cognitive task). The results point toward a high level of individual 

variability in cough reflex sensitivity in patients with cough hypersensitivity syndrome. 

Additional research including testing a healthy control group with this study’s procedures is 

needed to strengthen the interpretation of results. Conclusions and implications for future work 

are provided. 
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Chapter One: Introduction 

“In matters of health and illness, it is difficult to imagine a more fundamental process 

than by which we perceive, interpret, and act on the information from our own bodies” (Cioffi, 

1991, p. 25). An individual’s awareness of an internal state (i.e., interoception) is often the 

precursor to actions such as eating to satisfy hunger, drinking to quench thirst, and coughing to 

satisfy the “urge-to-cough” (UTC). A deeper examination of the intersection between 

interoception and behavioral response may be the key to unlocking the mechanisms behind 

certain conditions with enhanced somatosensory experiences such as chronic pain and cough 

reflex hypersensitivity (Davenport, 2008; Gracely et al., 2007; Pennebaker, 1980).  

Cough hypersensitivity syndrome (CHS) is a condition characterized by enhanced cough 

reflex sensitivity (CRS) that affects at least 4.5 million people in the United States each year 

(Irwin, et al., 2018; Song et al., 2015). Interestingly, individuals with CHS can modify their 

response to interoceptive information by suppressing or modulating their cough response even 

when feeling a very strong UTC (Hutchins, 1993; Eccles, 2009; Hegland, 2011, 2012; Lee, et al., 

2002). This phenomenon implicates activation of higher-level brain processes in coughing and 

functional brain imaging studies confirm coughing in awake individuals is not a stereotypic (i.e., 

brainstem-mediated) reflex (Davenport, 2008; Mazzone et al., 2007). To date, the nuances of 

how higher-level brain activity such as attention (i.e., allocation of cognitive processing 

resources) may impact CRS is poorly understood (Canning et al., 2014; Davenport, 2008; Eccles, 

2009; Mazzone, 2021, Troche et al., 2014). A better understanding of how cognitive resources 

are allocated to process and respond to the sensations that precede coughing may offer a lens into 

the mechanisms behind cough reflex hypersensitivity and provide insights for novel treatment 

pathways (Davenport, 2008; Gracely et al., 2007; Pennebaker, 1980). 
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There is a strong correlation between the intensity of the sensation of needing to cough, 

termed the urge-to-cough (UTC) and sensitivity of the cough reflex (Davenport et al., 2002). 

Because the UTC sensation frequently precedes the cough event (Ando et al., 2016; Davenport et 

al., 2002; 2007; Mazzone et al., 2007; Singh et al., 2020), it follows that “any factors hindering 

or promoting the processing of cough-related sensations should determine, in part, whether a 

cough occurs” (Pennebaker, 1980, p. 84). A small body of research has shown that manipulating 

attention can modify the perception or awareness of the UTC and decrease cough reflex 

sensitivity in healthy individuals (Janssens et al., 2014; Perry & Troche, 2019). This is 

significant because if manipulating how a person attends to the UTC can change the intensity of 

the perceived sensation and the cough response, this may offer an avenue to enhance treatment 

for patients with CHS.   

In this study, 13 patients with CHS participated in cough challenge testing with capsaicin 

under two conditions. In the control condition they were asked to cough if they needed to and to 

rate the maximal UTC felt in that trial. In the experimental condition the same concentrations of 

capsaicin were delivered and participants completed a visual working memory exercise (2-back 

task) on an iPad concurrently with the CRS testing. Cough frequency and UTC ratings were 

compared between the two conditions to investigate the effect attentional manipulation may have 

on CRS. Findings from this study have the potential to help expand on the mechanistic 

understanding of cough reflex hypersensitivity and may provide insights into novel avenues for 

CHS treatment. 

Background 

Cough has a significant socioeconomic burden in the United States, with the total cost for 

initial visits (excluding medications and repeat office visits) estimated to be at least 27.7 million 
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in Medicare dollars annually (CDC, 2018; Slovarp et al., 2021). From 2008-2016, cough ranked 

as the number one symptom for which patients sought ambulatory medical attention (CDC, 

2008-2016). Chronic cough, a cough lasting longer than eight weeks (Irwin et al., 2006), affects 

approximately 11% of the United States population (roughly 13.5 million people) at any given 

time (Song et al., 2015). Unfortunately, as many as 12% of chronic cough cases in the United 

States do not respond to the typical medical treatments for common causes of chronic cough 

(e.g., rhinosinus conditions, asthma, gastroesophageal reflux disease, nonasthmatic eosinophilic 

bronchitis), or combinations of these conditions and are characterized as “refractory” to medical 

treatment (Irwin et al., 2018). This condition is commonly labeled refractory chronic cough or 

“RCC” (Chung & Pavord, 2008; Gibson et al., 2016; Haque et al., 2005; Irwin et al., 2006; Poe 

et al., 1989).  

The physical and psychosocial impacts of RCC on daily life have been found to be 

greater than that of stroke and Parkinson’s disease (Song et al., 2013). Coughing bouts can 

plague patients every hour of every day and invoke a wide range of symptoms. Coughing often 

interferes with daily activities including answering the phone, eating, and sleeping (Irwin, 

2006). Patients with RCC tend to lack support and sympathy from others about their condition 

(Brignall et al., 2008) and as many as 53% are symptomatic for clinical depression (Dicpinigaitis 

et al., 2006; McGarvey et al., 2006). Table 1 includes the most common adverse symptoms 

associated with chronic cough. 
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Table 1 

 

Commonly Reported Adverse Symptoms Associated with Chronic Cough 

Physical Psychological Social 

Syncope Depression Relationship tensions 

Vomiting Anxiety Fear of public places 

Chest pains Embarrassment Avoidance of social events 

Hoarse voice Frustration Interference with work 

Headache  Interruption of telephone calls 

Incontinence  Interruption of meals 

Hernia   

Sleep deprivation   

 

Note. Adapted from Irwin (2006)  

 

For unknown reasons, RCC disproportionately affects women nearly three times as often 

as men (Ford et al., 2006; French et al., 2004, 2005). One proposed explanation for this 

gender disparity is that women have greater health-related quality of life impacts due to physical 

symptoms related to coughing (e.g., urinary stress incontinence) compared to men, resulting in 

women seeking medical treatment more often than men (Dicpinigaitis, 2021; French et al., 

2005). In addition, women with chronic cough have increased CRS to tussigenic challenges 

compared to men (i.e., women cough more and at lower doses of a cough stimulant (Kastelik et 

al., 2002).  

Burgeoning evidence suggests the etiology of RCC is hypersensitivity of the cough 

reflex, referred to as cough hypersensitivity syndrome or CHS (Chung, 2011, 2014; Chung et al., 

2016; Driessen et al., 2017; Morice, 2013; Morice et al., 2011). CHS is a distinct clinical entity 

characterized by laryngeal parasthesia (e.g., sensation of irritation in the throat), hypertussia 

(e.g., sensitized cough reflex) and allotussia (e.g., coughing in response to typically non-
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tussigenic stimuli such as talking, laughing, cold air, crumbly foods, and odors; Chung, 2011; 

Chung et al., 2016; Driessen et al., 2017; Morice et al., 2011; Singh et al., 2020). CHS does not 

improve with traditional medical treatment (Gibson & Vertigan, 2015; McGarvey, 2013) and 

shares many similarities with chronic pain (Adcock, 2009; Ando et al., 2016; Mazzone, et al., 

2009). While the cause of CHS is unknown, it is suspected that a mechanism related to acute 

viral or allergy exposure, or chronic conditions such as asthma or chronic obstructive pulmonary 

disease (COPD), contributes to an inflammatory response that leads to excessive coughing and a 

chronic sensation of airway irritation (Ando et al., 2016; Chung, 2014).  

Capsaicin cough challenge testing (CCT) is a common way to assess CRS (Boulet et al., 

2015; Cho et al., 2019; Irwin, 2006; Morice et al., 2001). By administering very small doses of 

diluted capsaicin via inhalation through a nebulizer, researchers can test an individual’s CRS by 

measuring the number of coughs produced from the concentration and the individual’s self-

reported UTC. Unsurprisingly, patients with CHS have heightened CRS with capsaicin cough 

challenge testing compared to healthy individuals (Choudry, 1992).   

It is currently unknown whether hypersensitivity of the cough reflex is related to 

dysfunction in the peripheral or central nervous systems, or both (Chung, 2011; Driessen et al., 

2017; Farrell & Mazzone, 2019). A growing body of work is focused on understanding 

mechanisms involved in how the UTC is processed as this may help to unlock avenues for 

improved treatment (Davenport, 2008, 2009; Davenport et al., 2007; Farrell et al., 2012; 

Mazzone et al., 2007). Peripherally, sensitization of the cough reflex is correlated with increased 

expression of transient receptor potential vanilloid subtype 1 (TRPV1), a capsaicin-sensitive 

membrane protein found on vagal airway afferent C-fibers (Adcock, 2009; Lee & Gu, 2009). 

Centrally, functional magnetic resonance imaging (fMRI) studies have revealed neuroanatomical 
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landmarks important for processing the UTC elicited by capsaicin inhalation in healthy 

individuals. These studies show activation of cortical motor, sensory, and cognitive landmarks, 

as well as subcortically, the thalamus, limbic system, and brainstem (Farrell et al., 2012; 

Mazzone et al., 2007). To date, no fMRI studies have been conducted on patients with CHS so it 

is unknown how higher-level brain activation for processing the UTC may differ in this patient 

population.  

A small body of behavioral research examining volitional control of the cough reflex 

reveals how attentional manipulation may modulate cough reflex sensitivity (Hegland et al., 

2012; Hutchings et al., 1993; Janssens et al., 2014; Perry & Troche, 2019, 2021). Studies have 

shown that even with a very strong UTC, the cough output can be made smaller, longer, muffled 

(Hegland et al., 2012), or entirely suppressed (Hutchings et al., 1993). This phenomenon plays 

out in daily life in social situations where coughing may be socially undesirable such as in a 

concert hall, and likely has its evolutionary roots in the need to stifle a cough when hiding from a 

predator (Gracely et al., 2007).  

Interestingly, social, behavioral, and environmental factors can influence coughing (Gracely 

et al., 2007; Pennebaker, 1980). For example, in a university lecture hall setting, when a 

researcher posing as a student coughed a few times, suddenly people in their vicinity also began 

to cough. It was also noted that students coughed more when they described the lecture content 

as “uninteresting,” and coughed less when more engrossed in an engaging learning experience 

(Pennebaker, 1980). In another observational study, adolescents with asthma completed a citric 

acid cough challenge test where they were told they were completing a “taste test” of various 

lemon flavors, or they were completing an “airway hyperresponsiveness” test because of their 

asthma diagnosis. The participants in the group where their asthma diagnosis was made salient to 
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the focus of the study coughed significantly more and reported increased UTC sensations 

compared to the “taste test” group who were given the same citric acid concentrations (Rietveld 

et al., 2000).  

Out of these works emerged a theory that more focus on an interoceptive (i.e., internal 

somatosensory experience) versus an externally focused state could impact the salience of 

respiratory sensations and effect coughing behaviors (Janssens et al., 2014; Pennebaker, 1980). 

Because humans have a unique experience with consciousness and perception, it is natural to 

think that beliefs, memories, and experiences could influence the perception and awareness of 

sensations from the body differently based on the context (Cioffi, 1991; Gracely et al., 2007; 

Pennebaker, 1980; Pennebaker & Skelton, 1981; Rietveld et al., 2000). Several researchers have 

taken aspects of these ideas into the lab to test the premise that attention impacts the cough 

reflex.  

Two studies have demonstrated that when manipulating attention, CRS decreases in 

healthy individuals and there is an apparent prioritization of performance to the cognitive task 

(Janssens et al., 2014; Perry & Troche, 2019). One additional study has applied the same 

methodological framework in patients with Parkinson’s disease and found that CRS did not 

change with attentional manipulation (Perry & Troche, 2021). This small group of studies 

provides momentum for the theoretical framework guiding the proposed study. Investigation into 

the effects of attentional manipulation on CRS in patients with CHS could contribute to a deeper 

understanding of the central mechanisms involved in cough reflex hypersensitivity and provide 

direction for further exploration of treatments. 
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Statement of the Problem 

There is a lack of understanding of how attentional manipulation may impact CRS in 

patients with CHS. While neural cough networks are being mapped by fMRI and the biological 

mechanisms involved in the cough reflex continue to be investigated in animals and humans, a 

better understanding of how interoceptive awareness of the UTC influences CRS and therefore 

modulates higher-level cortical influences on cough. Existing studies show attentional 

manipulation can influence CRS in healthy individuals, but this phenomenon has never been 

studied in individuals with CHS. If there is an effect of manipulating attention on CRS, it may 

have significant implications for future work exploring the application of exogenous factors such 

as distraction or mindfulness training in the treatment of CHS.  

Purpose  

The purpose of this study was to investigate the role of attentional manipulation on CRS 

in patients with CHS to provide insight into the possible mechanisms modulating cortical 

influences on the cough reflex.  This quantitative quasi-experimental case series study was the 

first to investigate the effects of attentional manipulation on CRS in this patient population. 

Research Questions and Hypotheses 

Research Question 

What is the effect of attentional manipulation on CRS in patients with CHS?  

Hypothesis  

H1: Performing a cognitive task during capsaicin cough challenge testing (i.e., attentional 

manipulation) will result in significantly decreased CRS compared to the control condition. 

Ho: There will be no difference in CRS between the experimental and control conditions. 
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Chapter Two: Literature Review 

The Cough Reflex 

Biologically, coughing serves as an important protective mechanism by clearing the 

airways and lungs of aspirate material, inhaled particulate matter, secretions, and irritants 

(Brooks, 2011; Canning et al., 2014; Harris & Lawson, 1968; Irwin et al., 1998; McCool, 2006; 

McCool & Leith, 1987; Morice et al., 2020; Widdicombe et al., 2011). Coughing involves three 

respiratory phases-- inspiration, compression, and expulsion (Bucher, 1958; McCool, 2006; Ross 

et al., 1955; Widdicombe et al., 2011). In the inspiratory phase, gas is brought into the lungs 

which physically lengthens the inspiratory muscles and creates positive pressure in the lower 

airway. In the compressive phase, the glottis (i.e., vocal folds) closes for at least 0.2 seconds 

which increases positive pressure below, driving a more forceful expulsion of gas out of the 

airway when the glottis opens (McCool, 2006; McCool & Leith, 1987; Whittenberger & Mead, 

1952; Yanagihara et al., 1966).  

The cough reflex begins when chemical or mechanical input stimulates vagal afferent 

fibers located both within and outside the respiratory tract (Canning, 2010; Canning et al., 2006; 

Karlsson, 1996; Widdicombe, 1998). These vagal afferents converge in the nucleus of the 

solitary tract (nTS) of the medulla where there is a distinct organization of the afferent fibers into 

subunits-- the jugular (superior) and nodose (inferior) ganglion regions (Atsumi et al., 2020; 

Kalia & Mesulam, 1980a, 1980b; Kollarik et al., 2019; Kubin et al., 2006; Mazzone & Canning, 

2002; Moe et al., 2021). Release of neurotransmitters at synapses between the projecting vagal 

afferents and the second-order neurons in the nTS can lead to generation of cough motor output 

via adjacent brainstem nuclei, as well as project to higher brain regions involved in cough 



 

 
 

10 

 

perception and modulation (Canning, 2010; Canning et al., 2014; Mazzone et al., 2009; Mazzone 

et al., 2005; Mazzone & Undem, 2016).  

Two distinct types of vagal afferent fibers known as A-fibers and C-fibers are thought to 

be the primary mediators of the cough response. A-fibers are primarily derived from nodose 

neurons and respond to mechanical forces (Mazzone & Undem, 2016). The A-fibers with the 

slowest conduction velocity, A-fibers, play a critical role in the cough reflex. A-fibers are 

axons of myelinated neurons that are sensitive to mechanical stimulation and rapid acidification 

but are relatively insensitive to other chemical stimuli (e.g., capsaicin; Canning et al., 2004, 

2014; Kollarik & Undem, 2002; Mazzone & Undem, 2016). A-fibers terminate almost 

exclusively in the extrapulmonary bronchi, trachea, and larynx in guinea pigs and are activated 

by static and dynamic changes of lung volume and pressure. Even in anesthetized states, 

stimulation of A-fibers with topical application of citric acid to the airway epithelium causes a 

strong cough response in guinea pigs (Canning et al., 2004). Because of this response, these 

fibers likely play a role in mediating the inspiratory and expiratory phases of the cough reflex in 

response to foreign body aspiration and excessive secretions (Canning et al., 2014; Kubin et al., 

2006; Morice et al., 2014; Widdicombe, 1996). 

The other type of vagal afferents important for mediating cough are C-fibers which are 

nearly eight times as prevalent as A-fibers (Mei et al., 1980). In mice and guinea pigs, the 

majority of C-fibers project from the jugular ganglia and terminate in the extrapulmonary 

bronchi, trachea, and larynx (Ricco et al., 1996). C-fibers are unmyelinated and express receptors 

that enable them to respond to a wide array of chemical stimuli (e.g., capsaicin, bradykinin, 

ozone, allyl isothiocyanate, prostaglandin E2, adenosine, adenosine triphosphate, nicotine, and 

many cytokines; Mazzone & Undem, 2016). C-fibers are also excited by large mechanical 
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deformations, lung edema, or increased temperature (Karlsson, 1996; Kubin et al., 2006). 

Because of their recruitment during noxious stimuli, C-fibers are classified as nociceptors and 

are highly relevant to studying the cough reflex in humans because they are sensitive to capsaicin 

(Mazzone & McGarvey, 2021). 

Chemical mediators that evoke generator potentials in C-fibers act via ionotropic 

receptors including transient receptor vanilloid-subtype 1 (TRPV1), TRP ankyrin-subtype 1 

(TRPA1), and P2X receptors (Mazzone & McGarvey, 2021). These receptors consist of ion 

channels that are opened in response to binding of specific ligands such as capsaicin or ATP. It is 

thought that these receptors are important for eliciting a response to both endogenous stimuli 

(e.g., mucosal inflammation) and exogenous irritants (Canning et al., 2004; Mazzone & Undem, 

2016). Because of their function, these receptors have received targeted attention as possible 

cough treatment targets (Mazzone & McGarvey, 2021). 

Of these receptors, the capsaicin-sensitive TRPV1 has received the most focus in cough 

research (Lee et al., 2011). TRPV1 is a membrane protein with four subunits which form a non-

selective, Ca2+ preferring, cation channel, that becomes activated by chemical ligands such as 

capsaicin, acid, heat, and certain arachidonic acid derivatives (Caterina et al., 1997; Du et al., 

2019). TRPV1s are expressed primarily in C-fibers (Ho et al., 2001), and expression can be 

induced or upregulated following chronic airway inflammation (Watanabe et al., 2008). Airway 

biopsy studies in humans with chronic cough have shown, through immunostaining techniques, 

significantly increased expression of TRPV1 in the airway epithelium and a significant positive 

correlation between capsaicin-evoked cough response and the number of TRPV1-positive 

neurons in these patients (Groneberg et al., 2004). The sensitization of the TRPV1 receptor 
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“could hold the key” to understanding hyperalgesia mechanisms present in CHS and chronic 

pain (Adcock, 2009, p. 69).  

Connections Between Sensitized Cough and Pain  

While the exact mechanism behind this heightened upper airway sensitivity is not known, 

there are distinct clinical features of CHS that reflect many of the same mechanisms underlying 

chronic pain (Chung, 2011, 2014; Mazzone & Undem, 2016; L. McGarvey & Gibson, 2019; 

Morice, 2013; Vertigan & Gibson, 2010). For example, patients with CHS often have laryngeal 

parasthesia (e.g., sensation of throat irritation), hypertussia (e.g., stronger cough reactions to 

cough stimulants) which is similar to hyperalgesia, and allotussia (e.g., coughing in response to 

typically non-tussive stimuli such as cold air and odors) which mimics allodynia (Ando et al., 

2016; Chung, 2014; Song & Morice, 2017; Vertigan & Gibson, 2010). Because of these 

similarities, a general understanding of the airway afferents important for mediating the cough 

reflex is needed to better understand the mechanisms which may drive CHS (Mazzone & 

McGarvey, 2021).  

In chronic inflammatory pain, peripheral nervous system dysfunction often occurs 

following tissue damage when inflammatory mediators, (e.g., cytokines, chemokines, growth 

factors, and lipids), released by immune cells, enact changes in the activity and sensitivity of 

vagal afferent fibers (Kidd & Urban, 2001). Modulation of neuronal activity (e.g., changes in 

vagal afferent behavior such as increased frequency of C-fiber signaling) may lead to changes in 

the refractory period following an action potential event, as well as changes in membrane resting 

potential (Campbell & Meyer, 2006). Any of these disruptions from the typical signaling pattern 

could contribute to the peripheral sensitization with tonic activation of TRPV1 found in pain 

pathways (Campbell & Meyer, 2006; Kocot-Kępska et al., 2021; Latremoliere & Woolf, 2009; 
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Staud, 2010). Similar mechanisms including tonic activation of TRVP1 are hypothesized to also 

be present in CHS (Adcock, 2009).  

Sensitization of the cough reflex may also occur at the peripheral level with C-fiber 

sensitization (Sarkar et al., 2001). For example, inflammatory processes involved in acute viral 

or allergy exposure, or chronic conditions such as asthma or chronic obstructive pulmonary 

disease (COPD), may contribute to excessive coughing and the increased sensation of airway 

irritation (Ando et al., 2016; Chung, 2014). This may drive changes in the vagal C-fibers 

modulating the efficacy of large numbers of synapses and lead to C-fiber sensitization, and 

possibly explain why typically non-tussigenic stimuli (e.g., cold air, odors) evokes coughing in 

CHS (Gracely et al., 2007). 

Another pain mechanism that may help explain why patients with CHS cough in response 

to typically non-tussigenic stimulants is referred sensation. In referred pain, pain is perceived at 

sites distant from the site of injury and afferent nerve stimulation. An example of this is dental 

pain that may precede cardiac arrest (Murray, 2009). It is hypothesized that when the visceral 

nociceptive nerves (e.g., from the heart) converge on dorsal horn neurons also receiving specific 

somatosensory input from other sites in the body (e.g., the teeth), transmitters released from the 

converging nociceptors may lead to long-lasting changes in the secondary neurons leading to a 

synaptic sensitization and ambiguous localization of the actual pain stimulus (Giamberardino et 

al., 2010; Murray, 2009; Sarkar et al., 2001).  

Referred sensitization has been linked to allodynia where pain is evoked by a typically 

non-painful stimulus like a light brushing of the arm (Campbell & Meyer, 2006). In an example 

important to cough, referred sensation may explain the phenomenon known as Arnold’s reflex. 

In approximately 2% of the general population, when the wall of the external acoustic meatus of 
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the ear is stimulated, this results in coughing (Tekdemir et al., 1998). It may be possible that 

laryngeal parasthesia (e.g., UTC sensation or throat irritation) generated in response to non-

tussigenic stimuli (e.g., talking, laughing, cold air) is another example of a referred sensation 

mechanism (Gracely et al., 2007; Sarkar et al., 2001; Widdicombe, 2008). 

Plausibly, in pain or cough, sensitized peripheral input may also drive changes in the 

central nervous system. If there is persistent sensory nerve signaling on second order neurons in 

the brainstem for example, this could invoke changes in sensory neuron excitability and their 

projections (Coderre et al., 1993; Latremoliere & Woolf, 2009; Mazzone et al., 2005). Another 

theory of sensitization in the pain literature that overlaps with cough highlights the role of 

potentially dysfunctional descending inhibitory cortical pathways to exert a suppressive effect 

(Canning et al., 2014; Gracely et al., 2007). While there is evidence of involvement of the PNS 

and the CNS, the degree to which each contributes to hypersensitization of the cough reflex is 

unknown (Ando et al., 2016; Chung, 2011, 2014; Driessen et al., 2017). 

Higher-Level Brain Influence on Cough  

Early observational studies in comatose patients highlighted the role of consciousness 

and the brainstem-mediated cough reflex. Patients in a deep comatose state due to drug or 

alcohol intoxication have been observed not to have reflexive cough in response to mechanical 

airway stimulation (e.g., suctioning, endotracheal tube placement without anesthesia; Moulton & 

Pennycook, 1994), which is hypothesized to be due to depression of the cough-control areas in 

the brainstem (Eccles, 2009). In contrast, patients in a coma due to traumatic brain injury often 

were observed to have a normal cough reflex (Moulton & Pennycook, 1994), which likely meant 

that the brainstem-mediated centers were intact in these patients, allowing for functioning of the 

cough centers (Eccles, 2009). Similarly, the cough reflex is still present under light surgical 
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anesthesia, which is again inferred to be linked to preservation of brainstem activity leaving the 

cough center intact (Calvert et al., 1966; Eccles, 2009).  

If this predictable “input→output” stimulus and response pattern was seen equivalently in 

awake and conscious states, all coughing could be classified as “involuntary” and be compared 

to other stereotypic reflexes such as the knee-jerk reflex (Boes, 2014; Lazar, 2022). However, 

evidence from clinical studies in humans supports a different theoretical framework of cough 

given the ability to volitionally modify cough output (Hegland et al., 2011, 2012; Hutchings, 

1993). These studies implicate higher-level cortical and subcortical processes in modulating the 

cough response and position cough in a similar category with other visceral reflexes that involve 

higher cortical control including swallowing, belching, urinating, and defecating (Davenport, 

2008; Farrell et al., 2012; Hegland et al., 2012; Irwin et al., 2006; Mazzone et al., 2009).  

Evidence for volitional modulation of cough in humans largely comes from studies where 

inhalation of an airway irritant such as capsaicin was used to elicit an UTC sensation. In studies 

where suprathreshold levels of inhaled capsaicin were delivered, even when participants were 

not able to suppress coughing due to the strength of the stimulus, participants could consistently 

and intentionally modulate the cough output by making it smaller, longer, or produce an 

alternative behavior (e.g., partially close the mouth to alter the exhalation) on command 

(Hegland et al., 2012). Because humans can modify cough motor output in response to very 

strong sensory input, this implicates higher-level cortical control (Hegland et al., 2012; 

Hutchings et al., 1993; Mazzone et al., 2009). 

 Mapping cortical involvement in cough has been explored in animal studies where the 

neural afferents are traced through the brainstem into subcortical and cortical areas using 

recombinant neurotropic viruses. These studies have revealed two distinct circuits that reflect the 
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continuation of the distinct nodose and jugular airway afferent organization into the cortex 

(McGovern et al., 2015; Nassenstein et al., 2010). The nodose intrapulmonary airway afferents 

(e.g., from the lungs) converge in traditional visceral thalamic nuclei (e.g., ventral 

posterormedial parvocellular thalamus) and are hypothesized to project onto the visceral sensory 

processing areas of the insula cortex (Cechetto & Saper, 1987; McGovern et al., 2015). In 

contrast, the afferent inputs from the jugular extrapulmonary airways (e.g., trachea and larynx) 

project to general somatosensory regions in the thalamus and are suspected to be processed in 

somatosensory regions in the cortex (McGovern et al., 2015a, 2015b). In humans, these specific 

circuits are difficult to distinguish using functional brain imaging studies because of spatial 

resolution limitations. What functional magnetic resonance imaging (fMRI) studies can show is 

involvement of the primary sensory, anterior and mid insula, cingulate, premotor, motor, and 

orbitofrontal cortices, as well as thalamic, medullary, and pontine regions in the processing of 

capsaicin-induced urge-to-cough sensations (Farrell et al., 2012; Mazzone et al., 2007). 

UTC: The Link between Perception and Action in Cough 

Because it is difficult to experimentally study vagal afferent systems in humans, the internal 

experience of the UTC sensation and its intensity may provide critical insights into the complex 

integration of sensorimotor information involved in cough (Widdicombe, 2008). In 2002, Paul 

Davenport and colleagues first coined the respiratory sensation of irritation that precedes the 

motor event of coughing as UTC and found when patients inhale increasing doses of capsaicin, 

the UTC sensation increases. Across multiple studies, the same researchers found UTC sensation 

typically precedes cough; therefore, they hypothesized UTC is likely initially a sensory 

perception of airway irritation that is transformed into an “urge” driving the brain motivation 

system mediating cognitive response to cough stimuli (Davenport, 2008, 2009; Davenport et al., 
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2009a, 2009b). From this characterization, the UTC prompts the behavioral output of cough to 

clear the airway and/or satiate the “urge” (Davenport, 2008, 2009). Investigation of how the 

UTC sensation is perceived and prioritized cognitively may have significant implications for 

improved understanding of CHS (Davenport, 2008).  

Peter Mazzone and colleagues in Melbourne, Australia have dominated the field in fMRI 

research advancing understanding of neural cough networks. In 2007, Mazzone and colleagues 

conducted a study to map the UTC brain network. They recruited 10 nonsmoking healthy adults 

(five women) with no history of chronic respiratory or neurological disease and completed 

capsaicin cough challenge testing to identify the concentration that elicited two coughs or more 

(C2). To elicit a perceived UTC but not evoke coughing, they administered a subthreshold 

capsaicin concentration (one level below C2) during fMRI with blood oxygen level-dependent 

(BOLD) contrast. Participants were told to breathe through their mouths and were not instructed 

on how to respond during the challenges. Four trials of capsaicin and four trials of saline were 

delivered in a pseudorandom order for 24 seconds each across two blocks. Participants were 

blinded to the doses received. Functional brain images were analyzed with the Expert Analysis 

Tool of the Center for fMRI (Oxford, UK.) Brain regions of interest were identified from the 

BOLD images and were grouped in clusters for capsaicin activation. Signal changes in these 

locations were correlated with mean UTC ratings. Saline inhalation did not evoke an UTC 

sensation in any participant. Capsaicin inhalation reliably produced an UTC sensation in all 

participants and was characterized by developing rapidly, and rapidly dissipating with cessation 

of the challenge.  

Mazzone et al.’s (2007) capsaicin cough challenge was associated with activation of regions 

distributed throughout the brain including the somatosensory, premotor, prefrontal, limbic, and 
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cerebellar regions. Increased activity was bilaterally distributed in the primary sensory cortex 

which is an area shown to receive sensory input from the throat (Penfield & Boldrey, 1937). 

Activity extended into the primary motor cortex, superior temporal gyri, and orbitofrontal cortex. 

The orbitofrontal cortex has been shown to receive extensive sensory inputs from somatic and 

visceral sources and may integrate sensory and motor information to modulate behavior 

(Kringelbach, 2005). The orbitofrontal cortex may also be associated with evaluating the 

experience of unpleasantness (Kringelbach & Rolls, 2004). Other active areas were the anterior 

midcingulate cortex, which is highly correlated with sensory driven urges such as the urge to 

void when the bladder is filled (Athwal et al., 2001), the inferior and middle frontal gyri, the 

insula (believed to play a prominent role in visceral sensory processing; (Hanamori et al., 1997), 

such as somatic and visceral pain (Farrell et al., 2005), and the cerebellum. Unilateral activations 

were confined to the right inferior parietal lobe. There was no significant difference for 

activation in any of these regions for women compared to men (Mazzone et al., 2007).  

Controlling fMRI studies is often difficult and data sets will usually contain unwanted brain 

activations associated with events not related to the question of interest (Mazzone et al., 2009). 

Mazzone et al. (2007) commented that there was possible “noise” in the dataset with some of the 

elements captured on fMRI potentially being unrelated to the generation of an UTC sensation, 

and instead linked to the capsaicin challenge task itself. Oral breathing, sensations from wearing 

a facemask, and other movement during breathing generated from the nares, lips, tongue, oral 

cavity, and additional sensations such as burning of the nose, slight detection of an odor, as well 

as detection of the sound of the concentration being delivered could have all been captured in the 

fMRI data. However, they theorized that because there was no sensation other than an UTC 

commonly experienced by the participants, this made it unlikely that other sensory nerve signals 
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contributed to the BOLD signal changes. It was posited that activation of the motor areas seen 

may have been linked to the motor act of inhalation of the capsaicin, as well as watering of the 

eyes and frequent swallowing seen in a few participants (Mazzone et al., 2007).  

Expanding on Mazzone et al.’s (2007) preliminary work, Farrell et al. (2012) wanted to 

further define the components of the UTC brain network by examining stimulus level, intensity, 

and spatial sensory discrimination. Sixteen nonsmoking healthy adults were recruited (five 

women) and 12 capsaicin concentrations (four at C2, four at two doubling concentrations above 

C2, and four at two doubling doses below C2) were administered. Participants were instructed to 

suppress coughing to the best of their ability during inhalation and exhalation of each 

concentration. Brain regions where increased signaling was correlated with increased stimulus 

intensity were the premotor cortex, primary motor and somatosensory cortices, and insula. Areas 

correlated with increased intensity of UTC ratings were the mid cingulate cortex and primary and 

somatosensory cortices, bilaterally.  

Farrell et al.’s (2012) findings confirmed Mazzone et al.’s (2007) earlier work on the general 

UTC network and made several novel contributions. These included identifying activation of the 

thalamus, the lentiform nuclei, and the brainstem. Of particular interest to this study, Farrell et al. 

(2012) also described activation seen in several brain regions including the inferior parietal lobe, 

and superior and middle frontal gyri as regions that could possibly reflect the attentional 

involvement and other higher order cognitive processes involved in the UTC network (Farrell et 

al., 2012). See Figure 1 for an illustration of the central mechanisms regulating cough. 
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Figure 1 

Central Mechanisms Regulating Cough 

Note. Figure originally published in Canning et al. (2014) (p. 1642). Reprinted with permission.  

Using the UTC neural network identified in the above studies, Davenport et al. (2008) 

proposed a theoretical six-stage process that is an elegant model with which to explain the 

pathway of motivation (i.e., UTC) to action (i.e., cough) shown in Figure 2. Davenport described 

Stage 1 as the “stimulus” where chemical or mechanical stimuli activate cough sensory receptors 

in and around the airway which then project to central neural structures. In Stage 2, the central 

neural systems including the thalamus and limbic system process and convert the sensation of 

physical stimuli into an “urge” and relay this urge sensation to the somatosensory cortex. In 

Stage 3, the “urge” is converted to a “desire for action” to produce a cough. Stage 4 is the 

descending drive for motor action resulting in a physical response such as a cough, an attempt to 

suppress a cough, or another type of modulated cough. In Stage 5, a feedback system plays out 
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where information about the completed motor action is conveyed back to the cortex. In the final 

stage 6, the feedback is processed and relayed in the limbic system and assigned a reward 

function (P. W. Davenport, 2008).  

Davenport’s (2008) model paired with fMRI identification of the cortical and subcortical 

structures involved in processing the UTC highlight the need for additional investigation into the 

higher-level cortical processes influencing cough. An area within this framework beginning to 

receive more attention is the influence of cognitive processes on the sensory processing and 

motor modulation of cough. A few researchers have begun to investigate how the allocation of 

cognitive processes to attend to sensory input from the UTC can alter cough reflex sensitivity 

(Janssens et al., 2014; Perry & Troche, 2019, 2021). Anecdotally, patients with CHS often report 

they cough less when engaged in a pleasurable activity such as reading a good book. In theory, 

allocation of cognitive processes toward the pleasurable activity and away from the UTC may be 

a reasonable explanation for this phenomenon (Cioffi, 1991; Deutsch, 1963; Janssens et al., 

2014; Perry & Troche 2019; Pennebaker, 1980, 1981). If this mechanism could be harnessed in 

the laboratory, it could potentially be applied to enhance the effectiveness of therapies for CHS.   
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Figure 2 

Attention and Cough 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note. Figure originally published Davenport (2008) p. S018. Reprinted with permission. 

For the purposes of this study, attention will be viewed as a capacity-limited resource 

allocator and defined as “the process that selects which stimuli are allocated to receive the 

brain’s limited information processing abilities” (Broadbent, 1957, p. 205). While humans’ 

neurocomputational abilities are staggeringly complex, major processing limitations exist 

(Marois & Ivanoff, 2005). The American Psychological Association (APA) Dictionary of 

Psychology (2020) defines central limited capacity as “The observed constraint on the 



 

 
 

23 

 

processing capacity of the cognitive system- that is, the limited number of items or tasks that one 

can process (e.g., attend to, be aware of) at a given moment” (para. 1).  

An example with robust supporting evidence from neuroscience literature, called the 

attentional blink (AB) paradigm, illustrates the limitations of attentional processing capacity 

(Marois & Ivanoff, 2005). When participants attempt to identify two visual targets in a rapid, 

serial, presentation they are severely impaired at detecting the second of the two targets when it 

is presented within 500ms of the first target (Raymond, et al., 1992). The difficulty with the 

second target in the AB paradigm is hypothesized to be related to several possible explanations 

of capacity limitation (Marois & Ivanoff, 2005). One perspective argues that the AB paradigm 

reflects the capacity limits of information processing of content-specific information channel 

(e.g., limitations in visual working memory; Chun & Potter, 1995; Vogel et al., 1998). Another 

perspective views the temporal capacity limits of attention necessary to switch between the two 

items as a reflection of the limited capacity (Duncan et al., 1994; Kawahara et al., 2003).  

Dual-Tasking 

The AB paradigm is an illustrative example of how competing information may impede 

accurate processing of more than one stimulus. In daily life, humans are often involved in 

simultaneous completion of two or more tasks (i.e., dual tasking) such as walking and talking.  It 

is often not until the complexity of one of the tasks increases, or conflicts with the other task, that 

humans pick up on decreased ability to perform one or both tasks (Pashler, 1994). In 1994, 

experimental psychologist and cognitive scientist, Hal Pashler, shaped much of what is 

understood about the psychology of attention and what occurs during dual or multitasking. He 

wrote that for more than 100 years, study of individuals’ ability to perform two or more activities 

concurrently has been the focus of much debate given the implications for understanding “what 
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is humanly possible” (p. 220). Behavioral research may be the key to unlocking how attention is 

used during dual tasking because “overloading a system is often one of the best ways to figure 

out what the parts of the system are and how these parts function together” (p. 220). Pashler 

(1994) described three of the most influential approaches to understanding how attention may be 

used during dual-task performance that remain the crux of dual-tasking research today: capacity 

sharing, bottlenecks, and cross-talk. Figure 3 provides illustrations of these models.  

Figure 3 

Theories of Attention 

In the capacity sharing model (Figure 3A), it is assumed that processing capacity (i.e., 

mental resources) are finite and shared among tasks. If more than one task is performed 

concurrently such as in dual tasking, the capacity for each task will be less and performance is 

impaired (Pashler, 1994; Tombu & Jolicoeur, 2003). Capacity sharing is often referred to as 

“parallel processing.” An example of capacity sharing occurs when someone is driving a car 

while having a conversation (APA, 2020). Relating this theory to this proposed study, it could be 

assumed that in concurrent cognitive and cough challenge tasks there may be increased errors 

seen in both the cognitive task (e.g., decreased accuracy) and impacts on cough reflex sensitivity 

(e.g., decreased sensitivity.) 
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In an alternative view, termed the bottleneck model (Figure 3B), Pashler (1994) described 

when two tasks require attentional resources at the same time, one or multiple bottlenecks may 

be present and limit or filter the information being processed. This may result in serial processing 

with one task being processed before the other due to temporal attentional constraints. 

Implications of a serial bottleneck may be seen in the AB paradigm as the time required to 

switch attention from the first target to the second target (Duncan et al., 1994; Kawahara et al., 

2003; Marois & Ivanoff, 2005). Implications of a serial bottleneck may be seen in this study if 

one task accuracy remains unchanged from baseline and the other task degrades (e.g., decreased 

cough sensitivity or decreased accuracy on cognitive task.)  

In the cross-talk model (Figure 3C), the content or inputs to be processed are central to 

understanding the result. It may be more difficult to perform two tasks when they involve similar 

“inputs” or information to be processed- leading to content-specific degradation (Pashler, 1994). 

The earlier example of the AB paradigm may fit into this category as well as parallel processing 

(Marois & Ivanoff, 2005). Performing a different task with each hand is an example of cross-talk 

as the components of one task impinge on the other task (APA, 2020). Because attention is the 

tool that allocates limited processing capacity resources, when there is an overlap in demand for 

resources to complete a cognitive and cough challenge task, there could be cross-talk interference 

with impacts on both tasks. 

 A small body of behavioral research sheds light on how brain regions identified in fMRI 

studies may integrate with theories of capacity limited processing while dual tasking. These 

studies provide insight to how attentional resources may be allocated in dual tasking involving a 

tussigenic cough challenge and a simultaneous cognitive task. Three studies have examined how 

divided attention influences cough reflex sensitivity during cough challenge testing with inhaled 
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cough stimulants, lending additional evidence to the understanding that evoked coughing is 

influenced by higher-level brain function (Janssens et al., 2014; Perry & Troche, 2019, 2021). 

These studies and a relevant study from the somatoform pain literature (Stankewitz et al., 2018) 

are summarized in Table 2. 

Janssens et al. (2014) set out to explore the impacts of attentional manipulation on the 

cough reflex in healthy individuals without cough. The theoretical premise for their study was 

that by altering the processing priority of cough-related stimuli of equal intensity they could 

potentially increase or decrease the UTC sensation and cough behavior. They hypothesized that 

UTC and cough frequency would be greater under an internal focus condition where participants 

completed citric acid cough challenge testing and counted the number of coughs they produced, 

compared to an external focus condition where they counted the number of high tones heard in 

an auditory attention task while simultaneously completing cough challenge testing.  

To test this hypothesis, Janssens et al. (2014) delivered 30mM, 100mM, 300mM, and 

1,000mM of citric acid in a randomized order under four blocks. Two of the four blocks were 

under an internal focus condition where participants were instructed to count the number of 

coughs they produced, and the other two blocks were completed under an external focus 

condition where participants listened to auditory tones and were instructed to count the number 

of low tones and ignore any high tones. The order of condition presentation (e.g., two internal 

focus blocks followed by two external focus blocks) was reversed for half of the participants. Of 

their 24 participants (Seven men, age range 18-25), coughs were only elicited in 35.6% of trials 

representing a flooring effect. The percentage of trials where an UTC was felt was not stated.  

Janssens et al.’s (2014) study showed that participants coughed significantly more when 

counting their own coughs (i.e., internal focus) compared with counting tones (p=.001, 
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hp
2=0.37); however, in a repeated-measures analysis of variance (RM-ANOVA) a main effect of 

attentional focus was seen in the first block of trials only (p=.035, p
2=0.18). In other words, 

internal attentional focus only had a significant effect on cough frequency in the first block and 

not the second block of citric acid trials. The authors did not discuss why this effect may have 

been present in the first block of presentations only, but a plausible rationale could be effects 

from short-term tachyphylaxis following repeated doses of citric acid (Morice et al., 1992). 

While participants self-rated their UTC significantly higher during the interoceptive focus versus 

external focus conditions, (p=.025, partial p
2=.20) there was not a main effect of attentional 

focus on UTC (i.e., no conditional effect; p=.34). 

Janssens et al. (2014) highlighted the possible compelling clinical implications from their 

findings regarding the role internal focus on coughing may have on cough frequency and UTC. 

Because their participants had significantly increased coughing and UTC during the condition 

with internal focus (i.e., counting their own coughs without distraction), they cautioned that 

sustained focus on one’s internal state may cause individuals to react with increased cough 

frequency and UTC sensation. The rationale for this claim was that hypervigilant focus on the 

UTC sensation, in an attempt to avoid or control cough, may lead to “becoming trapped in a 

cycle characterized by increased attention and increased cough responses that may contribute to 

the pathogenesis of cough hypersensitivity” (p. 139). 

Drawing on Janssens et al.’s (2014) work, Perry and Troche (2019) completed a similar 

study investigating the effects of attentional manipulation on cough reflex sensitivity in healthy 

adults without cough. They hypothesized that performing concurrent attention and coughing 

tasks would change the perception of the magnitude of cough inducing stimuli and behavioral 

response to stimuli compared to performing those tasks in isolation (a direction of the anticipated 
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effect was not stated in their hypothesis). In contrast to citric acid used in Janssens et al.’s (2014) 

study, Perry and Troche (2019) administered concentrations of capsaicin. Participants completed 

capsaicin cough challenge testing with concentrations of 0uM, 10uM, 25uM, 50uM, 100uM, and 

200uM presented twice in an independently randomized block order. On day one, they 

completed 10 trials of an auditory attention tone counting task where they were instructed to 

count the number of low tones heard and ignore any high tones. This was followed by capsaicin 

cough challenge testing without a cognitive task where participants were instructed to breathe 

normally through the nose and mouth and to cough if needed. Unlike the Janssen’s et al. (2014) 

study, they were not given directions to have a specific internal attentional focus. On day two, 

they completed capsaicin cough challenge testing simultaneously with the auditory attention 

tone-counting task.  

Results closely followed the earlier findings of Janssens et al. (2014) highlighting the 

impact of attentional distraction on lowering cough reflex sensitivity. There was coughing on 

45% of trials. Seven participants did not cough to any capsaicin trial and were excluded from 

analysis. Of the 20 participants remaining, (one man), tone counting accuracy dropped 

significantly from 86% in the baseline test to 68% in the dual task context using a paired-samples 

t-test (p=.003, d=.77), and Wilcoxon signed ranks test for urge-to-cough sensation (p=.007, 

r=.60). They had significantly more coughing during the single task versus the dual task 

condition with a conditional dual-tasking effect seen for the highest concentration of capsaicin 

using RM-ANOVA at the 200uM dose (p=.001, p
2=.78). Of the group, 80% of participants 

coughed fewer times in the dual task condition compared to the single task condition. For 14 

participants, C2 thresholds were significantly higher (100uM) in the dual-task condition 

compared to the single task (50uM, p=.002, r=.7).  
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Perry and Troche (2019) concluded cough reflex sensitivity was blunted in the dual-task 

condition as double the concentration of capsaicin was required to elicit C2. A cautionary 

interpretation of this finding as implying a potentially clinically significant difference is in a 

study where the short-term and long-term repeatability of C2 was measured in healthy 

individuals, C2 was reproduced within one doubling dose of capsaicin (e.g., 50uM to 100uM) 

90% of the time (Dicpinigaitis, 2003). A change in one doubling dose is therefore reflective of a 

reproducible result and perhaps not a clinically significant change. However, another 

consideration is there are no established guidelines to interpret clinically significant change on 

capsaicin cough challenge testing. Another important observation was accuracy in tone counting 

was significantly decreased under the dual task condition. This suggested the processing of 

concurrent auditory attention and cough stimuli demands may have invoked cross-talk errors 

from mutual interference (Perry & Troche, 2019). 

The Janssens et al. (2014) and Perry and Troche (2019) studies begin to shed light on the 

effects of dual tasking on cough frequency and UTC sensation in healthy individuals without 

disordered cough. Investigation into populations with disordered cough is important to begin to 

understand how cognitive processing resources are allocated when cough reflex sensitivity is 

altered. The only investigation into a population where dual tasking and disordered cough has 

been studied was conducted by the same researchers, Perry and Troche, who replicated their 

2019 study design in a recent 2021 study in patients with Parkinson’s disease (PWPD) and 

healthy controls. There is evidence of PWPD compensating for decreased basal ganglia circuitry 

function by engaging cortical regions to drive motor outputs prioritized toward a secondary task 

in dual-tasking paradigms in the gait literature, creating a theoretical basis for potential 
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differences in how dual tasking may impact cough reflex sensitivity in PWPD compared to 

healthy controls (Morris et al., 2002).  

Perry and Troche (2021) hypothesized there would be differences (direction of the 

difference was not specified) between a single and dual task condition related to cough reflex 

sensitivity in PWPD compared to healthy adult controls. However, they found no significant 

between group differences (n=13 PWPD and n=13 healthy controls) for cough frequency 

(p=.14), UTC (p=.08), or log cough reflex threshold (p=.71). A linear regression analysis 

comparing relative error in the dual-task condition (capsaicin challenge with distraction from 

tone counting) to the change in cough frequency between the single and dual tasks revealed a 

strong positive relationship (p=.004, r2=.52) for PWPD. This meant that as PWPD made greater 

tone-counting errors, the difference in cough frequency between the single and dual tasking 

conditions was also greater. 

The researchers concluded that given the overall low error rates on the cognitive tone 

counting task, it appeared PWPD prioritized accuracy in the tone-counting task over coughing 

(Perry & Troche, 2021). The capacity sharing model of attention may help explain the 

relationship seen between increased coughing in PWPD with increased relative errors in dual-

task tone counting reflecting a possible breakdown in both tasks when the cortical load from the 

dual-task paradigm was present. PWPD are at risk of changes to all phases of swallowing and 

resultant airway compromise including silent aspiration and hypotussia (i.e., decreased cough 

reflex sensitivity; (Fernandez & Lapane, 2002; Singer, 1992). What Perry and Troche’s (2021) 

study shows is the possible differences an increased cortical load may have on attentional 

resource allocation during dual tasking in a population with decreased cough reflex sensitivity.  
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To date, there has been no work completed in patients on the opposite end of the cough 

reflex sensitivity spectrum with cough hypersensitivity and dual tasking, and thus examination of 

dual tasking and the pain literature can provide relevant information to the theoretical basis of 

this study. A disorder bearing similarity to cough hypersensitivity syndrome that has received 

wider attention in the research is somatoform pain disorder, described in the Diagnostic and 

Statistical Manual (DSM-V) as “one or more somatic symptoms that are distressing or result in 

significant disruption of daily life” (APA, 2013, p. 311). Most often, the primary symptom is 

pain that is not sufficiently explained by structural or other specified pathology. In addition to 

recurring pain, patients may have increased interoceptive focus and attention to endogenous 

processes (e.g., rumination on the seriousness of their symptoms; APA, 2013). 

It has been proposed that negative thoughts and affective and emotional processes may 

contribute to a “vicious cycle” increasing the risk of developing or maintaining chronic pain 

(Bushnell et al., 2013; Stankewitz et al., 2018). This notion is supported in brain imaging studies 

showing increased activity in the limbic system including the amygdala, parahippocampal gyrus, 

anterior insula, primary and secondary somatosensory cortex, and inferior parietal cortex, and 

hypoactivity in prefrontal brain regions (Gündel et al., 2008). Stankewitz et al. (2018) 

investigated the effects of dual tasking on pain perception in patients with somatoform pain and 

healthy controls. They hypothesized patients with somatoform pain would use greater effort to 

distract from external pain stimulation compared to healthy controls, and this would be seen on 

fMRI imaging in altered neural pain network activity. Specifically, connectivity between the 

medial prefrontal cortex (important for top-down pain modulation) and the anterior insula 

(important for the emotional aspect of pain processing) would be different compared to healthy 

controls.  
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To investigate the impacts of dual tasking on pain, participants (n=13 patients with 

somatoform pain and n=13 healthy controls) completed two fMRI sessions with randomly 

applied nociceptive (painful) thermal heat and neutral warmth. In one session, participants were 

asked to perform a cognitively demanding distraction task with a Stroop color/word interference 

activity while the heat stimuli were applied; in the other session, they were asked to focus on the 

heat stimuli and did not complete an additional cognitive task. Both groups showed significant 

decreases in pain ratings (p=.001/.01) and had more errors in the Stroop task condition (error rate 

of 1.82% in pain patients and 1.85% in healthy controls) while dual tasking, but there was no 

significant difference seen between pain patients and healthy controls (p=.62). There was a 

significant difference in neural pain network connectivity on fMRI seen in patients with 

somatoform pain compared to healthy controls. These findings suggest a stronger neural 

modulation effect in cortical pain processing regions is needed for somatoform pain patients to 

experience pain intensity reduction at a level similar to healthy controls in a dual task paradigm 

(Stankewitz et al., 2018). 

Table 2 

 Summary of Main Findings from Attentional Manipulation Studies 
 

Authors Study Sample 

Characteristic 

Sensitivity Change Theory Suspected 

Attentional Model  

Perry & Troche 

(2021) 

Hyposensitive 

cough reflex 

No change PWPD prioritized 

the cognitive task 

(low errors) over 

coughing for 

unknown reasons 

Capacity sharing or 

bottleneck 

Perry & Troche 

(2019) 

 

Typical cough 

reflex 

Decreased Low salience of 

cough task may 

have led to 

prioritizing 

cognitive task 

Capacity sharing or 

bottleneck 

 

 

Janssens et al. 

(2014) 

Typical 

Cough reflex 

Decreased Low salience of 

cough task may 

have led to 

prioritizing cough 

task 

Capacity sharing or 

bottleneck 
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Stankewitz et al. 

(2018) 

Hypersensitive 

pain 

Decreased Prioritization of 

cognitive task over 

pain. 

Capacity sharing or 

bottleneck 

 

Summary 

Several themes emerge from this review of previous studies where attention was 

manipulated in what the authors described as a dual-task paradigm. First, there was a significant 

effect of attentional manipulation on cough reflex sensitivity in healthy individuals (Janssens et 

al., 2014; Perry & Troche, 2019). Although it was hypothesized there would be an effect of 

attentional manipulation on cough reflex sensitivity in PWPD, there was prioritization of 

performance of the cognitive task for unknown reasons (Perry & Troche, 2021). Given that in 

PWPD the cough reflex is likely to be reduced in sensitivity (Fernandez & Lapane, 2002; Singer, 

1992), cough in general may be experienced as a blunted reflex in day-to-day life (Widdicombe 

& Singh, 2006), perhaps making it easier to prioritize an alternative task as was seen in the dual 

tasking study (Perry & Troche, 2021). In the dual tasking and pain study, patients with 

somatoform pain (which as discussed previously, mechanistically likely shares many similarities 

with cough reflex hypersensitivity), experienced less pain intensity during a cognitive distraction 

task (Stankewitz et al., 2018).  

A theme of salience emerges when reflecting on which tasks were prioritized by the 

participants and therefore performed more accurately. In the proposed study in patients with 

CHS, it is likely that cough is highly salient given their pursuit of medical care to treat the 

problem. It could be the case that patients with CHS have perhaps developed a chronic pattern of 

heightened interoceptive focus on their UTC in attempts to avoid coughing. Janssens et al. 

(2014) cautioned that too much hypervigilance on internal states like UTC may in fact perpetuate 

a hypersensitive cough response, and this study will be the first to investigate how distraction 
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with a concurrent cognitive task may alter cough reflex sensitivity including cough frequency 

and UTC in this patient population.  
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Chapter Three: Research Design and Methodology 

This study was submitted to the Food and Drug Administration (FDA) as a new study 

protocol amendment under IND #142148 and approved on 02/14/2022. University of Montana 

Institutional Review Board approval was granted on 3/29/2022 following full review by the 

commmittee under protocol #12-22. Data collection was conducted from April-July 2022.  

Research Design and Procedures Overview 

Thirteen participants with cough hypersensitivity syndrome (CHS) participated in this 

prospective case series study. The study proceeded in two phases with eligibility testing followed 

by the experimental procedures. In eligibility testing, participants completed cognitive and 

depression assessments as well as spirometry testing. The experimental study involved four 

steps: 1) baseline testing with cough challenge testing (CCT) to determine the level of capsaicin 

that elicited two coughs (C2), 2) baseline testing with a visual working memory 2-back task, 3) 

CCT completed concurrently with the 2-back task, and 4) CCT completed without any 

extraneous cognitive challenge. Participants completed CCT with and without the 2-back task in 

an alternating order based on enrollment in the study. See Figure 4 for an overview of study 

procedures. 
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Figure 4 

Study Procedures 

 

Note. *The CCT conditions with and without 2-back were completed in alternating order based 

on each new participant. 

Recruitment  

Thirteen individuals, 18 years of age or older, with CHS were recruited via phone and 

email contact with the PI. All participants were known to the PI for prior participation in CHS 

research. Participants first provided informed consent to participate in eligibility testing. After 

passing the eligibility testing criteria, they completed a separate informed consent for the 

Eligibility testing

n=13 

Pass

n=13

Eligible for 
experiment

Experimental study

n=13

Baseline testing

CCT to find C2

2-back baseline

CCT*

With 2-back

Without 2-back

Fail

n=0

Not eligible for 
experiment

Cognitive and 
depression  
assessments

Spirometry
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experimental study. This two-step process was required as spirometry, part of the eligibility 

testing criteria, included some small risks to participants. The following were the inclusion and 

exclusion criteria for the eligibility testing.  

Eligibility Testing  

Inclusion Criteria: 

• At least 18 years old. 

• Suffering from a cough lasting at least eight weeks. 

• Self-report of receiving the following assessments for current cough symptoms with 

unremarkable results: 

o Physical evaluation by at least one physician. 

o Chest x-ray. 

o Laryngoscopic examination by a qualified otolaryngologist or speech-language 

pathologist.  

Exclusion Criteria: 

• Current smoker of any substance. 

• Diagnosis of any of the following:  

o Respiratory disease (e.g., COPD, asthma) 

o Neurobehavioral disorder (e.g., Attention-Deficit-Hyperactivity Disorder) 

o Neurogenic disease (e.g., Parkinson’s disease, cerebrovascular disease) 

o Head and neck cancer 

• Use of the following medication within the specified amount of time: 

o Angiotensin-converting enzyme inhibitor (ACE-I) in the past four weeks.  

▪ ACE-Is include: Benzapril (Lotensin), Captopril (Capoten), 



 

 
 

38 

 

Enalapril/Enalaprilat (Vasotec oral and injectable), Fosinopril (Monopril), 

Lisinopril (Zestril and Prinivil), Moexipril (Univasc), Perindopril (Aceon), 

Quinapril (Accupril), Ramipril (Altace), and Trandolapril (Mavik). 

o Neuromodulator medication in the past 48 hours. 

▪ Neuromodulators include medications such as Neurontin (Gabapentin) and 

amitriptyline. 

• Tested positive for COVID-19 (or presented with COVID-19 symptoms without testing) 

within the past 10 days. (Participants who had symptoms within 10 days and tested 

negative for COVID-19, were allowed to enroll if they passed the following COVID-19 

screening questions.) 

• Answer “yes” to any of the following COVID-19 screening questions: 

o Have you had any of the following symptoms of COVID-19 in the past 48 hours? 

▪ Fever or chills, sputum, difficulty breathing, fatigue, muscle or body 

aches, headache, loss of taste or smell, sore throat, congestion or runny 

nose, nausea or vomiting, diarrhea. 

▪ Is your cough any different than it was prior to the COVID-19 outbreak 

(December 2019)? 

▪ Have you been told by a public health official to isolate due to COVID-19 

exposure? 

▪ Have you been in contact with any person known to have COVID-19 or 

with active COVID-19 symptoms (as described above) within the past 10 

days? 

▪ Fever of greater than 100.4F.  
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▪ Have not followed current local, state, and CDC COVID-19 mitigation 

guidance. 

▪ Unwilling to comply with COVID-19 precautions.  

Eligibility Testing Criteria 

Cognitive and Depression Assessments 

Three brief assessments were administered to ensure cognitive domains important to this 

study were in the average range (based on participant age), and to rule out a depressive disorder. 

It was necessary to assess visual memory, mental flexibility, and depression severity as any 

baseline problems in these areas could potentially confound study results related to the effects of 

attentional manipulation on CRS.  

Comprehensive Trail Making Test (Reynolds, 2002). The Comprehensive Trail Making 

Test (CTMT) is a valid and reliable neuropsychological measure of visuospatial tracking, 

sequencing, set switching, and speeded performance (Reynolds, 2002; Gray, 2006). Internal 

consistency statistics (alpha) range from .70 (Trail 5) to .77 (Trail 2) for the individual Trials, 

and .92 for the Composite Index (Reynolds, 2002). The CTMT includes five trails. In Trails 1-3 

the patient is asked to draw a line, in sequence, through Arabic numbers presented in circles. 

Trails 2 and 3 introduce increasing distractor circles patients must ignore to successfully 

complete the task. Trails 4 and 5 involve cognitive set switching. In Trail 4 the patient draws a 

line between Arabic numerals in circles and number words in rectangles, and in Trail 5 the 

patient alternates sequencing Arabic numerals and English alphabet letters (e.g., 1-A-2-B). 

Scoring is based on the length of time to complete each trail, including mistakes. The CTMT was 

normed on ages 11 years, 0 months to 74 years, 11 months. A t-score of at least 43 is considered 

average (Reynolds, 2002). 
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Wechsler Memory Scale-IV: Symbol Span (Wechsler, 2009). The Symbol Span subtest of 

the Wechsler Memory Scale-IV assesses storage and manipulation of visual details in working 

memory. The patient is shown a series of designs of increasing length for five seconds and then 

shown a page with correct designs and foils (incorrect designs). They must select the correct 

designs in the correct order. The patient is awarded two points for getting the correct designs in 

the proper order and one point if they get the correct designs in the incorrect order. Internal 

consistency is reported as .76 to .92 and test-retest correlations of .72. A scaled score of at least 7 

is considered average (Holdnack & Drozdick, 2009).  

The Patient Health Questionnaire-9 Item (Kroenke & Spitzer, 2002). The Patient Health 

Questionnaire-9 Item (PHQ-9) is a brief self-assessment questionnaire that is reliable and valid 

for measuring depression severity. It comprises nine questions corresponding to the diagnostic 

criteria for major depressive disorder described in the Diagnostic and Statistical Manual of 

Mental Disorders-V (DSM-V, American Psychological Association, 2013). Given Major 

Depressive Disorder is linked with impaired performance in several cognitive domains including 

memory, attention, and processing speed (Austin et al., 2001), it is relevant to the focus of this 

study. A score of 0-5 indicates that someone is not clinically symptomatic for depression.  

Spirometry  

Spirometry is the most common test of lung function, specifically, the amount of air that 

can be inhaled and exhaled. Spirometry was completed to ensure normal lung function before 

and after participating in cough challenge testing (CCT). Normal lung function was defined as 

forced expiratory volume in one second divided by forced vital capacity (FEV1/FVC) and FEV1 

percent predicted of at least 0.7. This value is recommended by national and international 

guidelines on asthma (Graham et al., 2019) and chronic obstructive pulmonary disease 
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(Vogelmeier et al., 2017) as the benchmark for normal lung function.  

Progression to Experimental Study 

All participants passed eligibility testing criteria and were eligible for the experimental aspect 

of the study. Results from eligibility testing can be found in Appendix B.  

Experimental Study 

Baseline Cough Challenge Testing (CCT) to determine the level of capsaicin that elicited at least two 

coughs (C2) 

CCT involves inhalation of tussigenic agents such as capsaicin and citric acid and is a valid 

and reliable means with which to test cough reflex sensitivity (CRS, Dicpinigaitis, 2003; Morice 

et al., 2001, 2007). It is often completed before and after an antitussive treatment to assess the 

efficacy of the intervention (Belvisi et al., 2017; O'Connell, Thomas, Pride, & Fuller, 1994; 

Ryan, Vertigan, Bone, & Gibson, 2010; L. Slovarp et al., 2022; Smith et al., 2020; Vertigan et 

al., 2016). Capsaicin, a derivative of hot chili peppers, was the tussigenic agent used in this study 

as it is known to induce cough in safe, dose-dependent, and reproducible manner (Dicpinigaitis 

& Alva, 2005; Midgren, Hansson, Karlsson, Simonsson, & Persson, 1992). Baseline CCT was 

completed to find C2 which was used to individualize the capsaicin concentrations administered 

in the CCT with and without 2-back conditions. 

CCT equipment was chosen based on European Respiratory Society guidelines to ensure a 

consistent and reproducible inspiratory dose with each breath (Morice et al., 2007). This included 

a compressed air driven DeVilbliss 646 nebulizer1, a QuarkSPIRO dosimeter (QuarkSPIRO, 

Cosmed, Pavona, Rome, Italy), and an inspiratory flow regulatory valve. Capsaicin used in this 

 
1 The straw and baffle assembly were welded into place to optimize reproducibility (Dicpinigaitis, 2003). 
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study was purchased from Formosa Laboratories, Inc. (Taoyuan, Taiwan) in accordance with 

FDA-IND specifications. The duration of aerosol delivery was .6 seconds providing .002mL 

concentration per inhalation. Capsaicin concentrations were made from diluted capsaicin stock 

(capsaicin diluted in ethanol to .001M and .01M concentrations) combined with .9% physiologic 

saline. All dilutions were prepared using sterile conditions under a flow hood. All chemistry, 

manufacturing, and control (CMC) guidelines, outlined in FDA IND #142148, were followed 

related to preparation of stock solutions and testing dilutions, and storage of capsaicin. (See 

Appendix A.) Table 3 shows the range of capsaicin concentrations that were used in this study 

along with the amount of capsaicin ingested per inhalation. The maximum total amount of 

capsaicin ingested in this study by any participant was 0.0003 milligrams.  

Table 3 

 

Amount of Capsaicin Ingested Per Inhalation 

 
Capsaicin Concentration  g Capsaicin Nebulized per 

Inhalation 

0.49uM 2.980e-10 

0.98uM 5.970e-10 

1.95uM 1.193e-9 

3.91uM 2.386e-9 

7.81uM 4.772e-9 

15.63uM 9.544e-9 

31.25uM 1.908e-8 

62.50uM 3.817e-8 

125uM 7.635e-8 

 

Procedures. Aerosolized diluted capsaicin concentrations were delivered in serial doubling 
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doses via a dosimeter-controlled nebulizer. Participants received physiologic saline as the first 

dose to prevent a startle effect, then received .49uM capsaicin concentration and the serial 

doubling doses above this until C2 was found. Each dose was separated by two minutes to 

prevent tachyphylaxis (temporary desensitization) and two doses of physiologic saline were 

randomly interspersed as placebo trials to prevent a conditioned response in participants 

anticipating progressively higher doses (Davenport et al., 2007; Morice et al., 2001). 

Participants were instructed to hold the nebulizer in their non-dominant hand2 and to breathe 

normally (tidal breathing) in and out of the nebulizer mouthpiece. After three cycles of tidal 

breathing, the dose was administered. Participants were explicitly instructed to let their body 

react and let out a cough or coughs if they needed, and to not suppress any coughs. Additionally, 

they were instructed to not talk for 15 seconds after inhalation as this may potentially suppress 

cough or result in more coughing in patients who are hypersensitive to vocalization (Morice et 

al., 2007). Participants were instructed to take a drink of water after each trial.  

Data collection included cough frequency and UTC. The number of coughs produced in the 

15 seconds following dose administration3 was manually counted by the researcher and recorded. 

This manual cough frequency count was verified by review of an audio/video recording in cases 

of ambiguity. The participant was then asked to rate their maximal UTC felt in association with 

the trial on a modified-Borg scale ranging from 0 “none” to 10 “very, very, very strong” 

(Davenport et al., 2007).  

 
2 To ensure consistency with the motoric complexity of this task participants were briefly verbally 

presented with the Handedness Questionnaire (Oldfield, 1971) to confirm hand dominance. There were no instances 

where hand dominance results via the questionnaire were different than what was reported by participants. 
3 Coughs that occur beyond 15 seconds are not counted as the response to aerosolized capsaicin is generally 

immediate and brief. Coughs beyond 15 seconds, therefore, may not be capsaicin-induced (Hansson et al., 1992; 

Hutchings, 1993; Morice et al., 2001) 
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Baseline 2-back Task  

After C2 was found, participants completed a visual working memory task to establish a 

baseline level of accuracy. N-back tasks are often used to operationalize working memory in 

neuroimaging studies (Conway et al., 2005; Kane & Engle, 2002). Typically, the N-back task 

includes a stream of stimuli presented to an individual who then decides, for each stimulus item, 

if it matches the one presented “N” items ago (e.g., 1-back, 2-back, or 3-back). N-back is 

typically done with either visual or auditory stimuli and involves encoding of the stimuli, 

monitoring, maintenance, and updating of the material, and matching the current stimulus to the 

one that was presented “N” positions back. For the selection and identification process, 

inhibition and interference resolution processes are also involved (Jonides et al., 1997). In 

general, as the levels of “N” increase, the number of errors increases (Jaeggi et al., 2009). There 

is also reliably increased activation in cortical areas commonly involved in working memory 

including the prefrontal and parietal cortices (Nystrom et al., 2000; Owen et al., 2005). 

Reliability of N-back is variable across “N” levels with reports ranging from r= .93 (1-back; 

Jaeggi et al., 2010), r= .91 (2-back; Friedman et al., 2006) and r= .81 (3-back; Kane et al., 2007). 

N-back has construct validity for simple working memory as it has been shown to be highly 

correlated to a simple working memory task of digit span repetition (Jaeggi et al., 2010).  

A visual N-back task was chosen to manipulate attention in this study. The 2-back level was 

selected over a 1-back or 3-back level as it was likely to elicit a challenge, requiring the 

participant to concentrate, but would likely not be overwhelmingly difficult where a flooring 

effect might be seen. The Constant Therapy app was chosen to deliver the 2-back task (on the 

app this task is called “Remember pictures in order (N-back)”, Klingberg et al., 2005). The 

Constant Therapy version of this task delivers a randomly generated novel stream of colored 
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pictures of various stimuli including common household and office items, animals, clothing, 

transportation, and food, with each picture separated by 2.28s. Percent accuracy on the 2-back 

task is calculated automatically within the app as the number of items completed correctly 

(selecting an incorrect picture or failing to select a correct picture are counted as errors) out of 

total number of items presented (Constant Therapy Health, 2022).  

Procedures. The 2-back task was completed on an iPad. Participants completed five 

consecutive sets of the 2-back task. Each set contained 10 items for a total of 50 items. Task duration 

was approximately 2.25 minutes per set. Verbal directions were provided as follows, “I’ll show you a 

series of pictures. Tap when the picture is the same one you saw two pictures ago.” Directions were 

repeated as needed until the participant verbalized understanding of the task. Percent accuracy was 

automatically calculated by the application and was recorded after completion of all five sets.  

CCT With and Without 2-back Task 

 Following completion of the 2-back baseline task, participants completed CCT with and 

without the 2-back task simultaneously. All procedures described under “Baseline CCT to find 

C2” were followed with a few adjustments to the concentrations administered and the addition of 

a tolerability rating. In both conditions, participants were given their C2 dose and the subsequent 

three doubling doses in serial order with one randomized physiologic saline (placebo) dose. 

Cough frequency and UTC were recorded in the same manner described previously. In addition, 

to minimize discomfort, they were asked to rate their perception of the tolerability of each trial 

on a modified Borg scale from “0” (no difficulty tolerating) to “10” (very, very difficult to 

tolerate). If a participant rated 8/10 “difficult to tolerate” or higher, they were not given that dose 

again or any higher doses. Conditions were completed in a counterbalanced fashion with the 

order of completion reversed for each new participant. There was five-minute break between the 
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conditions.  

CCT with 2-back Procedures. Participants were instructed to place the nebulizer 

mouthpiece in their mouth and simultaneously begin one set of the 2-back task on the iPad and 

tidal breathing. After eight seconds (approximately three cycles of tidal breathing), the dose was 

administered and the participant was reminded to let their body react naturally and cough if they 

needed, and to continue the 2-back task until the set was completed. The timing of 2-back set 

completion aligned almost exactly with the 15 seconds after dose administration. This coincided 

with the same window for which cough frequency data was recorded. These steps were repeated 

for all five doses. The percent accuracy on the 2-back task (the combined accuracy across the 

five sets) was recorded at the end of the procedures. 

CCT without 2-back Procedures. Participants completed the same steps outlined in the 

CCT with 2-back condition except they did not complete the 2-back task simultaneously.  

Rationale for dose selection. The decision to tailor doses to each participants’ individual 

CRS using their C2 level was influenced by multiple factors. First, there were low cough 

response rates in the two related studies in healthy individuals where all participants were given 

the same preselected concentrations. Participants coughed in response to concentrations of 

capsaicin in 45% of opportunities in Perry & Troche’s (2019) study and citric acid in 36% of 

trials in Janssen et al.’s (2014) study. In our lab’s prior work, we have observed significant 

variability in C2 levels for patients with CHS with a range of greater than seven doubling doses 

(0.49-31.25uM, Slovarp et al., 2022). This variability is also supported in the literature 

(Dicpinigaitis, 2003; Prudon et al., 2005). Given the significant variability in this population, it 

was highly likely that preselection of four capsaicin concentrations for administration would 

have led to even poorer reponse rates than those seen in the healthy studies. Doses would likely 
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have been too difficult to tolerate for more sensitive individuals or not strong enough to elicit a 

response for others.  

Tailoring capsaicin concentrations to each individual participant was also advantageous to 

achieve the most sensitive analysis of results. The anticipated variation in capsaicin 

concentrations given to participants could be handled by averaging the mean cough response for 

each dose (1-4) and comparing dose-response curves between conditions. This was anticipated to 

offer a more sensitive comparison of cough frequency as a function of dose rather than specific 

concentration between conditions and allow for examination of rates of cough frequency change 

between doses. 

Participants  

 Thirteen participants (n=12 women) with CHS were recruited after initial contact by 

phone or email with the PI and voluntarily enrolled in the study. All individuals were known to 

the PI from participation in prior research on CHS. Table 4 provides participant demographic 

information related to age and sex. More details about demographic information are available in 

Appendix C.  

Table 4 

Participant Demographics 

Participant ID Age Sex 

P1 75 F 

P2 73 F 

P3 57 F 

P4 65 F 

P5 54 M 

P6 72 F 
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P7 67 F 

P8 44 F 

P9 58 F 

P10 44 F 

P11 67 F 

P12 52 F 

P13 63 F 

Mean(SD) Age 60.85(10.35) 

Age range 44-75 

 

Data Analysis  

IBM SPSS 27.0 (IBM Corp., 2020) and R (R Core Team, 2020) were used for statistical 

analyses. Mean cough frequency as a function of dose (1-4) was analyzed in a nonlinear logistic 

growth model to compare the dose-response curves between conditions. Additional parameters 

were fit to the model to compare cough frequency responses based on order in which conditions 

were completed. A Spearman’s rank-order correlation was run to examine the relationship 

between cough frequency and UTC. A sign test was used to compare median UTC as well as 

median 2-back task accuracy change between conditions. A linear regression analysis was 

conducted to examine the predictive relationship between cough frequency and 2-back task 

accuracy.  
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Chapter 4: Results 

The purpose of this study was to determine if attentional manipulation affects cough reflex 

sensitivity (CRS) in patients with cough hypersensitivity syndrome (CHS) by comparing outcomes in 

cough frequency and urge-to-cough (UTC) during capsaicin cough challenge testing (CCT) with and 

without a 2-back working memory task. Attentional manipulation decreases CRS in healthy individuals 

(Janssens et al., 2014; Perry & Troche, 2019) and exploration of this phenomena in patients with CHS 

could help lead to a better understanding of how higher-level brain activity may influence CRS. It was 

hypothesized that performing a cognitive task during CCT (i.e., manipulating attention with 2-back task) 

would result in significantly decreased cough frequency and UTC.  

Cough Frequency and UTC 

 A summary of cough frequency and UTC results by dose and condition are shown in 

Table 5. Median UTC was slightly higher in the CCT without 2-back condition and mean cough 

frequency was slightly higher in the CCT with 2-back condition. 

Table 5 

Cough Frequency and UTC Results by Condition and Dose 

Dose 

 

Median UTC Mean (SD)  Cough 

frequency (SD) 

CCT without 2B CCT with 2B CCT without 2B CCT with 2B 

1 

2 

3 

4 

0.50 

2.00 

4.00 

4.50 

1.00 

1.00 

3.00 

3.00 

2.38(3.31) 

3.50(3.45) 

4.82(5.17) 

5.20(3.61) 

3.69(4.57) 

4.00(4.73) 

3.91(3.45) 

5.10(4.20) 

Total 3.00 2.50 3.87(3.96) 4.13(4.18) 

Note. “2B” is used as the abbreviation for “2-back task.” 
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UTC and cough frequency data were examined categorically to identify in which condition there 

was greater cough frequency and UTC response. A total of 46 doses were given in each condition across 

the entire sample. These doses were examined and sorted into three categories of “no difference,” 

“higher in CCT without 2-back,” or “higher in CCT with 2-back.” Table 6 shows results for these three 

categories. There were a few more instances where participants had increased UTC in the CCT without 

2-back condition (18/46 or 39%) compared to with 2-back (14/46 or 30%), but it was just as likely that 

participants had increased coughing in the CCT without 2-back as they did in the CCT with 2-back 

condition (15/46 or 33%). There was no difference between conditions for approximately one third of 

doses for both UTC and cough frequency (14/46 or 30% and 16/46 or 35% respectively). 

Table 6 

UTC and Cough Frequency: Condition of Greater Response 

Variable Condition  

 No Difference Higher without 2B Higher with 2B 

UTC 14 18 14 

Cough Frequency 16 15 15 

Note. “2B” is used as the abbreviation for “2-back task.” 

Cough frequency 

 Individual cough frequency results for each participant are shown in Figures 5-17. These 

figures show the total cough frequency produced at each dose of capsaicin concentration given 

for each experimental condition. 
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Figure 5 

P1 Cough Frequency Results.  

 

Note. Cough frequency results for Participant 1 during cough challenge testing in each 

experimental condition. 

Figure 6 

P2 Cough Frequency Results  

 

Note. Cough frequency results for Participant 2 during cough challenge testing in each 

experimental condition. Participant 2 was only given doses 1 and 2 due to tolerability. 
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Figure 7 

P3 Cough Frequency Results  

 

Note. Cough frequency results for Participant 3 during cough challenge testing in each 

experimental condition. Participant 3 was only given doses 1-3 due to tolerability.  

Figure 8 

P4 Cough Frequency Results 

 

Note. Cough frequency results for Participant 4 during cough challenge testing in each 

experimental condition. 
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Figure 9 

P5 Cough Frequency Results 

 

Note. Cough frequency results for Participant 5 during cough challenge testing in each 

experimental condition. 

Figure 10  

P6 Cough Frequency Results 

  

Note. Cough frequency results for Participant 6 during cough challenge testing in each 

experimental condition. 
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Figure 11 

P7 Cough Frequency Results 

 

Note. Cough frequency results for Participant 7 during cough challenge testing in each 

experimental condition. 

Figure 12 

P8 Cough Frequency Results 

 

 

Note. Cough frequency results for Participant 8 during cough challenge testing in each 

experimental condition. 
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Figure 13 

P9 Cough Frequency Results 

 

Note. Cough frequency results for Participant 9 during cough challenge testing in each 

experimental condition. 

Figure 14 

P10 Cough Frequency Results 

 

Note. Cough frequency results for Participant 10 during cough challenge testing in each 

experimental condition. Participant 10 was only given one dose due to tolerability. 
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Figure 15 

P11 Cough Frequency Results 

 

Note. Cough frequency results for Participant 11 during cough challenge testing in each 

experimental condition.  

Figure 16 

P12 Cough Frequency Results 

 

Note. Cough frequency results for Participant 12 during cough challenge testing in each 

experimental condition.  
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Figure 17 

P13 Cough Frequency Results 

 

Note. Cough frequency results for Participant 13 during cough challenge testing in each 

experimental condition.  

  Dose response curve analysis. An analysis was conducted to compare the dose-

response curves with mean cough frequency as a function of dose level (1, 2, 3, 4) for both the 

CCT without 2-back and CCT with 2-back conditions. See Table 5 for raw data. A logistic 

growth model was fit to both the CCT without 2-back and CCT with 2-back conditions 

simultaneously, and model parameters compared.  In this model (shown below), the Em 

parameter was fixed at the mean response at dose level 4 to avoid overparameterizing the model.  

For the CCT without 2-back condition, Em= 5.2 coughs and for the CCT with 2-back condition, it 

is 5.1 coughs.  With these designations, the model is expressed as follows: 

𝑦 =
[𝐸𝑚 + 𝑧 ∗ (∆𝐸𝑚)] ∗ [𝐸0 + 𝑧 ∗ ∆𝐸0]

[𝐸0 + 𝑧 ∗ ∆𝐸0] + [(𝐸𝑚 − 𝐸0) + 𝑧 ∗ (∆𝐸𝑚 − ∆𝐸0)] ∗ exp{−(𝛿 + 𝑧 ∗ ∆𝛿)𝑥}
, 

where: 
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y = cough frequency, 

x = dose level (1, 2, 3, 4) 

z = 0 if the case is in the CCT without 2-back condition; 1 if the case is in the CCT with 

2-back condition 

Em = the mean cough frequency at dose level 4 for the “No distract” group 

ΔEm = the change in cough frequency from the CCT without 2-back to with 2-back 

condition  

E0 = the mean cough frequency at dose level 0 for the CCT without 2-back condition 

ΔE0 = the mean cough frequency at dose level 0 for the CCT with 2-back condition 

δ = the dose-response rate parameter for the CCT without 2-back group 

Δδ = the mean change in the dose-response rate parameter from the CCT without 2-back 

condition to the CCT with 2-back condition. 

This is a nonlinear logistic growth model for two groups with four parameters (the final 

four terms defined above) estimated using nonlinear least squares.  This model was fit, producing 

the output and fitted dose-response curves through the mean responses shown in Figure 18. 
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Figure 18 

Dose-Response Curves 

 

Note. Nonlinear logistic growth model comparing mean cough frequency at capsaicin doses 1-4 

for each condition. “2B” is used as the abbreviation for “2-back task.” 

Table 7 shows the coefficients for this model. 

Table 7 

Coefficients 

Parameter Estimate SE t-value p-value 

E0 1.01 1.33 0.760 0.450 

ΔE0 1.18 0.98 1.200 0.233 

δ 2.07 2.37 0.875 0.384 

Δδ -0.73 1.26 -0.575 0.567 
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Focusing on ΔE0 (the mean cough frequency at model-predicted dose level 0 for the CCT 

with 2-back condition) and Δδ (the mean change in the dose-response rate parameter from the 

CCT without 2-back to the CCT with 2-back condition), there is no statistically significant 

difference in the initial cough frequencies between the two conditions (p = 0.233). The difference 

in the dose-response rate parameter δ between the two conditions is 0.73 units greater for the 

CCT without 2-back condition. While this suggests there is slightly greater change in cough 

frequency across doses in the condition without attentional manipulation, this difference is 

statistically insignificant (p = 0.567) and reflects only 10-13 data points per dose as well as lots 

of variation between individuals.  

Relationship Between Cough Frequency and UTC. A Spearman’s rank-order 

correlation was run to assess the relationship between UTC and cough frequency using data from 

the CCT without 2-back condition (i.e., control condition). Neither variable was normally 

distributed (Shapiro-Wilk’s test < .05), so a Pearson Correlation Coefficient was not run. 

Preliminary analysis showed the relationship to be monotonic, as assessed by visual inspection of 

a scatterplot. There was a statistically significant, strong positive correlation (Shober et al., 2018) 

between UTC and cough frequency, rs(44)= .864, p< .0005. See Figure 18. 
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Figure 18 

Correlation Between Cough Frequency and UTC in CCT Without 2-back Condition 

 

Note. This figure shows the relationship between total cough frequency and UTC from the 

control condition (e.g., CCT without 2-back). 

UTC 

Given the insignificant findings in the cough frequency dose-response analyses and the 

very strong correlation between UTC and cough frequency, there was no suspicion there would 

be any significant findings with an UTC dose-response curve analysis. (See Figure 19 for UTC 

median results by dose for visualization of this data.) Instead, difference in median UTC between 

conditions was examined with a sign test. UTC data were not symmetrically distributed 

(visualized with a histogram) violating assumptions to run a higher power nonparametric test 

such as Wilcoxon’s signed rank test. Data are median, unless otherwise stated. Participants had 

nearly the same UTC while completing CCT without 2-back (median UTC= 2.75) compared to 

CCT with 2-back (median UTC= 2.25). UTC decreased by a median of -.25 and this was not 

statistically significant, z= -.6, p= .55. See Figure 20 for sign test results.  
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Figure 19 

Median UTC Results for Each Dose by Condition 

 

Note. The median UTC at each dose of capsaicin is shown for each condition.  

Figure 20 

Median UTC Comparison Between Conditions 

 

Note. Comparison of median UTC ratings between conditions. The circle indicates two outliers 

more than 1.5 standard deviations from the mean.  
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2-back task percent accuracy 

Baseline accuracy with the 2-back task was compared to accuracy during the CCT with 

2-back condition. Range of accuracy in baseline 2-back was 55-100% with accuracy mean (SD) 

of 78% (18). Results were nearly identical in the condition where 2-back was completed 

simultaneously with CCT with a range of 55-100% and mean accuracy of 79% (17). There were 

two outliers more than one-and-a-half standard deviations from the mean and two outliers more 

than three standard deviations from the mean. The data were not normally distributed (assessed 

with Shapiro-Wilk’s test of normality, p=.02). Because of the data outliers and lack of normal 

distribution, a non-parametric test was selected. The data were not symmetrically distributed 

with visual inspection of a histogram so Wilcoxon’s signed rank test could not be completed.  

A sign test was conducted to compare median differences in 2-back task accuracy 

between the two conditions. Data are median, unless otherwise stated. Participants had a higher 

median score of 85% in the CCT with 2-back task condition compared to a median score of 78% 

in the control task (without 2-back). The median score decreased by one percentage point 

between conditions, and this was not statistically significant z= -1.21, p= .23. See Figure 21 for 

2-back task accuracy results by condition.  
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Figure 21 

Mean 2-back Task Accuracy by Condition 

 

 

 

 

 

 

 

Note. Comparison of mean 2-back task accuracy between conditions. 

2-back task accuracy and cough frequency 

 A simple linear regression analysis was conducted to examine the relationship between 

mean change in 2-back task accuracy and cough frequency. To assess linearity, a scatterplot of 

mean change in 2-back accuracy and cough frequency, with a superimposed regression line, 

were plotted. Visual inspection indicated a subtle linear relationship between the variables. There 

was homoscedasticity and the residuals were largely normally distributed. The prediction 

equation was: mean change in cough frequency = .47 - (.08 * mean change in 2-back task 

accuracy). Mean change in 2-back task accuracy did not statistically significantly predict cough 

frequency, F(1, 11) = 2.29, p= .16, accounting for 17% of the variance in mean change in cough 

frequency, with adjusted R2=  10%, a very weak association (Cohen, 1988). See Figure 22 for 

results. 
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Figure 22 

Relationship Between Mean Change in 2-back Task Accuracy and Cough Frequency  

 

Note. The relationship between mean change (change from control to experimental condition) in 

2-back task accuracy and cough frequency is shown. 
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Chapter 5: Discussion 

 The purpose of this study was to contribute to the mechanistic understanding of how higher-

level brain activity influences cough reflex sensitivity (CRS) in patients with cough hypersensitivity 

syndrome (CHS). There is a small body of research showing attentional manipulation reduces CRS in 

healthy individuals as they have decreased cough frequency and urge-to-cough (UTC) with distraction 

(Janssens et al., 2014; Perry & Troche, 2019). Thirteen participants underwent cough challenge testing 

(CCT) with individualized doses of nebulized capsaicin with and without the addition of a visual 

working memory 2-back task. The effect of manipulating attention on cough frequency and UTC was 

examined.  

Impact of attentional manipulation on cough frequency, UTC, and 2-back task 

It was hypothesized that attentional manipulation would significantly decrease CRS in this 

sample of patients with CHS. However, there was insufficient evidence to reject the null hypothesis of 

no difference between conditions as changes in cough frequency and UTC were insignificant. In fact, it 

was just as likely that participants had increased coughing in the CCT without 2-back condition as they 

did in the CCT with 2-back condition. A dose-response curve analysis showed some indication that 

participants coughed at a greater rate between model predicted dose 0 and dose 4 in the CCT with 2-

back condition compared to CCT without 2-back, but this difference was insignificant. As is reported 

elsewhere in the literature (Davenport et al., 2002, 2007; Vovk et al., 2007), UTC and cough frequency 

had a strong positive correlation highlighting the close relationship between the sensory and motor 

components of capsaicin-induced cough.  

In the present study there is no evidence to support a conclusion that cognitive resources were 

allocated any differently between the control and experimental conditions. Attention is the means by 

which cognitive processing resources are allocated to various stimuli (Broadbent, 1957) and when 
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presented with two or more tasks simultaneously there is often degradation in one or both tasks (Pashler, 

1994). In their study with healthy individuals, Perry & Troche (2019) concluded that cough frequency 

and UTC were reduced while being processed simultaneously with a cognitive distraction task and this 

was likely due to capacity sharing limitations. If CRS had been affected by capacity sharing in the 

present study, it would be expected that change in 2-back task accuracy would have significantly 

predicted change in cough frequency, which it did not. If there had been a serial processing delay from 

cognitive resource bottlenecking or cross-talk interference, it would be expected that 2-back accuracy, 

cough frequency, or UTC would have been significantly changed from the control state, which they 

were not.  

Instead, findings were notable for the extreme individual variability seen in cough frequency in 

the CCT without 2-back condition (i.e., control condition). Participants were told to allow their body to 

react naturally and cough if they needed, to prevent any tendencies toward cough suppression, with each 

inhalation of capsaicin. Hypothetically, this should have taken at least most of top-down inhibitory 

activity offline during these trials, revealing the effect of capsaicin on the peripheral system (i.e., vagal 

afferent system). It was expected that participants would have a consistent, dose-dependent cough 

frequency response to serial doubling doses of capsaicin as is seen in the healthy population (Collier, 

1984; Fuller, 1988; Davenport, 2007), but they did not. There were two participants who had 

consistently increased cough frequency from doses 2-4, and six who had increased cough frequency 

from doses 3-4. These findings show that as the concentrations increased there was an emerging trend 

of more consistent dose-dependent response, but this was only present in less than half of participants, 

even at the two highest doses administered.  

This lack of predictable dose-dependent response to increasing capsaicin concentrations may 

reflect several of the unknown characteristics that influence CRS in this patient population. First, it is 
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not known to what degree or by which mechanisms sensitization of the peripheral vagal afferent system 

(e.g., jugular chemoreceptor sensory fibers) and central nervous system may vary from person to person 

and what individual characteristics, if any, modulate this (Mazzone, 2019). Many patients with CHS 

anecdotally report variability in their cough severity with “good days and bad days.” This phenomenon 

has been captured in a few studies with ambulatory cough frequency monitoring (Decalmer, 2007; Hsu, 

1994) but more studies are needed to gain a better understanding of this individual variability and the 

factors that may underly it. Some work has taken place examining variables such as age (Lai, 2019; 

Song, 2014; Newnham, 1997) and sex (Morice, 2014; Kavalcikova-Bogdanova, 2018) that may 

influence individual variability in CRS, but much more research is needed to begin to understand these 

and other factors.  

Additionally, at least some of the variability in cough frequency and UTC response may be 

explained by an unexpected tachyphylaxis effect, although stringent measures were taken to control for 

this (Davenport, 2007; Hilton, 2013). The cases that highlight this are P7 (Figure 11) and P11 (Figure 

15). P7 had 18 coughs on dose 3 and zero coughs on dose 4. P11 had six coughs on dose 2 then zero 

coughs at doses 3 and 4. There are no robust theoretical explanations as to why these participants would 

suddenly demonstrate a lack of response to the highest capsaicin concentrations except that their vagal 

afferent systems were temporarily desensitized from the capsaicin exposure. More studies are needed 

to explore the variability in individual response to repeated inhalation of capsaicin concentrations in this 

patient population, and studies using CCT to measure an intervention effect should be cautious of the 

risk of interpreting this individual variability as a treatment effect. 

The insignificant differences in cough frequency, UTC, and 2-back task accuracy between 

conditions highlight the apparent lack of altered or depleted cognitive processing resources in the 

experimental condition. There are several possible explanations for this beyond individual variability in 
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CRS in this patient population. The chronic nature of CHS and the psychosocial factors associated with 

living with a chronic condition should be considered as having a potential influence on allocation of 

cognitive processing resources in this study. 

The chronicity of CHS symptoms including hypertussia, allotussia, and laryngeal parasthesia 

(Chung, 2011, 2016; Driessen, 2017; Morice, 2011; Singh, 2020) may lead to persistent reinforcement 

of the pathological sensorimotor response in neural networks via mechanisms of neural plasticity. Given 

repetition is a driver of motor skill learning (Racine, 1995; Monfils, 2005) it follows that the related 

sensory stimulus of UTC (driven by enhanced activity in the midbrain, Ando et al., 2016; Zambreunu 

et al., 2005) and motor output of the cough event become highly associated and neural networks 

strengthened via principles of Hebbian learning (Hinton & Sejnowski, 1999; Augustine et al., (Eds.), 

2008). Hypothetically, it could be possible that there is also influence from a supervised learning system 

(i.e., the striatum, Graybiel & Grafton, 2015) where for unclear reasons, the chronic output of coughing 

events cannot be modified to match the individual’s desired output of, “don’t cough,” leading to high 

error between the desired pattern and current output (Knudsen, 1994). In this manner, chronic coughing 

may get stuck in a perpetual loop of a reinforced undesirable outcome (i.e., error that cannot be 

minimized) stimulating more and more long-term potentiation of the pattern. Because of this chronic 

pattern, it could be that fleeting attentional manipulation would be too weak to alter the neuroplastic 

mechanisms that have reinforced the learning of coughing as the motor output, therefore leading to no 

meaningful changes in cough frequency or UTC in the presence of distraction.   

Another relevant component to understanding how cognitive processing resources may have 

been allocated in this study relates to the difference in how healthy individuals and individuals with 

CHS may experience cough as a symptom. There are several examples in the literature of how beliefs 

about the relevance of their illness can increase coughing in patients with asthma (Rietveld, 2000) and 
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how environment and social context can increase coughing in healthy individuals (Pennebaker, 1980). 

Through this lens, it can be posited that coughing elicited in CCT would be unusual for healthy 

individuals and may elicit a higher level of cognitive arousal or prioritization of cognitive resources for 

sensorimotor processing, given the relative novelty of the experience.  In contrast, patients with CHS 

experience cough as omnipresent in daily living and this likely shapes the internal schema around the 

symptom differently from how healthy individuals. The experience of coughing during CCT would be 

likely to divert no more than minimal cognitive processing resources for participants with CHS, leaving 

adequate resources for the cognitive task.  

Janssens et al., (2014) discussed the possibility that maintaining a persistent interoceptive focus 

on symptoms (e.g., UTC) might reinforce the chronicity of the presence of the UTC and possibly 

contribute to the genesis of CHS. While this study’s findings can neither confirm nor refute this, as 

participants were not given explicit instructions to focus their attention interoceptively or externally, it 

did not appear participants had a natural inclination to prioritize internal sensations or external 

distraction. More studies examining participants’ thoughts and beliefs about their illness paired with 

functional brain imaging studies may be the key to better understanding how this interaction between 

interoceptive focus and allocation of cognitive resources for sensorimotor experience of cough may play 

out in CHS.  

Limitations 

There are several limitations that should be considered when interpreting the strength of 

study findings including the 2-back task, methodology for which capsaicin concentrations were 

individualized, and the small sample size. 

Participant prior exposure  
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 Participants all had prior exposure to cough challenge testing (CCT) from participating in 

prior research on refractory chronic cough in our lab. Participants had each undergone CCT at 

least three times before participating in this study so were familiar with the general procedures 

for cough reflex sensitivity testing. There were at least three months between time of termination 

of the prior clinical research and start of this study, which was a more than sufficient wash-out 

period for prior capsaicin exposure.  This prior experience could have subconsciously influenced 

expectations about the experience of urge-to-cough (UTC), discomfort, or anticipation of effect 

from capsaicin inhalation, but the use of placebo physiologic saline trials and different testing 

and experimental procedures should have all countered this prior exposure and does not seem to 

have influenced results in any way.  

2-back task 

 There were inherent limitations with selecting the 2-back task as the distraction for which to 

manipulate attention in this study. This study used a visual working memory task and not an auditory 

attention task as was used in the healthy studies (Janssens et al., 2014; Perry & Troche, 2019). This was 

thought to be a reasonable decision as N-back tasks are validated and reliably engage visual working 

memory (Kane, 2007), which was hypothesized to similarly manipulate attentional resources between 

two tasks (albeit with different cognitive constructs). However, without a healthy control, it is unknown 

if the results seen in Perry & Troche (2019) and Janssens et al. (2014) would have been repeated in 

healthy individuals in this study. Given the exploratory nature of this work a healthy control group was 

not included and this is a significant limitation to interpreting the strength of the study results. Future 

research might strive to both replicate this study design with the addition of a healthy control group and 

assess the replicability of Janssens et al. (2014) and Perry & Troche (2019) results with the auditory 

attention task. This might shed light on if the specific cognitive constructs chosen to manipulate attention 
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(e.g., visual working memory versus auditory attention) appear to have an impact on how cognitive 

processing resources are allocated during the two concurrent tasks.  

Another limitation related to the 2-back task is the difficulty level of “2-back” was selected 

arbitrarily as there was no literature to inform selection of an optimal difficulty level for this type of 

study. The goal was to select a cognitive task that would not be overwhelmingly challenging, as this 

could potentially lead to a ceiling effect or increase anxiety, while also being challenging enough to 

require sustained cognitive processing resources across the trials. The PI considered setting a minimal 

level of accuracy that would need to be met at baseline (e.g., 80%) to select the N-back level (e.g., 1-

back or 2-back) but this was ultimately not included in study procedures as this would have potentially 

introduced variability in the cognitive constructs recruited during the task and potentially alter how 

cognitive processing resources were allocated in the two conditions. While this decision made it possible 

to examine the relationship between 2-back task change across a wide range of accuracy and cough 

frequency, the small sample size limited the power of gaining a complete understanding of this 

relationship and it is possible there would have been different results if all participants performed 

similarly at baseline on the 2-back task.  

Another consideration to generalizing results from this study is the 2-back task may not have 

been salient enough to the participant to capture an effect that attentional manipulation may have in 

daily life. The 2-back task does not mimic activities carried out in daily living and it may be the case 

that emotional investment in a highly salient work-or home-related task (e.g., cooking, paying a bill, 

working a puzzling, reading) influences allocation of cognitive resources differently. In fMRI studies 

examining UTC, the limbic system has an important and yet poorly understood role (Mazzone et al., 

2007) and it may be that emotional stimulation relevant to the individual could result in a different effect 

on the sensorimotor processing of cough than was elicited with the 2-back task used in this study. 
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Finally, an unexpected observation was how participants responded to completing the 2-back 

task. There were a few cases where participants were overtly self-competitive, expressed their desire to 

attain a perfect score, and asked questions wanting to know their accuracy and which trials they had 

missed, if any. They were told this information after completion of the study. One participant became 

flustered and visibly frustrated during the baseline 2-back task, saying in a loud voice a few times that 

she was unhappy with the task and wanted it to end. Two other participants reported either currently or 

historically being caregivers for family members with advanced dementia and expressed their concerns 

about their own cognitive function and performance on the 2-back task. These observations were made 

informally and no investigation into their performance or impact on outcomes was made based on this 

information, but it brings up an interesting and unexpected component of participant reaction to 

completing a structured cognitive task. Additional studies undertaking similar procedures could 

consider using a task where the cognitive component is subtler and less overt to control for performance 

related variation within the sample. 

Capsaicin concentration selection 

  The methodology used to select the capsaicin concentrations administered in the CCT 

with and without 2-back conditions resulted in much more usable data (65% response rate in 

CCT with 2-back and 61% in CCT without 2-back) than reported in the healthy studies where 

preselected doses were used (45% in Perry & Troche, 2019; and 36% in Janssens, et al., 2014), 

but was not without limitations. The methodology used in this study to tailor study procedures to 

an individual’s C2 level revealed unexpected high variability in C2 repeatability. C2 

repeatability within one doubling dose was 77% in this study and is substantially lower than the 



 

 
 

74 

 

95% (O'Connell et al., 1996) and 92% (Dicpinigaitis, 2003) reported in the literature for healthy 

individuals4.  

In retrospect, it may have been a stronger design to complete CCT going beyond C2 to 

the highest level of capsaicin that could be tolerated by a participant and use this testing period 

as the control condition. This would have provided more data points and the ability to expand on 

the pharmacological dose-response curve analysis that was somewhat limited with only four 

doses to analyze. However, if this design was chosen, the order of conditions completed could 

not have been counter balanced as it was in this study, and the experimental phase of the study 

would have needed to be completed at least two hours after the control to reduce the risk of 

tachyphylaxis (Morice, 2007), creating a few more internal validity issues. 

Sample size 

Finally, the small sample size limited the power of several statistical analyses including 

examination of an order-effect on cough frequency dose-response. This was the first study of its kind in 

patients with CHS and a decision about the sample size was drawn from related studies in healthy people 

volunteers. It was determined that 13 participants would likely be enough to detect an effect if one 

existed or at least point in the direction of a trend, but ultimately, this decision was arbitrary. This study 

was set up to be powered to detect differences between conditions in cough frequency and UTC but was 

likely underpowered for the dose-response analysis which ended up being the analysis of greatest 

interest. 

 
4 To the best of the PI’s knowledge there is no C2 repeatability for a sample of patients with CHS reported 

in the literature. Prudon et al., (2005) reported a .89 Intraclass Correlation Coefficient for 2-week logC2 

repeatability for a mixed sample of healthy individuals and those with chronic cough of various etiologies including 

asthma, eosinophilic bronchitis, and CHS, but it was not possible to compute a percentage of repeatability within 

one doubling dose from their raw data. They did indicate their C2 repeatability findings were “broadly similar” to 

Dicpinigaitis et al., (2003).  
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Chapter 6: Conclusions 

 This study set out to provide insight into the way higher-level brain activity may influence 

cough reflex sensitivity (CRS) in patients with cough hypersensitivity syndrome (CHS). Cough 

frequency and UTC are significantly decreased in the presence of distraction in healthy individuals 

(Janssens et al., 2014; Perry & Troche, 2019) and it was hypothesized the same effect would be seen 

in a group of individuals with CHS. Contrary to the study hypothesis, there were insignificant 

differences in cough frequency, UTC, and 2-back accuracy when cough challenge testing (CCT) was 

completed with and without an extraneous visual working memory 2-back task. The underlying 

mechanisms behind CHS including peripheral and central sensitization and changes in higher-level 

brain activity likely explains these findings, including significant individual variability among 

participants.  

These results contribute to the growing evidence regarding the heterogeneity of CRS in patients 

with CHS (Ando et al., 2016; Chung, 2011; Driessen et al., 2017; Mazzone & Farrell, 2019). 

Participants in this study had highly variable responses to increasing doses of capsaicin and low C2 

repeatability. Given the variability seen within this study sample, future studies involving patients with 

CHS should utilize pharmacodynamic endpoints to sensitively measure CRS via a dose-response curve 

and not C2 (Hilton, 2013). It appeared that sensitized peripheral mechanisms rather than top-down 

inhibitory brain activity was likely responsible for the variability in responses seen, as there was 

insignificant change in cough frequency, UTC, and 2-back task accuracy when attention was 

manipulated across two tasks.   

It is possible that the up-regulated CRS in these patients is too chronic (and thus reinforced 

within the sensorimotor system) to be easily modified with fleeting external distraction. If an effect had 

been found, then perhaps teaching patients strategies to distract away from the internal experience of 
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the UTC (to avoid reinforcing allocation of cognitive resources toward the UTC) could have been a path 

for additional exploration for therapeutic benefit (Janssens et al., 2014). Instead, more promise for 

therapeutic benefit may lie in existing approaches that maximize metacognitive strategies with overt 

training of volitional cough suppression, such as behavioral cough suppression therapy. 

Behavioral cough suppression therapy offered by voice-specialized speech-language 

pathologists is one of the most effective treatments currently available to patients with CHS and is 

shown to result in clinically significant improvements in cough-related quality of life in 88% of cases 

(Chamberlain-Mitchell et al., 2016, 2019; Ryan et al., 2010; Vertigan, et al., 2006; Slovarp et al., 2021). 

A key component of this therapy is training patients to suppress their UTC. This undoubtedly involves 

increased metacognitive skills to internally monitor the UTC sensation and intentionally inhibit the 

motor cough response that is driven to satisfy the UTC (Davenport, 2008; Hegland et al., 2012).  

Preliminary work shows that behavioral cough suppression therapy utilizing progressive 

concentrations of nebulized capsaicin to elicit an UTC that can be consistently suppressed is a promising 

treatment for patients with CHS (Slovarp et al., 2022; Slovarp & Bozarth, 2019). What is not yet known 

is if this treatment works by desensitizing the peripheral cough receptors or creates a central change in 

the brain by potentially strengthening supramedullary inhibitory networks (Slovarp et al., 

2022).  Additional research is needed to test the components of behavioral cough suppression therapy 

with and without the addition of capsaicin concentrations as well as sham treatments to isolate the 

peripheral and central mechanisms behind CHS.  

Future directions 

While it can be confidently stated that attentional manipulation had no effect on CRS in this 

study, it is unknown how replicating a similar study in highly contextually salient conditions and with 

a larger sample may have resulted in a different outcome. The cognitive task used in this study to 
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manipulate attention across two tasks was not salient to participants and did not reflect the practical 

experience of being confronted with highly interesting, surprising, or socially or emotionally-driven 

stimuli in the real world. Certainly, a greater understanding of the role of functional cognitive 

performance as well as the internal narratives about their experience living with a chronic disorder 

(range of duration living with RCC was 2-25 years) may all offer insights and avenues for therapeutic 

breakthroughs for this patient population and should be pursued (Cioffi, 1996; Janssens et al., 2014; 

Pennebaker, 1980; Pennebaker & Skelton, 1981).  

The key to understanding how higher-level brain activity is involved in CHS likely lies 

somewhere between the perceived experience of UTC and motor cough response (Davenport, 2008; 

Hegland et al., 2012). Functional magnetic resonance imaging studies show activation of the insula, 

right inferior parietal lobe, precentral cortex, and cingulate gyrus with capsaicin-induced UTC (Farrell 

et al., 2012; Mazzone et al., 2011) which reinforces the hypothesis that the experience of assessing and 

perceiving UTC requires higher-level cognitive processing resources (Davenport, 2008; Hegland et al., 

2012). These areas of the brain are hypothesized to be important for attention, monitoring, and 

perception of the intensity of the sensory UTC information, localizing the source of irritation (i.e., to the 

larynx), and likely other components needed to prompt the motor response to cough or suppress a cough 

(Farrell et al., 2012). 

A better understanding of the role of higher-level brain activity in the UTC network is needed 

to continue developing and enhancing available treatments for CHS. While attentional manipulation via 

completing two tasks simultaneously in this study did not have a significant effect in changing CRS, 

there is still potential for active and intentional use of metacognitive (i.e., thinking about one’s own 

thinking) strategies, such as those used in cognitive behavioral therapy (CBT), to optimize volitional 

cough suppression. Intentional training in CBT strategies to recognize unhelpful patterns of thinking 
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and behaviors (i.e., excessive coughing) and replacing them with helpful or neutral patterns of 

interoceptive awareness may enhance treatments for CHS, as they do for asthma (Kew et al., 2016) and 

COPD (Heslop-Marshall et al., 2018). Additional research is needed to isolate the peripheral and central 

mechanisms behind CHS and future studies investigating the higher-level brain mechanisms involved 

with CRS should utilize brain imaging technology to help unveil how the interplay between the 

peripheral and central sensorimotor systems and precentral cognitive systems work in tandem.  
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Appendix A 

FDA IND # 142148 Approved on 01/03/2019 

Chemistry, manufacturing, and control data (21 CFR 312.23(2)(7)  

Chemistry, manufacturing, and control data (21 CFR 312.23(2)(7)  

Pharmeucitical USP grade capsaicin (≥95%) will be purchased from Formosa 

Laboratories, Inc. (DMF #016769) and stored in a refrigerator between 2-8°C. All stock 

solutions and dilutions will be sterile filtered using a 0.2µM filter into sterile vials in a 

Horizontal Laminar Airflow Workstation with IV Bar. Stock solutions (.1M, .01M, and .001M) 

will  be made by  dissolving powdered capsaicin in sterile, USP grade 200 proof ethyl alcohol 

from Decon Labs, Inc. Stock solutions will be diluted with Airlife sterile USP grade .9% Sodium 

Chloride INHALATION Solution to make doubling concentrations between .49 μM – 1000 μM. 

Stock solutions and dilutions will be placed in sterile opaque vials (to shield from ultraviolet 

light) and stored in a refrigerator between 2-8°C. All stock solutions and dilutions will be labeled 

with the concentration and date as well as the following caution statement: “New Drug – Limited 

by Federal Law to Investigational Use”.  

Stock solutions will be maintained for no more than six months. Dilutions will be for 

single use only and will be maintained for no more than 24 hours if refrigerated and no more 

than 4 hours at room temperature. We will use Stability Indicating Method (SIM) as 

a quantitative analytical procedure to detect a decrease in the amount of capsaicin over time in 

our stock solutions. We will use a simple precise and accurate stability indicating reverse-phase 

high-performance liquid chromatographic (RP-HPLC) assay to analyze capsaicin (CAP) 

degradation.  Stock solutions and individual doses of dilutions will be passed through a Millipore 

0.2µM filter to ensure sterility prior to patient testing. Random samples of each batch will be 
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sent to a laboratory for culture for sterility testing (as described in Brooks et al., 2016). Table 4 

below indicates the exact amount of ethyl alcohol, saline, and capsaicin stock solution in each 

concentration, when making 20 mL.  

Table 4:  

Amount of stock solution and saline in each concentration to make a 20 mL solution.  

 

1000 µM 500 µM 250 µM 125 µM 62.5 µM 31.25 µM 15.625 µM 7.8125 µM 3.91 µM 1.95 µM .98 µM .49 µM 

Use Stock 0.1 M 0.1 M 0.1 M 0.1 M 0.01 M 0.01 M 0.01 M 0.001 M 0.001 M 0.001 M .001 M .001 M 

Dilution of Stock 1:100 1:200 1:400 1:800 1:160 1:320 1:640 1:128 1:256 1:512 1:1024 1:2048 

             

To make 20ml fv 
            

Volume of Stock 200 µL 100 µL 50 µL 25 µL 125 µL 62.5 µL 31.25 µL 156.25 µL 78.13 µL 39.1 µL 19.55 µL 9.77 µL  

Volume of Saline 19.80 mL 19.90 mL 19.95 mL 19.975 

mL 

19.875 mL 19.938 mL 19.969 

mL 

19.844 mL 19.922 

mL 

19.961 

mL 

19.98 mL 19.99 mL 

Final Volume 20 mL 20 mL 20 mL 20 mL 20 mL 20 mL 20 mL 20 mL 20 mL 20 mL 20 mL 20 mL 

 

Environmental assessment (21 CFR 312.23(a)(7)(iv)(e))  

We claim categorical exclusion for the study under this IND. To our knowledge, no 

extraordinary circumstances exist. 

Pharmacology and toxicology data (21 CFR 312.23(a)(8)) 

  Capsaicin is a naturally occurring alkaloid derived from chilies. It is a TRPV1 receptor 

agonist, which is a trans-membrane receptor-ion channel complex commonly expressed on 

sensory fibers. When activated, the channel transiently opens and initiates depolarization due to 

the influx of calcium and sodium ions. Depolarization results in action potentials, which send 

impulses to the brain and spinal cord. These impulses result in sensations such as warming, 

tingling, itching, stinging, burning, or coughing. Capsaicin is commonly prescribed in cream 

form for neuropathic pain because of its analgesic effect. Participants will never handle capsaicin 

or capsaicin solutions during this study.  The PI and trained research assistants will place the 
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capsaicin solutions in the DeVilbiss 646 nebulizer during testing and treatment sessions. While 

studies have shown an increased cancer risk from capsaicin exposure in doses above 100 mg/kg 

of body weight, low-dose capsaicin exposure has actually been shown to have an anti-cancer 

effect (Rollyson et al., 2014). The amount of capsaicin we propose to use as a cough stimulant is 

incredibly small. In fact, the NP1EG strain of habanero chili pepper has 59.5146 ± 0.64 mg g–1 

of capsaicin in the whole fruit (Canto-Flick, 2008). Even if we exposed our participants to 10 

exposures of 1000 µM concentration (the highest concentration we propose to use), this amount 

would be ~100,000 (actual 98,361) times smaller than a habanero chili pepper. Capsaicin also 

has an in-vitro half-life of 2.3 to 4.1 minutes (Reyes-Escogido, et al., 2011). Given this, capsaicin 

will be fully metabolized within an hour of completing each session. Please see Brooks et al. 

(2016), Hayman and Cam (2008), and Morice et al. (2007) for further details on pharmacology 

and safety during inhalation cough sensitivity testing. Please also refer to DMF #016769.  

Previous Human Experience (21 CFR 312.23(a)(9)) 

Inhalation capsaicin cough-sensitivity testing has been used world-wide in cough 

research over the past 30 years. The European Respiratory Society (ERS) established guidelines 

for this testing in 2007, which will be used in our research. Dicpinigaitis and Alva (2005) 

reviewed 122 published studies from 1984 - 2003 involving capsaicin cough challenge testing. 

He even “personally contacted the authors of the studies to absolutely confirm that no serious 

side effects of capsaicin cough challenge testing had occurred” (p. 196). Of the 4,833 

participants who had undergone capsaicin cough challenge testing, there was not a single 

serious adverse effect reported (Dicpinigaitis & Alva, 2005). Brooks et al. (2016) recently 

published a paper titled “Laboratory Safety of Capsaicin Inhalation in Healthy Younger and 

Older Populations: Potential Template for Inhalation Research” (Brooks et al., 2016). They too 
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did not have a single adverse effect in 40 human participants. We recently completed a proof-of-

concept study where five healthy adults underwent the treatment procedures proposed in this 

application at a frequency of 3 times per week. Zero adverse effects were reported. A manuscript 

of the study is currently in-press with a peer-reviewed journal. Please see the attached published 

articles for additional information related to safety and use of aerosolized capsaicin on humans.  
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Appendix B 

Eligibility Testing Results  

Participant ID CTMT 

t-score 

Symbol Span 

Scaled Score 

PHQ-9 FEV1% predicted FEV1/FVC 

P1 43 12 0 0.8 71.2 

P2 63 13 3 1.04 81.3 

P3 56 13 4 1.04 79.7 

P4 61 10 4 0.91 83.5 

P5 75 12 1 0.87 84.5 

P6 63 13 3 0.85 84 

P7 47 8 4 1.08 70 

P8 62 11 2 0.91 70 

P9 59 12 2 71.8 71.8 

P10 43 12 1 1.05 86.5 

P11 60 11 1 0.76 73 

P12 58 14 1 1.07 82.6 

P13 48 12 5 0.76 70.8 
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Appendix C 

Participant Demographic Information 

PARTICIPANT 

ID 
AGE SEX COUGH 

DURATION 

IN YEARS 

NUMBER OF 

PHYSICIANS 

SEEN FOR 

COUGH 

HISTORY 

OF 

PRIOR 

BCST? 

COUGH 

SEVERITY 
WORKING 

ON COUGH 

SUPPRESSION 

IN DAILY 

LIFE? 

MEDICATIONS 

P1  75 F 25 3 Yes Moderate Yes Saline nasal spray 
or nasal rinse  

P2 73 F 13 4 Yes Moderate Yes Reflux 
medication (e.g., 

Omeprazole, 

Pepcid) 

P3 57 F 5 4 Yes Mild Yes None  

P4 65 F 14 5 Yes Severe Yes Allergy 

medications (e.g., 

Claritin, Zyrtec) 

P5 54 M 10 2 Yes Mild No Allergy 

medications (e.g., 

Claritin, Zyrtec) 

P6 72 F 2 2 Yes Moderate No Allergy 

medications (e.g., 

Claritin, Zyrtec) 

P7 67 F 15 3 Yes Mild Yes Reflux 

medication (e.g., 

Omeprazole, 
Pepcid) 

P8 44 F 15 8 Yes Severe Yes Inhalers  

P9 58 F 20 10 Yes Severe Yes None  

P10  44 F 11 3 No Moderate No Reflux 

medication (e.g., 

Omeprazole, 
Pepcid) 

P11 67 F 8 6 Yes Mild Yes Reflux 
medication (e.g., 

Omeprazole, 

Pepcid) 

P12 52 F 5 4 Yes Moderate No Reflux 

medication (e.g., 
Omeprazole, 

Pepcid) 

P13 63 F 30 6 Yes Moderate No None 

 


	THE EFFECT OF ATTENTIONAL MANIPULATION ON COUGH REFLEX SENSITIVITY IN PATIENTS WITH COUGH HYPERSENSITIVITY SYNDROME
	Let us know how access to this document benefits you.
	Recommended Citation

	Chapter One: Introduction
	Background
	Statement of the Problem
	Purpose
	Research Questions and Hypotheses
	Research Question
	Hypothesis


	Chapter Two: Literature Review
	The Cough Reflex
	Connections Between Sensitized Cough and Pain
	Higher-Level Brain Influence on Cough
	UTC: The Link between Perception and Action in Cough

	Chapter Three: Research Design and Methodology
	Research Design and Procedures Overview
	Recruitment
	Eligibility Testing
	Inclusion Criteria:
	Exclusion Criteria:

	Eligibility Testing Criteria
	Cognitive and Depression Assessments
	Spirometry
	Progression to Experimental Study

	Experimental Study
	Baseline Cough Challenge Testing (CCT) to determine the level of capsaicin that elicited at least two coughs (C2)
	Baseline 2-back Task
	CCT With and Without 2-back Task

	Participants
	Data Analysis

	Chapter 4: Results
	Cough Frequency and UTC
	Cough frequency
	UTC

	2-back task percent accuracy
	2-back task accuracy and cough frequency


	Chapter 5: Discussion
	Impact of attentional manipulation on cough frequency, UTC, and 2-back task
	Limitations
	2-back task
	Capsaicin concentration selection
	Sample size


	Chapter 6: Conclusions
	Future directions

	References
	Appendix A
	Appendix B
	Eligibility Testing Results

	Appendix C
	Participant Demographic Information


