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1. INTRODUCTION 

 
Chronic coughing is estimated to affect 10% of the population and can be associated 

with significant impacts on patients’ quality of life. The cough reflex is mediated by the 

vagus nerve and therefore is intrinsically a component of the autonomic nervous system. 

Increasing evidence supports the concept that chronic coughing may occur as a 

consequence of hyperexcitability of the neuronal pathways controlling the cough reflex, 

which may affect the peripheral and/or central nervous system. For example, patients 

with chronic cough report coughing in response to innocuous exposures to environmental 

irritants and activities not normally expected to trigger coughing such as 

talking/laughing, eating and drinking [1]. It is also well established that they exhibit 

heightened cough responses to a variety of experimental inhaled irritants [2, 3]. 

However, to date, no study has explored whether chronic cough patients exhibit other 

symptoms consistent with broader dysregulation of the autonomic nervous system. 

Dysautonomia is thought to be associated with a variety of conditions characterised by 

neuronal/visceral hypersensitivity. Examples include evidence for cardiovascular 

autonomic impairment in patients with IBS [4], fibromyalgia [5], and complex regional 

pain syndrome [6]. Chronic cough mainly affects post-menopausal females [7], a 

demographic which also seems to dominate patient groups suffering from other 

hypersensitivity disorders such as fibromyalgia [8]. 

The Composite Autonomic Symptom Score (COMPASS) 31 is a self-assessment 

instrument designed to capture autonomic symptoms and function. It is an abbreviated 

version of the Autonomic Symptom Profile, with a simpler scoring system and hence is 

easier to administer. It has been validated in a range of disorders and shown to have 

internally consistency [9-11]. It also has clinical value, for example in diabetes, it has a 

sensitivity of 75% for detecting the development of cardiac autonomic neuropathy [11, 

12] . It was recently used to track improvements in autonomic symptoms in a phase 3 

trial of a novel therapy for transthyretin amyloidosis [13]. 



The aim of this study was to investigate self-reported autonomic symptoms in chronic 

cough patients using the COMPASS 31 and compare this to an age and gender matched 

healthy volunteer group, investigating any association with cough severity and 

associated impacts of cough on quality of life. 

2. MATERIALS AND METHODS 

2.1.  Participants 

Chronic cough patients were recruited from the specialist tertiary cough clinic based at 

Wythenshawe Hospital, Manchester, UK, between 27th June 2014 and 2nd March 2017. 

Healthy volunteers were recruited from hospital staff, responders to advertisements, and 

healthy friends/relations accompanying patients to their clinic visit. All subjects were 

over 18. Chronic cough was defined as cough lasting longer than 8 weeks. Those with 

significant respiratory disease (e.g., chronic obstructive lung disease, bronchiectasis, 

idiopathic pulmonary fibrosis), current smokers or ex-smokers with a significant smoking 

history (>10 pack years) and those taking medication known to affect cough or 

autonomic function were excluded (i.e., neuromodulators such as gabapentin, 

pregabalin, morphine, amitriptyline). Those with conditions known to be associated with 

dysautonomia were excluded (i.e. fibromyalgia, diabetes, alcoholism, Parkinson’s 

disease, multiple sclerosis, amyloidosis, postural orthostatic tachycardia syndrome, 

multiple system atrophy, Familial dysautonomia and autoimmune neuropathies)  apart 

from IBS which is known to be associated with chronic cough. These patients were 

included with a plan to analyse the effect of this condition on the scores. Healthy 

volunteers were recruited to the same criteria as the patient group, although a diagnosis 

of chronic cough was not permitted in this group. This study was approved by Cambridge 

East Research Ethics Committee (14-EE-0215) and written informed consent was 

obtained from all participants. 

2.2. Study Design  



Study visits took place either at the NIHR Manchester Clinical Research Facility or in a 

suitable place arranged with the volunteer. Subject demographics were recorded. 

Medical history and current medications were ascertained by interviewing the subject. In 

the chronic cough patient group, duration of cough was recorded. All subjects then 

completed the questionnaires detailed below. 

2.3. Questionnaires 

COMPASS 31 is a self-reported, validated, autonomic symptom questionnaire. Covering 

six domains (orthostatic intolerance, vasomotor, secretomotor, gastro-intestinal, 

bladder, and pupillomotor) symptoms are scored 1 for present, 0 for absent and then 

scored on a scale of frequency, severity and whether they are improving or getting 

worse. A higher score indicates a greater autonomic symptom burden [9]. 

The Cough quality of life questionnaire (CQLQ) is a self-reported, validated questionnaire 

on the impact of cough on daily life. Subjects rate 28 cough-related statements on a four 

point Likert scale, ranging from ‘Strongly Disagree’ to ‘Strongly Agree’. A higher score, 

to a maximum of 112, indicates a worse quality of life. Six domains are covered, 

psychosocial, physical complaints, extreme physical complaints, emotional well-being, 

functional abilities and personal safety fears [14]. 

For the cough severity visual analogue scale (VAS) subjects place a mark on a 100 mm 

length line to indicate the current severity of their cough, where 0mm is no cough and 

100mm is the worst cough ever experienced. 

2.4. Statistical Analysis 

Questionnaire scores were compared between groups using Mann-Whitney-U tests and 

subject ages were compared using t-tests (SPSS V23.0.2). A Spearman’s rank 

correlation was utilized to investigate the relationships between questionnaire scores. 

Where a subject had failed to answer an item on a questionnaire in error, they were 

discounted from any analyses involving that questionnaire. A univariate general linear 



model (GLM) was used to investigate the factors within the study group which influenced 

the COMPASS 31 total scores and the domain scores.  

There are known effects of age and gender on autonomic symptoms and therefore a 

smaller dataset comprising of paired age and gender matched subjects and healthy 

controls was analysed using the same techniques as the full dataset.  

The study sample size of 100 chronic cough patients and 100 healthy volunteers was 

decided upon to allow adequate power for regression analysis; 10 subjects are required 

for each parameter to be tested [15]. 

3. RESULTS 

3.1. Participants 

One hundred chronic cough patients and 76 healthy volunteers completed the study. 

Due to errors in questionnaire completion, including missing answers, four chronic cough 

patients were omitted from the analysis. 96 chronic cough subjects and 76 healthy 

volunteers were included in the final analysis of questionnaire scores. The demographics 

of the included subjects are shown in Table 1. 

 

 
Chronic Cough 

N=96 

Healthy 

Volunteers 

N=76 

P 

Number Female (%) 71 (±77.1) 54 (71.1) 0.732 

Age (years) 59.7 (±12.6) 54.7 (12.3) 0.01* 

Smoking 

Status 

(Ex/Never) 
22/74 15/75 0.72 

Pack years 2.4 (1.4-5.8) 3.5 (2.2-7.3) 0.26 

Cough Duration 

(years) 
8 (5-18) 

-  

Cough Severity VAS (mm) 50 (±26-74) 
-  

CQLQ Score  Total 58.3 (±13.8) 
-  

CQLQ 

Domains 

Physical 

Complaints 
18.4 (±5.1) -  



Psychosocial 
13.1 (±3.7) -  

Functional 

Abilities 
10.2 (±3.7) -  

Emotional 

Wellbeing 
5.7 (±1.9) -  

Extreme 

Physical 

Complaints 

7.8 (±2.3) -  

Personal 

Safety Fears 
6.2 (±2.4) -  

 

Table 1: Demographics of included subjects. All data shown are mean (SD), except for 

number and % female. 

A Chi squared test showed no significant difference between the gender distribution of 

the groups. The mean age of the chronic cough group (59.7 years) was significantly 

higher than that of the control group (54.70 years), p=0.01, but only by 5 years. In 

order to ensure that this difference in age was not influencing our findings we repeated 

all the analyses described below in an aged matched subset of 63 participants. The 

findings from these analyses were no different from those described below. 

3.2. Autonomic Symptom Scores 

The total weighted COMPASS 31 score was significantly higher in the chronic cough 

group (median 18.4, IQR 7.5-32.0) than the control group (median 3.6, IQR 1.1-9.5), 

p<0.001, Figure 1. The chronic cough subjects also had significantly higher symptom 

scores compared with the healthy volunteer group in all domains (p≤0.001,) except for 

vasomotor symptoms (p=0.77), Figure 2. Removal of the five participants in the chronic 

cough group with diagnosed IBS did not alter the above findings. 

Spearman’s rank correlations were performed between the total COMPASS 31 scores, 

domains, and age for both subject groups and no significant correlations found. 

Nonetheless, a smaller dataset comprising age and gender matched chronic cough 

patients and healthy controls (age matching within five years) was also analysed and 



contained 63 subjects in each group. The difference in age was no longer significant, as 

expected, with the mean ages of the healthy controls being 54.4 years and chronic 

cough patients 55.1 years. Mann-Whitney U tests of the COMPASS 31 weighted total and 

domain scores repeated the findings of the analysis of the full dataset. Total weighted 

COMPASS 31 scores were significantly higher in chronic cough patients compared with 

healthy volunteers [median 16.7 (7.0-29.6) versus 3.6 (1.0-9.4), p<0.001]. The 

patients also scored significantly higher in all domains (orthostatic intolerance p=0.002, 

secretomotor p=0.002, gastrointestinal p<0.001, bladder P<0.001, pupillomotor 

p=0.032) except for the vasomotor symptoms (p=0.38). 

3.3. COMPASS 31 Score and Gender 

A comparison of total weighted COMPASS 31 scores between genders within each group 

was performed using Mann-Whitney-U tests. In the chronic cough group, females 

(median 21.3, IQR 8.8-33.5) scored significantly higher than males (median 9.6, IQR 

4.7-29.0) (p=0.04). A similar pattern occurred in the control group, with the females 

(median 4.7, IQR 1.1-16.0) scoring higher than the males (median 2.6, IQR 0.6-5.5), 

however this difference was not significant (p=0.12), Figure 3. 

3.4.Relationships between cough impact, severity and autonomic symptoms 

The correlation between the chronic cough subjects’ CQLQ and COMPASS 31 scores was 

significant (p<0.001, r=0.43), with a positive association between the scores, Figure 4. 

In contrast, there was no significant correlation between the cough severity VAS and 

COMPASS 31 scores (p=0.23).  

3.5.Regression analysis on COMPASS 31  

GLMs were used to analyse the combined influence of patient’s characteristics on the 

autonomic symptom scores in the chronic cough patients. Complete data for 82 patients 

was included in the models, shown in Table 2. A model including gender, age, cough 

duration, CQLQ total score and VAS score explained 24% of the variation in autonomic 



symptoms. Only the cough questionnaire scores had a significant influence on the total 

weighted COMPASS 31 score (CQLQ, p<0.001 and VAS, p= 0.04). 

 

Predictors of COMPASS 31 

Weighted Total Score 

 P Value 

Model  R2 = 24.1%  

Cough Duration  0.602 

Age  0.610 

CQLQ Total Score  <0.001 

Cough Severity VAS  0.040 

Gender  0.273 

 

Table 2: Predictors of COMPASS 31 weighted total score, univariate GLM analysis. Significant 

factors are shown in bold. 

 

4. DISCUSSION 

This is the first study to investigate the prevalence and severity of reported autonomic 

symptoms in chronic cough. The results suggest that chronic cough patients suffer from 

a substantial increased autonomic symptom burden when compared to a control group, a 

difference which persisted when a strictly age and gender-matched analysis was 

performed. This increase in symptoms affected a wide range of autonomic systems, with 

five out of six domains covered by the COMPASS 31 being significantly higher in the 

patient group. The largest differences were seen in the gastrointestinal and pupillomotor 

domains, but the vasomotor domain score did not differ between groups. Patients with 

the worst cough specific quality of life reported the most autonomic symptoms.  

The cough reflex is mediated by sensory fibres of the vagus nerve, a fundamental 

component of the autonomic nervous system. Chronic coughing, that is not productive of 

sputum, is increasingly thought to occur as a result of hyperexcitability of the neuronal 



pathways controlling the cough reflex. In many patients this hyperexcitability improves 

with the treatment of concomitant condition such as asthma, reflux and nasal disease 

but in others either no concomitant conditions are identified or the cough is refractory to 

treatment of associated conditions (known as refractory chronic cough). Increasing 

evidence suggests a significant component of the neuronal dysfunction in chronic cough 

patients resides in the peripheral nervous system [16-18] but there is also evidence for 

neuronal dysfunction in the central nervous system [19, 20]. To date, no studies have 

explored the possibility of broader dysregulation of the autonomic nervous system in 

patients with chronic cough, although notably chronic cough is reported as a feature of 

several rare genetic disorders characterised by dysautonomia i.e. Holmes-Adie syndrome 

[21], Hereditary Sensory Autonomic Neuropathies [22, 23] and Cerebellar Apraxia 

Neuropathy, Vestibular Areflexia Syndrome [24, 25]. Our data suggests that chronic 

cough patients complain of a variety of symptoms suggestive of autonomic imbalance. 

The highest COMPASS 31 scores in chronic cough patients were observed in the 

gastrointestinal and pupillomotor domains. Gastrointestinal items included feeling full 

after a meal or bloated, vomiting after a meal, having crampy or colicky abdominal pain, 

diarrhoea, or constipation. Most of these symptoms may occur as consequence of 

irritable bowel syndrome which has been shown to be associated with chronic cough in 

one epidemiological study [26] and indeed IBS was diagnosed in five patients in our 

study. However even when these patients were excluded from the analysis there was 

still a significant increase in these gastrointestinal symptoms. The excess of pupillomotor 

symptoms relates to sensitivity to bright light and focussing problems and cannot be 

explained by any known associations with chronic cough. It should also be noted that 

one of the questions on bladder function asks about loss of bladder control. Female 

patients with chronic cough may experience stress incontinence as a complication of 

coughing which could account for some of the differences between chronic cough 

patients and controls in that domain.  



The COMPASS 31 scores in this study are comparable to those reported in diabetic 

cardiac neuropathy, stable multiple sclerosis and patients with systemic sclerosis but 

lower than in fibromyalgia or patients with Postural Orthostatic Tachycardia Syndrome 

(POTS) [27]. In fibromyalgia, significant correlations have been reported between 

autonomic symptom burden (measured by COMPASS 31) and measures of heart rate 

variability indicative of autonomic dysfunction [28]. Similarly, in patients with and 

without small fibre polyneuropathy COMPASS 31 showed fair diagnostic accuracy versus 

gold standard autonomic function testing [10]. 

Chronic cough patients can cough hundreds and even thousands of times a day and each 

coughing episode provides a stimulus to the autonomic nervous system resulting in 

increases in blood pressure and heart rate, especially with bouts of coughing [29]. Over 

time a desensitisation of the autonomic system, leading to sympathetic dominance and 

autonomic imbalance similar to that described in obstructive sleep apnoea could occur 

[30]. Therefore, it is possible that autonomic dysfunction in patients with chronic cough 

could occur both as part of an autonomic neuropathy but also as a consequence of the 

haemodynamic effects of protracted coughing. 

The findings in this study are subject some limitations. Firstly, difficulty in recruiting 

older eligible healthy volunteers resulted in a slightly younger control group. However, it 

would seem unlikely that an average age difference of 5 years could account for the 

differences in autonomic symptoms seen between chronic cough patients and healthy 

controls. Reassuringly, age was not a significant factor in any of the analyses and the 

analysis of a strictly age matched slightly smaller group did not differ from the full 

dataset. It must also be acknowledged that this observational questionnaire study only 

captures reported symptoms suggestive of dysautonomia. It is possible that the findings 

reflect a generalised heightened perception or hypervigilance of symptoms in chronic 

cough compared with controls, rather than discreet symptoms of autonomic dysfunction. 

However, counter to this notion, certain domains showed greater differences than others 

and the vasomotor symptom domain did not differ at all between chronic cough patients 



and controls. Both our patient and healthy volunteer groups scored close to zero in this 

domain which interestingly is the only completely sympathetically mediated domain, 

suggesting this could be a result of dysregulation of parasympathetic function and 

sparing of sympathetic. This autonomic symptom pattern has been reported in other 

conditions complicated by dysautonomia e.g. small fibre polyneuropathy [10], , 

Parkinson’s disease [31], MSA and POTS [27] and autonomic failure secondary to a 

range of conditions [32]. The lack of change in vasomotor scores in conditions where 

patients have clinically recognised vasomotor complaints, such as POTS) has caused 

some authors to speculate that the items in this domain may not adequately capture 

vasomotor symptoms [27]. Nonetheless, the COMPASS 31 has demonstrated increased 

autonomic symptom burden in a variety of conditions where physiological testing has 

confirmed dysautonomia, [27, 28, 33]. Finally, this was a questionnaire study and 

therefore collected patient reports of symptoms suggesting dysautonomia. Further 

investigation with formal autonomic function testing is required to determine whether 

there is objective evidence of autonomic dysfunction in this patient group. 

Conclusion 

This study suggests that chronic cough patients report more frequent and severe 

autonomic symptoms than healthy volunteers; these symptoms were predominantly 

seen in parasympathetically mediated systems. Further investigation of these findings 

including formal autonomic function testing is warranted in this condition.  

Acknowledgements 

This study was supported by the NIHR Manchester Clinical Research Facility at 

Wythenshawe Hospital, Manchester NHS Foundation Trust. RD and JAS are funded by a 

Wellcome Investigator Award and JAS is also funded by the NIHR Manchester Biomedical 

Research Centre and is an NIHR Senior Investigator. 

  



References 

1. Hilton, E., et al., Clinical features of the urge-to-cough in patients with chronic 

cough. Respir Med, 2015. 109(6): p. 701-7. 

2. Belvisi, M.G., et al., Neurophenotypes in Airway Diseases. Insights from 

Translational Cough Studies. Am J Respir Crit Care Med, 2016. 193(12): p. 1364-

72. 

3. Morice, A.H., et al., The effect of gefapixant, a P2X3 antagonist, on cough reflex 

sensitivity: a randomised placebo-controlled study. Eur Respir J, 2019. 54(1). 

4. Waring, W.S., et al., Autonomic cardiovascular responses are impaired in women 

with irritable bowel syndrome. J Clin Gastroenterol, 2004. 38(8): p. 658-63. 

5. Kulshreshtha, P., et al., A comprehensive study of autonomic dysfunction in the 

fibromyalgia patients. Clin Auton Res, 2011. 22(3): p. 117-22. 

6. Terkelsen, A.J., et al., Heart rate variability in complex regional pain syndrome 

during rest and mental and orthostatic stress. Anesthesiology, 2012. 116(1): p. 

133-46. 

7. Kavalcikova-Bogdanova, N., et al., Chronic Cough as a Female Gender Issue. Adv 

Exp Med Biol, 2016. 905: p. 69-78. 

8. Jones, G.T., et al., The prevalence of fibromyalgia in the general population: a 

comparison of the American College of Rheumatology 1990, 2010, and modified 

2010 classification criteria. Arthritis Rheumatol, 2015. 67(2): p. 568-75. 

9. Sletten, D.M., et al., COMPASS 31: a refined and abbreviated Composite 

Autonomic Symptom Score. Mayo Clin Proc, 2012. 87(12): p. 1196-201. 

10. Treister, R., et al., Validation of the composite autonomic symptom scale 31 

(COMPASS-31) in patients with and without small fiber polyneuropathy. Eur J 

Neurol, 2015. 22(7): p. 1124-30. 

11. Greco, C., et al., Validation of the Composite Autonomic Symptom Score 31 

(COMPASS 31) for the assessment of symptoms of autonomic neuropathy in 

people with diabetes. Diabet Med, 2017. 34(6): p. 834-838. 

12. D'Amato, C., et al., The diagnostic usefulness of the combined COMPASS 31 

questionnaire and electrochemical skin conductance for diabetic cardiovascular 

autonomic neuropathy and diabetic polyneuropathy. J Peripher Nerv Syst, 2020. 

25(1): p. 44-53. 

13. Gonzalez-Duarte, A., et al., Analysis of autonomic outcomes in APOLLO, a phase 

III trial of the RNAi therapeutic patisiran in patients with hereditary transthyretin-

mediated amyloidosis. J Neurol, 2020. 267(3): p. 703-712. 

14. French, C.T., et al., Evaluation of a cough-specific quality-of-life questionnaire. 

Chest, 2002. 121(4): p. 1123-31. 



15. Peduzzi, P., et al., A simulation study of the number of events per variable in 

logistic regression analysis. J Clin Epidemiol, 1996. 49(12): p. 1373-9. 

16. Shapiro, C.O., et al., Airway Sensory Nerve Density is Increased in Chronic 

Cough. Am J Respir Crit Care Med, 2020. 

17. Abdulqawi, R., et al., P2X3 receptor antagonist (AF-219) in refractory chronic 

cough: a randomised, double-blind, placebo-controlled phase 2 study. Lancet, 

2015. 385(9974): p. 1198-205. 

18. Smith, J.A., et al., Gefapixant in two randomised dose-escalation studies in 

chronic cough. Eur Respir J, 2020. 55(3). 

19. Hilton, E., et al., The Effect of Pain Conditioning on Experimentally Evoked Cough: 

Evidence of Impaired Endogenous Inhibitory Control Mechanisms in Refractory 

Chronic Cough. Eur Respir J, 2020. 

20. Ando, A., et al., Neural correlates of cough hypersensitivity in humans: evidence 

for central sensitisation and dysfunctional inhibitory control. Thorax, 2016. 71(4): 

p. 323-9. 

21. Kimber, J., D. Mitchell, and C.J. Mathias, Chronic cough in the Holmes-Adie 

syndrome: association in five cases with autonomic dysfunction. J Neurol 

Neurosurg Psychiatry, 1998. 65(4): p. 583-6. 

22. Spring, P.J., et al., Autosomal dominant hereditary sensory neuropathy with 

chronic cough and gastro-oesophageal reflux: clinical features in two families 

linked to chromosome 3p22-p24. Brain, 2005. 128(Pt 12): p. 2797-810. 

23. Miura, S., et al., Hereditary motor and sensory neuropathy with proximal 

dominancy in the lower extremities, urinary disturbance, and paroxysmal dry 

cough. J Neurol Sci, 2008. 273(1-2): p. 88-92. 

24. Infante, J., et al., Cerebellar ataxia, neuropathy, vestibular areflexia syndrome 

(CANVAS) with chronic cough and preserved muscle stretch reflexes: evidence for 

selective sparing of afferent Ia fibres. J Neurol, 2018. 265(6): p. 1454-1462. 

25. Szmulewicz, D.J., et al., CANVAS an update: clinical presentation, investigation 

and management. J Vestib Res, 2014. 24(5-6): p. 465-74. 

26. Ford, A.C., et al., Cough in the community: a cross sectional survey and the 

relationship to gastrointestinal symptoms. Thorax, 2006. 61(11): p. 975-9. 

27. Rea, N.A., C.L. Campbell, and M.M. Cortez, Quantitative assessment of autonomic 

symptom burden in Postural tachycardia syndrome (POTS). J Neurol Sci, 2017. 

377: p. 35-41. 

28. Kang, J.H., et al., Heart Rate Variability for Quantification of Autonomic 

Dysfunction in Fibromyalgia. Ann Rehabil Med, 2016. 40(2): p. 301-9. 

29. Wei, J.Y. and W.S. Harris, Heart rate response to cough. J Appl Physiol, 1982. 

53(4): p. 1039-43. 



30. Abboud, F. and R. Kumar, Obstructive sleep apnea and insight into mechanisms 

of sympathetic overactivity. J Clin Invest, 2014. 124(4): p. 1454-7. 

31. Kim, Y., et al., The composite autonomic symptom scale 31 is a useful screening 

tool for patients with Parkinsonism. PLoS One, 2017. 12(7): p. e0180744. 

32. Pierangeli, G., et al., Translation and linguistic validation of the Composite 

Autonomic Symptom Score COMPASS 31. Neurol Sci, 2015. 36(10): p. 1897-902. 

33. Cambras, T., et al., Circadian rhythm abnormalities and autonomic dysfunction in 

patients with Chronic Fatigue Syndrome/Myalgic Encephalomyelitis. PLoS One, 

2018. 13(6): p. e0198106. 

 

  



 

Figure 1. Difference in automonimc symptoms scores (COMPASS 31 weighted scores) between chronic 
cough patients and healthy volunteers. Median, IQR and range shown.  



 

Comparison of COMPASS 31 domain scores for chronic cough patients and healthy volunteers.  



 

Effect of gender on COMPASS 31 total weighted scores in chronic cough patients and healthy volunteers.  



 

Figure 4. Correlation between autonomic symptom scores (COMPASS 31 weighted scores) and cough 
specific quality of life (Cough Quality of Life Questionnair, CQLQ) 


