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ABSTRACT Reports from individual centres suggest a preponderance of females with chronic cough.
Females also have heightened cough reflex sensitivity. Here we have reviewed the age and sex of unselected
referrals to 11 cough clinics. To investigate the cause of any observed sex dimorphism, functional magnetic
resonance imaging of putative cough centres was analysed in normal volunteers.

The demographic profile of consecutive patients presenting with chronic cough was evaluated. Cough
challenge with capsaicin was undertaken in normal volunteers to construct a concentration-response curve.
Subsequent functional magnetic resonance imaging during repeated inhalation of sub-tussive concentra-
tions of capsaicin observed areas of activation within the brain and differences in the sexes identified.

Of the 10 032 patients presenting with chronic cough, two-thirds (6591) were female (mean age 55 years).
The patient profile was largely uniform across centres. The most common age for presentation was
60—69 years. The maximum tolerable dose of inhaled capsaicin was lower in females; however, a significantly
greater activation of the somatosensory cortex was observed.

Patients presenting with chronic cough from diverse racial and geographic backgrounds have a strikingly
homogeneous demographic profile, suggesting a distinct clinical entity. The preponderance of females may
be explained by sex-related differences in the central processing of cough sensation.
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Introduction

Cough is the most common complaint leading patients to seek medical attention [1]. While the majority of
these consultations reflect acute viral illnesses, a substantial degree of morbidity is associated with chronic
cough; arbitrarily defined in the American College of Chest Physicians’ (ACCP) guidelines as a cough being
the sole or predominant symptom lasting for a minimum of 8 weeks, with no radiographic evidence of lung
disease [2]. Chronic cough may be present in conditions such as asthma, pulmonary fibrosis, lung cancer, or
chronic obstructive pulmonary disease (COPD). However the majority of patients presenting with chronic
cough do not easily fit into these diagnostic labels, and indeed there is frequently no obvious indicators as to
the underlying diagnosis. However, patients suffer a marked decrement in quality of life comparable to
patients with disseminated lung cancer or end-stage COPD [3, 4]. This adverse impact on quality of life is
under recognised by clinicians, according to the recent European Respiratory Society (ERS) survey [5].

The British Thoracic Society Cough Guideline Group recommended the referral of patients with a difficult-
to-treat chronic cough to a specialist clinic and the establishment of a directory of such specialist centres
[6]. Reports from individual cough clinics have revealed a marked predominance of middle-aged female
patients, although there are no international multicentre studies looking into the demographic profile of
patients with chronic cough [7]. If these demographic observations are consistent across large and diverse
populations then it suggests important sex differences in the neurophysiology of this vital protective reflex.
Females are known to have a heightened response to a wide variety of tussive stimuli and this may be
reflected in sex-related differences in the central processing of noxious afferent sensation [8].

In the present study we have analysed data on the age and sex of unselected referrals to 11 specialist cough clinics
from Europe, North America and Asia. To assess whether any observed sex-related disparity in clinical
demographics is mirrored by neuro-anatomical differences in the central-nervous system processing a
retrospective review of functional magnetic resonance imaging (fMRI) of putative cough centres was undertaken.

Methods

In 2013 the members of the International Cough Registry performed a retrospective review of patients
attending their specialist cough clinics. Patients with persistent cough, as defined previously and without
significant radiological abnormality, were selected. The study was undertaken by examination of the
individual clinic databases, extracting data for the age and sex of the patients at presentation. Data was
summated to provide the overall profile and individual clinics were compared. Anonymised patient data
was collected to assess the demographic profile of patients presenting to cough clinics.

To examine sex-related neuro-anatomical divergence, age and handedness matched male and female healthy
volunteers underwent an inhalation cough challenge with capsaicin and a concentration response curve was
constructed. The maximum dose of capsaicin that could be inhaled without coughing was subsequently
administered to assess brain activations associated with the urge-to-cough as previously described [9-11].
In brief, an 18 s challenge was repeated at 60 s intervals for a minimum of eight challenges. Blood oxygen
level dependent (BOLD) fMRI data was collected using a Siemens Trio 3T scanner (Siemens Medical
Systems, Erlangen, Germany) to quantify the activity of the neural networks subtending cough. Analysis of
the brain imaging data was performed using validated protocols as described previously [12]. Parameter
estimates showing the magnitude of hemodynamic dependent changes in BOLD signal intensity, associated
with capsaicin-evoked activations, were extracted and compared to assess differences in regional response
patterns between pairs of male and female participants. Data were obtained from fMRI experiments
conducted under ethics approvals granted by the Melbourne Health Human Research Ethics Committee,
Australia (HREC2007.012 and HREC2010.085). T-tests were used for statistical comparisons between
evoked responses. The study adheres to the STROBE statement (strengthening the reporting of
observational studies in epidemiology).

Results

A total of 10032 patients were seen in the clinics from November 2003 to March 2013. The database
consisted of n=2219 Hull (UK), n=1841 Holland (The Netherlands), n=1518 Seoul (South Korea),
n=1000 New York (NY, USA), n=766 Manchester (UK), n=741 Brompton (UK), n=689 Belfast (UK),
n=492 Guangzhou (China), n=389 Sweden, n=290 Leicester/Kings College Hospital (UK), and n=87
Northumbria (UK). Figure 1 illustrates the age and sex breakdown of patients presenting to all clinics with
the Pie chart illustrating the sex ratio of the patients seen. Two-thirds of the patients (n=6591, 66%)
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FIGURE 1 Age and sex distribution of all the patients presenting to the clinics.

attending the clinics were females. This female preponderance was consistent in each individual cough clinic
although less prominent in some smaller clinics; Hull (n=1373, 62%), Holland (n=1233, 67%), Seoul
(n=1043, 69%), New York (n=698, 70%), Manchester (n=549, 72%), Brompton (n=508, 69%), Belfast
(n=448, 65%), Guangzhou (n=251, 51%), Sweden (n=262, 67%) Leicester/Kings College Hospital
(n=177, 61%), and Northumbria (n=49, 56%) (table 1). Figure S1 illustrates the patient profile for each
individual UK clinic.

The mean+sp age was 55+ 14.97 years. Holland 57 years, Hull 57 years, Seoul 52 years, New York
58 years, Manchester 57 years, Brompton 55 years, Belfast 56 years, Guangzhou 42 years, Sweden 54 years,
Leicester/Kings College Hospital 56 years, and Northumbria 58 years. The most common decade for
presentation was 60—69 years. This was also true among the individual clinics, with the exception of
Guangzhou where 30-39 years was the most common for presentation. Chronic cough was most commonly

TABLE 1. Age and sex distribution of patients presenting to cough clinics within each country

Country Totals Age group in years

0-9 10-19  20-29 30-39 40-49 50-59 60-69 70-79 80-89 90-99 >100

UK n=4792

Total 0.02 1.29 2.80 7.35 17.3 24.7 28.7 14.7 3.00 0.08 0.02

Female 65 100 53 55 61 68 65 b4 65 67 75 0

Male 35 0 47 45 39 32 35 36 35 33 25 100
USA n=1000

Total 0.00 0.40 3.00 7.40 17.20 23.9 23.2 16.6 7.40 0.90 0.00

Female 70 0 50 57 59 70 69 75 74 b4 89 0

Male 30 0 50 43 41 30 31 25 26 36 11 0
Holland n=1841

Total 0.00 1.74 2.34 7.77 15.5 26.5 26.7 15.6 3.75 0.16 0.00

Females 67 0 75 56 63 66 67 68 67 72 100 0

Males 33 0 25 T 37 34 33 32 33 28 0 0
Sweden n=389

Total 0.00 1.29 9.77 8.48 15.9 20.8 29.3 12.6 1.80 0.00 0.00

Females 67 0 60 79 45 69 62 73 65 86 0 0

Males 33 0 40 21 55 31 38 27 35 14 0 0
South Korea n=1518

Total 0.07 2.44 9.35 12.5 14.6 22.6 25.5 11.9 1.05 0.07 0.00

Female 69 0 35 47 63 76 75 74 67 A 100 0

Male 31 100 65 53 37 24 25 26 33 56 0 0
China n=492

Total 0.20 2.64 16.46 27.9 24.6 14.8 8.94 3.86 0.61 0.00 0.00

Females 51 100 46 38 49 50 74 52 42 33 0 0

Male 49 0 54 62 51 50 26 48 58 67 0 0

The data are presented as percentages.
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presented in older patients, with 6821 (68%) of the patients aged >50 years, 4441 (44%) aged >60 years,
and 1783 (18%) aged >70 years.

10 males with a mean (interquartile range) age of 28.7 (19-47) years and 10 females aged 27.3 (21-33)
years underwent capsaicin challenge. The maximum tolerable dose of inhaled capsaicin was significantly
lower in females when compared to males (geometric mean+SEM was 2.2+ 1.3 pM versus 7.2+ 1.4 uM,
respectively, p<<0.01) (fig. 2). Capsaicin inhalation was associated with activations in central-cough neural
networks as detected for by fMRI, including regional responses in the sensory, motor and limbic cortices
(data not shown). The magnitude of the regional responses was significantly larger in the primary
somatosensory cortices (SM1) of females compared to males (left SM1 p<<0.001 and right SM1 p<<0.01)
(figs 3 and 4), despite the lower mean challenge dose of capsaicin used in females.

Discussion

The age and sex distribution in this large group of patients across three continents was strikingly uniform.
The over representation of females in the patient population presenting with a primary complaint of
chronic cough has been long recognised [7, 13], and is perhaps the most striking example of sex-related
differences in respiratory pathophysiology. Whilst often mentioned in the discussion of papers concerned
with cough, it is frequently ignored in reviews dealing with the structure and function of the male and
female respiratory tract [14]. Epidemiological surveys reveal a preponderance of females complaining of a
chronic cough in the unselected general population [15]. Twice as many females as males develop a cough
on angiotensin-converting-enzyme inhibitor therapy [16]. Females have a heightened sensitivity of the cough
reflex as revealed by inhalational challenge with citric acid [17, 18], tartaric acid [19], and capsaicin [20]. This
increased sensitivity of the cough reflex is also demonstrable in patients attending the cough clinic [21] where
objectively recorded cough in females is twice that of males [18]. Together these observations would suggest
that females have an increased sensitivity of the cough reflex in comparison with males. Thus, for any given
stimulus within a population, females would be expected to present with a greater frequency and in our survey
the rate is twice that of males.

We, therefore, studied functional brain activity in response to capsaicin inhalation in healthy males and
females in order to assess possible differences in the neural processing in coughing. We have previously
shown that capsaicin inhalation activates a distributed neural network in the human brain in response to an
urge-to-cough irritation. Females were more sensitive to capsaicin challenge and despite the lower stimulus
the magnitude of the activation in the somatosensory cortex was approximately twice that of males. The
region of the somatosensory cortex displaying the sex-related differences is known to receive airway sensory
inputs and is activated in close correlation with an individual’s perceived urge-to-cough intensity [10]. The
larger somatosensory response in healthy females, despite the lower provoking stimulus, suggests a possible
mechanism for observed sex-related distribution of patients presenting to cough clinics. However, we are
unable to say whether our fMRI observations of sex-related differences in cough processing are applicable to
patients with chronic cough, nor whether comparable age-dependent alterations in central processing of
airway irritant stimuli occur. Although, a recent study has demonstrated that the technique is sensitive to
interventions that are known to suppress cough [11]. Sex-related dimorphism, in the processing of other
noxious stimuli, has been widely reported. Females typically display lower cutaneous and visceral pain
thresholds than do males and are more likely to present clinically with many chronic pain conditions [22, 23].
Evidence from functional brain imaging studies indicates that this may also be due to differential responses in
females and males [24].
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FIGURE 3 Regional brain responses in axial and coronal views during inhalation of the tolerable dose of capsaicin. These
functional brain images show the location of the activations that were significantly different in young healthy females
compared to males. a) The region of somatosensory cortex showing sex-related differences was located at the lower part of
the central sulcus, seen here in axial view 26 mm above the anterior commissure. b) The lower part of the central sulcus
ends above the lateral sulcus, which can be seen in this coronal slice, 6 mm behind the anterior commissure, as a darker
horizontal line below the rendered activations in both hemispheres. This lower part of the somatosensory cortex receives
afferent inputs from the airways.

There is a striking difference in the age distribution of patients attending cough clinics with a
preponderance of middle aged or older subjects. Over two-thirds of the patients were aged >50 years and a
fifth were aged >70 years. This is similar to the prevalence of many other chronic diseases including gastro-
oesophageal reflux [25]; a condition that is commonly associated with a chronic cough. However, it is
unlike the demographic profile of atopic asthma, inferring that this may not be an important factor in
disease pathogenesis in chronic cough.

Although the number of younger people seen in our clinics is limited, there appears to be a much more even
distribution of the sexes. CHANG et al. [26] have studied the cough-reflex sensitivity of boys and girls and
found there is no sex- related difference. It is, therefore, possible that the greater sensitivity of the cough
reflex seen in females arises after puberty. VARECHOVA et al. [27] found that in contrast to younger children
late pubertal girls had heightened cough sensitivity, which would be in keeping with the above hypothesis.
We suggest heightened cough sensitivity in females of childbearing age may have evolutionary advantage by
helping to prevent aspiration in pregnancy. A simple, direct effect of circulating hormones is unlikely to be
responsible since we clearly demonstrate that the female preponderance continues well after the menopause.
Indeed, the “typical” patient presenting to a cough clinic is a perimenopausal female. Hormone-induced
anatomical changes in the female brain have been described in animal experiments [28].
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Our study has a number of limitations. As a retrospective survey contemporary verification in terms of
diagnosis and investigations was not performed, although, since each clinic was a specialist centre adherence to
international guidelines on the management of chronic cough would perhaps be expected. The lack of
prospective uniform data collection also precludes the accurate estimation of other important variables such
as smoking history, physiological variables and comorbidities. These elements will clearly need to be addressed
in future investigations. In our survey the referral pattern to specialist cough clinics may not reflect the true
epidemiology of chronic cough in the population. Thus our conclusion that there is a uniform clinical
syndrome is based on patients who have cough refractory to first-line treatment by primary care physicians
and may be unrepresentative of the general population. Such patients may have difficulties in access to clinics
and thus to engage in a consultation. At the extreme of age, older patients may experience difficulty in
obtaining and undertaking referral to a distant specialist clinic. A survey of patients responding to a BBC
Radio 4 programme on chronic cough displayed an older patient profile possibly suggesting the demographic
profile of the audience but also perhaps signifying unrecognised morbidity [29].

Similar factors may explain the outlying results from some of the smaller cough clinics particularly Guangzhou.
These show a more equal sex distribution and presentation at a younger age in the Chinese population. Whilst
there may be a genuine ethnic difference in cough-reflex sensitivity no differences were seen in a study of
Chinese-American volunteers [30]. Environmental factors, such as air pollution, may be responsible. High
levels of outdoor air pollution are positively associated with persistent cough in China [31, 32].

True assessment of the association between sex, aging and chronic cough awaits a cross-sectional analysis of
unselected patients, but it is tempting to speculate that these demographic characteristics identify chronic
cough as a distinct disease process.

In recent years a unifying diagnosis for patients with “idiopathic” chronic cough has become increasingly
accepted [33]. The cough hypersensitivity syndrome is characterised by a heightened response of afferent
nociceptors within the upper airways and presents with a distinctive clinical history of discrete precipitating
triggers, associated upper-airway symptoms and atypical features of gastro-oesophageal reflux [34]. The
concept of cough hypersensitivity syndrome is clearly endorsed by experts in this field, as suggested by
the ERS task force report [5]. This may mimic or co-exist with other pulmonary or extra-pulmonary
conditions, a view supported by the ERS task force. Specific questionnaires eliciting these associations reveal
> 90% specificity for diagnosis in patients presenting to a specialist cough clinics. Our findings that there is
essentially no difference between the patient profile across three continents and 11 clinics gives credence to
the hypothesis that these patients have a single, common, clinical entity. We suggest that the cough
hypersensitivity syndrome best explains the observed distribution within this patient population.
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