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ABSTRACT: Chronic, nonproductive cough and cough associated with the use of
angiotensin converting enzyme inhibitors, are more frequently observed in females
as compared to males.

To examine the influence of sex, age, height, weight and pulmonary function on
airway cough sensitivity, cough threshold to inhaled capsaicin, an index of the air-
way cough sensitivity, was measured in 160 nonsmoking, nonatopic healthy sub-
jects. Forty young males (aged 24+2 yrs) 40 young females (aged 22+2 yrs) 40
middle-aged males (aged 48+5 yrs) and 40 middle-aged females (aged 50+7 yrs) were
studied. The cough threshold was defined as the lowest concentration of inhaled
capsaicin causing five or more coughs.

The cough threshold was 3-5 fold lower in females than in males both in young
(p<0.001) and middle-aged (p<0.005) subjects. Cough threshold was weakly but signifi-
cantly correlated to height, weight, forced vital capacity (FVC) and forced expiratory vol-
ume in one second (FEV1) when all subjects were considered together but not when
each group was considered separately. Multiple regression analysis revealed that sex
difference was the significant predictive factor for the cough threshold in either age group.
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These results confirm that cough sensitivity is heightened in females and suggest
that influence of height and pulmonary function on the cough threshold may have

resulted from sex difference.
Eur Respir J., 1996, 1624—1626.

Cough is one of the commonest respiratory symptoms.
Angiotensin-converting enzyme (ACE) inhibitors cause
cough in 5-20% of patients who receive them, and females
are more susceptible than males [1]. In addition, we have
shown that chronic persistent nonproductive cough, resi-
stant to bronchodilators, is more frequent in females [2,
3]. Irritant receptors, and possibly C-fibre endings, are
generally recognized as cough receptors in the airways
[4, 5]. Capsaicin, a commonly used cough stimulant, is
the active ingredient of red pepper and has been pre-
sumed to produce cough mainly by stimulating C-fibre
endings [6-8], though its action may be indirect [5].

In normal subjects, reproducibility of dose-response
curve for capsaicin-induced cough has been well-estab-
lished, when the challenge is repeated at an interval of
more than 15 min [9]. Recently, MIDGREN ef al. [10] have
confirmed the reproducibility of sensitivity as well as of
dose-response curve for capsaicin-induced cough. We
[11] have previously reported that cough sensitivity to a
chemostimulant, tartaric acid, which may produce cough
by stimulating irritant receptors, is greater in young fem-
ales than in young males.

The present study was designed to determine whether
capsaicin induced cough, which may have a greater depen-
dence on C-fibre afferents, is more sensitive in females
than in males and to examine whether the cough sensi-
tivity is influenced by age, height or pulmonary function.

This study was supported in part by a Grant-
in-Aid for Scientific Research from the
Ministry of Education, Science and Culture
(04807055) by the Japanese Government.

Subjects and methods
Subjects

One hundred and sixty healthy, nonsmoking, nonatopic
volunteers participated in this study. The groups studied
comprised: 40 males (aged 24£2 yrs (meantsp)) and 40
females (aged 2242 yrs) as "young adult" subjects; and
40 males (aged 48%5 yrs) and 40 females (aged 5017
yrs) as "middle-aged" subjects. None of the subjects had
allergic disease or a past or family history of allergic dis-
ease. The characteristics of the subjects studied are pre-
sented in table 1. The study was approved by the Ethics
Committee of Kanazawa university, and informed con-
sent was obtained from all subjects after the purpose of
the test had been explained.

Pulmonary function testing

Forced vital capacity (FVC) and forced expiratory vol-
ume in one second (FEV1) were measured using a dry
wedge spirometer (Transfer Test; P.K. Morgan Ltd, UK)
before the capsaicin provocation test. Three measure-
ments of spirometry were carried out and the best FVC
and FEV1 value of the three was kept for data analysis.

Assessment of cough sensitivity to inhaled capsaicin

Measurement of cough threshold to inhaled capsaicin
was carried out using the method reported previously



SEX DIFFERENCE IN CAPAICIN-INDUCED COUGH 1625

Table 1. — Characteristics of the subjects studied
Young Middle-aged
Male Female Male Female
(n=40) (n=40) (n=40) (n=40)
Age yrs 2412 2242 48+5 507
Height cm 17246 15945 167£5 1556
Weight kg 6719 54+6 6448 5549
FVC L 5.0240.62 3.41+£0.47  4.09+£0.59 2.85+0.49

FEV1 L 4.40+0.08 3.06+0.44  3.36+0.46 2.35+0.41
FEVI/FVC % 88+6 9015 83+5 8347

Data are presented as meantsp. FVC: forced vital capacity;
FEV1: forced expiratory volume in one second.

[12, 13]. Capsaicin (30.5 mg) was dissolved in Tween
80 (1 mL) and ethanol (1 mL) and then dissolved in
physiological saline (8 mL) to provide a stock solution
of 1x10-2 M, which was stored at -20°C. This solution
was diluted with physiological saline to make solutions
of 0.49, 0.98, 1.95, 3.9, 7.8, 15.6, 31.2, 62.5, 125, 250, 500
and 1,000 uM. Each subject inhaled a control solution
of physiological saline, followed by progressively increas-
ing concentrations of the capsaicin solution. Solutions
were inhaled for 15 s every 60 s, by tidal mouth-breath-
ing wearing a noseclip from a Bennett Twin nebulizer
(3012-60 cc; Puritan-Bennett Co., Carlsbad, CA, USA)
operated by compressed air at 5 L-min-!. Increasing con-
centrations were inhaled until five or more coughs were
elicited. The nebulizer output was 0.21 mL-min-l. It has
been reported that aerodynamic mass median diameter
(MMD) of the particle is 3.60 uM, with a geometric stan-
dard deviation of 3.47 [14]. Capsaicin-induced cough
number was counted by two medical technicians in the
pulmonary function laboratory. Cough threshold was
defined as the lowest concentration of capsaicin that
elicited five or more coughs.

Data analysis

Capsaicin cough threshold values were expressed as
geometric means with the geometric standard error of
the mean (GSEM) expressed as a factor. Geometric mean
value for cough threshold was compared between any pair
of the four groups using Mann-Whitney's nonparametric
analysis. In assessing the correlations of cough threshold
to age, height, weight, FVC, FEV1 and FEV1/FVC ratio,
Spearman rank correlation analysis was employed. Fur-
thermore, multiple regression analysis was performed to
assess contributions of these factors and sex to the cough
threshold. A p-value of 0.05 or less was taken as signifi-
cant.

Results

A cough threshold was obtained in all subjects. Indivi-
dual values for the cough threshold are shown in figure
1. In young adults, the geometric mean value of cough
threshold in females was 8.22 pM (GSEM 1.25), which
was significantly lower than that in males, (45.0 pM,
GSEM 1.18) (p<0.001). In middle-aged subjects, the
value was also significantly (p<0.005) lower in females
(10.9 pM, GSEM 1.32) than in males, (31.8 pM, GSEM
1.23). The cough threshold was not significantly different
between young and middle-aged subjects of the same sex.

Logarithmic value for the cough threshold did not sig-
nificantly correlate to age, height, weight, FVC, FEV1
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Fig. 1. — Cough threshold to inhaled capsaicin, defined as the lowest
concentration of capsaicin eliciting five or more coughs in nonsmok-
ing, nonatopic, healthy subjects. Each horizontal bar shows geometric
mean value of capsaicin threshold, defined as the lowest concentration
of capsaicin solution causing five or more coughs. Ns: nonsignificant.

or FEV1/FVC in each group. When Spearman rank cor-
relation analysis was performed in the whole group of
subjects, height (r=0.313; p<0.01), weight (r=0.233;
p<0.01), FVC (r=0.385; p<0.01), and FEV1 (r=0.352;
p<0.01) correlated significantly to logarithmic value of
the cough threshold but all of the r-values were very small.
Neither age nor FEV1/FVC ratio significantly correlated
to the cough threshold. A multiple regression analysis
was performed with logarithmic value for capsaicin cough
threshold as the dependent variable and sex, age, height,
weight, FVC, and FEV1/FVC ratio, as independent vari-
ables. This showed significant contribution of sex, but
not age, height, weight, FVC or FEV1/FVC ratio, to the
capsaicin cough threshold. Namely, the overall adjusted
coefficient of multiple regression for prediction of cap-
saicin cough threshold by these examined variables was
1.187 (p<0.0001), and partial regression coefficient for
sex was -0.485 (p<0.01).

Among the 40 middle-aged females, 16 were post-
menopausal. Capsaicin cough threshold was 16.1 (GSEM
38.0) pM in premenopausal subjects in this group, sig-
nificantly (p<0.05) greater than that in postmenopausal
subjects (6.03 (GSEM 1.58) pM). There were no sig-
nificant differences in age, height, weight, FVC, FEV1
or FEV1/FVC between these two subgroups.

Discussion

This study showed that capsaicin cough threshold was
significantly lower in females than in males both in young
and in middle-aged subjects. Cough threshold was weak-
ly but significantly correlated to each of height, weight,
FVC and FEV1 in the entire population of subjects, but
not in each subject group. Multiple regression analysis
revealed that sex difference was the most important pre-
dicting factor for the cough threshold, whilst age, height,
weight or pulmonary function were not significant factors
influencing the cough sensitivity.

It has been postulated that capcaicin, the active ingredi-
ent of red pepper, produces cough mainly by stimulating
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C-fibre endings [6-8], but as capsaicin also stimulates
some rapidly adapting receptors with myelinated fibres,
this view has been questioned [5, 15]. Inhaled capsaicin
probably acts mainly on the larynx, trachea and major
bronchi, which are areas of the greatest sensitivity for
provocation of cough [16, 17]. Although the larynx may
be the initial site of cough stimulation, the sublaryngeal
airways may also contribute to the response, as we have
found that patients with a laryngectomy cough when they
inhale capsaicin through their tracheostomy tubes. Fur-
thermore, HaNssoN et al. [18] have concluded that cap-
saicin sensitive sensory neurons mediating cough are
present in human intrapulmonary airways after noting
that concentrations of capsaicin solution causing five
coughs were 5.5 pM with slow inhalation of a small
droplet aerosol (3.2 uM MMD) and 29.5 pM with rapid
inhalation of a large droplet aerosol (5.2 pM MMD).
Cough reflex testing using capsaicin has been com-
monly used for studies on the pathophysiology of the
cough reflex and the antitussive effects of drugs [10]. In
normal subjects, the reproducibility of the dose-response
curve for capsaicin-induced cough has been well-estab-
lished, when the challenge is repeated at an interval of
more than 15 min [9]. In the present study, cough thresh-
old to inhaled capsaicin was measured as an index rep-
resenting airway cough sensitivity, which was defined as
the lowest concentration of capsaicin eliciting five or more
coughs [12, 13]. Reproducibility of the cough threshold
has been confirmed by our previous studies [12, 13],
when the challenge was repeated at an interval of 30 min
to 2 weeks in normal subjects. Our preliminary study has
shown that cough number induced by cough threshold
concentration of capsaicin given by the present protocol
is not significantly different from that caused by a single
15 s inhalation of the cough threshold concentration of
capsaicin measured on another day in normal subjects.
Although we previously reported that cough sensitiv-
ity to inhaled tartaric acid was greater in young females
than in young males [11], and the present study has con-
firmed the sex difference both in young and middle-aged
subjects, CHouDRY and FuLLER [19] reported that there
was no sex difference in capsaicin-induced cough using
a single breath inhalation of increasing concentrations of
capsaicin. The apparent contradiction between these two
studies may result from difference of inhalation method:
15 s tidal breathing inhalation in our studies versus sin-
gle breath inhalation in their study. The sex difference
in cough reflexes may explain the greater susceptibility
of females to coughing as a side effect of ACE inhibitors
[1], and to chronic bronchodilator-resistant nonproduc-
tive cough associated with atopy (atopic cough) [2, 3].
If sex difference in cough sensitivity results from fem-
ale hormones, one might expect it to lessen with the meno-
pause. However, the capsaicin cough sensitivity was
slightly greater among the postmenopausal subgroup in
this study. This may explain the fact that ACE inhibitors
cause cough more frequently in postmenopausal females
[1]. The menstrual cycle does not influence the capsaicin
cough threshold in young females (unpublished data). In
summary, we are not yet able to account for the greater
cough sensitivity among females, but it cannot be explained
simply in terms of female hormone.
In conclusion, the airway cough reflex in response to
inhaled capsaicin, probably mediated directly or indirectly

by C-fibre endings, was more sensitive in females than
in males. The results extend our previous findings that
females have a lower cough threshold to inhaled tartar-
ic acid than males.
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