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Abstract
Altitude-related cough is a troublesome condition of uncertain aetiology that affects many visitors to high altitude.
The traditionally held belief that it was due solely to the inspiration of cold, dry air was refuted by observations and
experiments in long duration hypobaric chamber studies. It is likely that altitude-related cough is a symptom of a
number of possible perturbations in the cough reflex arc that may exist independently or together. These include
loss of water from the respiratory tract; respiratory tract infections and sub-clinical high altitude pulmonary oedema.
The published work on altitude-related cough is reviewed and possible aetiologies for the condition are discussed.

Introduction
‘Alan was still racked by frequent coughs, and periodically, as if by auto-suggestion, I found that I too was
succumbing to a bout. Once started, there was no escape. The cold dry air compounded the irritation in the
throat and the victim’s body would be shaken by the
hacking cough until randomly flung free of its spell. The
nights at base camp as well as on the mountain were
often punctuated by staccato bursts of noise disturbing
the sleep of the sufferer and all those around’.
This description by the late Joe Tasker is typical of the
debilitating, paroxysmal cough that is well known within
the mountaineering community to effect visitors to high
altitude [1-3]. Four members of the 1971 International
Himalayan Expedition to Mount Everest suffered rib
fractures as a result of coughing and other similar accounts of cough-related rib fractures at high altitude
exist [2-4]. In a survey of 283 trekkers walking in the
Everest region of Nepal, 42% suffered from cough while
in another study, again in the Everest region of Nepal,
the prevalence of cough was found to be 22% between
4243 and 4937 m [5].
The first formal study of cough at high altitude took
place during the 1994 British Mount Everest Expedition
when 10 subjects trekking from 2800 m to Everest Base
Camp at 5300 m underwent nocturnal cough frequency
monitoring [6]. Nocturnal cough frequency increased
with increasing altitude. In three climbers in whom recordings were made at 7000 m on Everest there was a
massive increase in nocturnal cough frequency (Figure 1).
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As part of the same study citric acid cough threshold was
measured in 42 subjects at sea level and on arrival at Base
Camp at 5300 m and again at Base Camp in 23 of these
same subjects after they had spent at least 9 days at or
above 5000 m. Citric acid cough threshold was unchanged
on arrival at Base Camp compared with sea level but was
significantly reduced on the second visit to Base Camp
compared with both the sea level and first visit to Base
Camp measurements. Despite both anecdotal and observational evidence of an increase in cough with altitude,
and a demonstrated change in citric acid cough threshold,
the aetiology of altitude-related cough is poorly understood and treatment remains unsatisfactory.
Aetiology

Altitude-related cough has traditionally been attributed
to the inspiration of the cold, dry air which characterises
the high altitude mountain environment [2]. Interestingly however, the author is not aware of any similar reports in the polar exploration literature where exercising
explorers are exposed to a similar environment of cold,
dry air, but often at a considerably lower altitude. During
Operation Everest II eight subjects who underwent a
simulated ascent of Mount Everest in a hypobaric chamber were decompressed over a 40 day period to a barometric pressure of 253 mm Hg (33.7 kPa) equivalent to
the summit of Everest (8848 m). At altitudes above 7000
m the majority of the subjects developed pain and dryness in the throat and an irritating cough, despite the
chamber being maintained at a relative humidity of
between 72 and 82% and a temperature of 23°C [7]. This
brought into question the widely held view that cough at
high altitude was due to the inspiration of dry, cold air.
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Figure 1 Nocturnal cough frequency in 10 subjects during a
trek to Mount Everest Base Camp, Nepal (5300 m), including 3
climbers in whom recordings were made at 7000 m on Mount
Everest. Recordings were only possible in 3 subjects at between 4
and 5000 m due to logistical problems. The circled data point
represents a climber in whom the recorder suffered battery failure
after only 1 hour. Data plotted from [6].

In the next major hypobaric chamber study, Operation
Everest III, during which 8 subjects again underwent a
simulated ascent of Mount Everest, Mason et al. [8]
studied nocturnal cough frequency and citric acid cough
threshold over the 40-day period of the study. During
the experiment the temperature and relative humidity of
the chamber were maintained at between 18 and 24°C
and 30-60% respectively. Nocturnal cough frequency increased with increasing altitude and when the subjects
descended to 5000 m to recuperate before the ascent to
the “summit,” the cough frequency fell before increasing
again on ascent to 8000 m. Cough frequency immediately returned to control values on descent to sea level.
This data is shown in Figure 2.
Citric acid cough threshold was measured at sea level,
5000 m, the return to 5000 m and at 8000 m. There was no

Figure 2 Nocturnal cough frequency in the eight subjects
taking part in Operation Everest III. R5000m: Return to 5000 m,
RSL: Return to Sea Level. Data plotted from [8].
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difference between either 5000 m or the return to 5000 m
and the sea level control, which may have been due to inadequate study power. A maximum of 8 people could be
accommodated in the hypobaric chamber, whereas power
calculations based on previous work [6] suggested that at
least 9 subjects would be required to detect a significant
fall in cough threshold. Cough threshold was however reduced at 8000 m compared to both sea level and the first
arrival at 5000 m, despite the constant environmental
humidity and temperature. The results of Operation
Everest III would thus appear to refute the idea that altituderelated cough is due to the inspiration of dry, cold air.
If altitude-related cough is not simply due to the inspiration of dry, cold air, what might its aetiology be?
There are a number of potential mechanisms. Each will
be considered in turn:
– Acute mountain sickness (AMS).
– Sub-clinical high altitude pulmonary oedema.
– Changes in the central and peripheral control of
cough.
– Loss of water from the respiratory tract.
– Respiratory tract infections.
– Bronchoconstriction and asthma.
– Vasomotor-rhinitis and post-nasal drip.
– Gastro-oesophageal reflux.
Acute mountain sickness

Acute mountain sickness (AMS) is a common condition
that effects healthy individuals on ascent to altitude. The
incidence of AMS is dependent upon both the altitude and
speed of ascent [9]. Rarely people may be affected at altitudes as low as 2000–2500 m while at altitudes between
3500 and 4500 m the reported incidence varies between 30
and 45% [10]. Symptoms normally appear several hours
after arrival at a new altitude and consist of a headache
and at least one other symptom from fatigue, dizziness,
gastrointestinal disturbance and difficulty sleeping. Peripheral oedema is a common finding [11]. The symptoms,
which are probably due to mild cerebral oedema, may be
regarded as signs of slow acclimatization and normally will
disappear after 2–3 days at a given altitude, although they
may reappear on ascent to a new altitude. In severe cases
the boundary between AMS and high altitude cerebral
oedema (HACE) is blurred.
Despite both AMS and cough occurring commonly at
high altitude, there was no demonstrable relationship
between AMS and cough in any of the published papers
[6,8,12,13]. In subjects with isolated AMS cough is a
rarely reported symptom [9,11]. In 21 studies dealing
with AMS cough was not reported as a problem [14].
The inability to demonstrate a relationship between
altitude-related cough and AMS may reflect the inability
of the Lake Louise Scoring system [15], the standard tool
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used to measure the presence and severity of AMS, to
detect early AMS. On balance however it seems unlikely
that AMS plays a significant role in the aetiology of
altitude-related cough.
Sub-clinical high altitude pulmonary oedema

High-altitude pulmonary oedema (HAPE) is a noncardiogenic, hydrostatic pulmonary oedema which occurs predominantly in unacclimatised individuals up to
72 hours after ascent to a new altitude. The prevalence
depends upon the altitude, the rate of ascent and individual susceptibility. Some individuals are susceptible to
developing the condition repeatedly on ascent to altitude
[16]. While these HAPE-susceptible individuals are frequently studied they may not be representative of the
general population. The characteristic pathophysiological
finding in patients with HAPE is an abnormally elevated
pulmonary arterial pressor response to hypoxia with pulmonary artery systolic pressures of around 60–80 mmHg,
although values in excess of 140 mmHg have been reported
[16,17]. Reduction in this acute pulmonary hypertension
forms the mainstay of pharmacological therapy, used to
facilitate the definitive treatment: descent.
Although only a minority who go to high altitude develop HAPE, some workers hypothesise that the majority of people ascending to altitude may develop subclinical pulmonary oedema. Evidence cited in favour of
this argument includes the fall in forced vital capacity
(FVC) on ascent to altitude [18]; changes in the phase
III slope (the alveolar plateau) of the nitrogen washout
curve [19,20] and clinical, radiological [21,22] and electrical impedance tomography [23] changes consistent
with an increase in extra-vascular lung water, even in apparently asymptomatic subjects. This view however is
not universally held [24].
The apparently simple question question as to whether
altitude-related cough could be a manifestation of subclinical pulmonary oedema reveals the ongoing uncertainty that exists regarding the identity of the afferent
pathways responsible for cough. It is still unclear as to
whether pulmonary oedema can cause cough in humans.
If it can, is there a sufficient stimulus in asymptomatic
subjects with subclinical pulmonary oedema at altitude
to activate such a pathway? Cough is not a common
clinical feature in cardiogenic pulmonary oedema. The
main anatomical sites that are responsible for cough are
located above the segmental airways (division 4) [25,26].
This is significantly more proximal than the airways in
which pulmonary oedema would begin to form [27]. Evidence exists however from experiments in rabbits that
even small changes in left atrial pressure of between 2
and 5 mmHg result in sufficient pulmonary venous congestion as to stimulate airway rapidly adapting receptors
[28-30]. It is not known what these pressure changes
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equate to in humans but it is easy to imagine that pulmonary artery pressures of between 35 and 45 mmHg
which have been reported in healthy control subjects
free of HAPE [31,32] could result in comparable pulmonary venous congestion as an increase in left atrial
pressure of 2–5 mmHg.
The natural history of HAPE, which is associated
with a recent gain in altitude and improves dramatically with descent, is similar to the cough seen in Operation Everest III [8]. However it is the author’s
experience that altitude-related cough can also be
present throughout a prolonged stay at one altitude
when acclimatisation would be well advanced and may
persist for a time after descent even to sea level. If
altitude-related cough was due to pulmonary oedema,
one might expect HAPE-susceptible subjects to have
more severe cough. This does not appear to be the
case. While it is attractive to speculate that sub-clinical
pulmonary oedema causes altitude-related cough, further work, including interventional studies to assess
the impact of a reduction in pulmonary artery pressure
on altitude-related cough, is required before this hypothesis can be confirmed or refuted.
The central control of cough

Respiratory control undergoes profound changes with
acclimatisation to high altitude [33]. The central control
of cough is complex [34-36] but there are a number of
factors which suppress cough that also suppress ventilation, such as sleep [37,38] and centrally acting antitussive agents [39]. Banner [40] demonstrated a relationship between the hypercapnic ventilatory response
(HCVR) and the cough threshold to hypotonic saline,
with those subjects who responded to the hypotonic saline challenge having a higher HCVR than the subjects
who did not respond. In addition Post-hoc analysis of
data from the 1994 British Mount Everest Medical Expedition demonstrated a relationship between the citric
acid cough threshold and the dynamic ventilatory response to CO2 [41].
As a result of these findings Thompson et al. [13]
studied the relationship between the citric acid cough
threshold and the hypercapnic ventilatory response
(HCVR) in 25 healthy subjects during a 9 day stay at
5200 m. Citric acid cough threshold fell significantly on
ascent to altitude and the HCVR, measured using the
Read re-breathing method and expressed by the slope S,
increased significantly on ascent to 5200 m. This data is
shown in Figure 3. There was however no demonstrable
meaningful relationship between the citric acid cough
threshold and HCVR, or any change in these parameters on ascent to altitude. It is therefore unlikely that
altitude-related cough is mediated through changes in
central control mechanisms.
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[50]. A further weakness of this study is that although
citric acid cough threshold fell, suggesting an increased
sensitivity of the afferent cough reflex arc, there was no
increase in the clinical incidence of cough as measured
by the nocturnal cough frequency. It thus remains difficult to draw any meaningful conclusion about the role
that the kallikrein-kinin system may play in the aetiology of altitude-related cough.
Respiratory water loss

Figure 3 Sample HCVR plot from subject at sea level and after
2 and 8 days at 5800m. Data from [13]. CVR is quantified by the
slope S and the end-tidal PCO2 for a ventilation of 15 l/min.

Bradykinin and altitude-related cough

While the neuronal pathways that mediate the citric acid
cough threshold remain debated they include stimulation of airway sensory nerves including the rapidly
adapting receptor (RAR) [42]. Cough is a well recognised side effect in a proportion of patients taking angiotensin converting enzyme (ACE) inhibitors and is
thought to be due to sensitisation of airway RARs by increased levels of plasma bradykinin and substance P
[43]. Bradykinin is degraded by a number of enzymes
collectively known as kininases which include ACE, aminopeptidase P and neutral endopeptidase and in human
serum over 75% of bradykinin metabolism occurs via
ACE [44,45]. The early literature on the response of
serum ACE activity to hypoxia in humans is confusing
and contradictory [46]. Nothing was known about what
happened to bradykinin at altitude beyond exposure to 1
hour of normobaric hypoxia [47].
Mason et al. [12] measured nocturnal cough frequency,
citric acid cough threshold, serum angiotensin converting
enzyme activity and plasma bradykinin concentration in
20 healthy volunteers before and during a stay at 3800
m. Citric acid cough threshold fell on ascent to 3800 m;
serum ACE activity was unchanged although plasma
bradykinin fell precipitously. It is not possible to measure lung ACE activity in living human subjects although
measurement of whole lung and serum ACE activity in
dogs during exposure to chronic hypoxia yielded comparable results [48]. Understandably no comparable data
exists in humans and the most likely explanation for these
findings is that serum ACE activity did not parallel an
increase in local tissue ACE activity in the pulmonary
endothelium [49]. Alternatively it is possible that bradykinin was metabolised by a kininase other than ACE. The
kallikrein-kinin system is predominantly tissue based, and
tissue levels of bradykinin are known to exceed those in
blood, although in rats changes in plasma levels of bradykinin have been shown to parallel changes in the tissues

It is still possible, despite the increase in nocturnal cough
frequency and decrease in citric acid cough threshold observed under the controlled environmental conditions of
Operation Everest III [8] that water loss from the respiratory tract plays a role in the aetiology of altitude-related
cough. Banner et al. [51] studied subjects susceptible to
exercise-induced cough and found that hyperpnoea for 4
minutes with cold air, at respiratory rates similar to those
occurring with strenuous exercise, was associated with an
increase in cough frequency in the 30 minute period posthyperpnoea. Bronchoconstriction was blocked using inhaled β2 agonists and there was no evidence of bronchial
hyper-reactivity to a methacholine challenge. In a follow
up study, subjects susceptible to exercise-induced cough
underwent voluntary isocapnic hyperpnoea to over 90
litres/minute with a variety of inspired air conditions [52].
Cough frequency was found to depend directly upon
respiratory water loss in a linear manner and that in the
absence of water loss, even in the presence of heat loss,
cough frequency did not increase. Hyperpnoea with
warm, dry air produced more coughing than hyperpnoea with cold air despite less heat loss. Hyperpnoea
with ambient air produced as great an increase in cough
frequency as hyperpnoea with cold air because it was
associated with significant water loss. These findings
are illustrated in Figure 4.
These findings raise the possibility that, at least in a
subgroup of sufferers, altitude-related cough may be
caused by water loss from the respiratory tract. How
this water loss might stimulate afferent cough pathways
is not known but possible mechanisms include physical
distortion of afferent nerve endings [53] and changes in
the ionic composition of airway surface liquid [54]. Increased minute ventilation plays a key role in respiratory acclimatisation to hypobaric hypoxia, increasing
with increasing altitude and further still with exercise
[33]. It is thus possible that despite controlling the environmental conditions during Operation Everest III [8]
respiratory water loss could have contributed to the increase in cough frequency and sensitivity seen. The data
on respiratory water loss at altitude is very limited and
confined to subjects who were exercising [55]. In the
Operation Everest II and III chamber studies the subjects were mainly sedentary.

Mason Cough 2013, 9:23
http://www.coughjournal.com/content/9/1/23

Page 5 of 7

respiratory tract rather than a direct effect of temperature
on the airways [68]. There was no change in FEV1 or PEF
associated with the fall in citric acid cough threshold at either Everest Base Camp [6] or during Operation Everest
III [8]. Although both acute hypoxia and hypocapnia have
been shown to cause bronchoconstriction in animal
models [69-71], Pollard et al. [72] could demonstrate no
evidence of bronchoconstriction in healthy lowland subjects at Everest Base Camp. Likewise Dehnert et al. [24]
demonstrated no change in either effective or specific airway resistance on ascent to 4559 m. It is unlikely that
bronchoconstriction plays a major role in altitude-related
cough in non-asthmatic subjects.
Figure 4 Number of coughs in excess of baseline (Cough);
respiratory water loss (RWE) and respiratory heat loss (RHE) in
7 subjects with exercise-induced cough during a 19 minute
period after 4 minutes of hyperpnoea with cold air at -16ºC or
warm, dry air at 38.7ºC. Both the cold air and the warm dry air
had a water content of 0 g m-3. From [60].

Other factors may also increase respiratory water loss.
There is evidence of subjective nasal blockage and an increase in nasal resistance at altitude which will likely
result in increased mouth breathing [56,57]. Water loss
is known to increase during mouth, rather than nasal
breathing [58].

Vasomotor rhinitis and post-nasal drip

Upper airway cough syndrome (previously known as
post-nasal drip syndrome) is one of the most common
causes of chronic cough [73]. Nasal blockage and symptoms of rhinitis are common complaints at altitude
[56,61] but their relationship with cough, if any, has not
been established.
Gastro-oesophageal reflux

Gastro-oesophageal reflux has been reported in up to
40% of patients with chronic cough at sea level [74-76]
but nothing is known about its prevalence at altitude.

Respiratory tract infections

Changes in nebuliser output at altitude

Respiratory tract infections are the commonest cause of
acute cough at sea level [59,60]. Signs and symptoms of
respiratory tract infection also occur commonly in visitors
to altitude [61,62] in whom there is also evidence of impairment of mucociliary transport - a crucial respiratory
defence mechanism [56]. There was no clinical evidence
of respiratory infection observed in any of the published
studies on altitude-related cough [6,8,12,13]. However in
the author’s experience cough associated with the production of purulent sputum is not an uncommon finding at
altitude, particularly following prolonged exertion. This
cough responds poorly to antibiotics. Whether this argues
against a bacterial aetiology is unclear although prolonged
cough following relatively minor atypical bacterial respiratory infections are well recognised at sea level [63,64].
Viral infections are also a well recognised cause of cough
at sea level [65] but no data exists on their prevalence at
high altitude. Further work is required on the microbiology of respiratory tract infections in visitors to altitude
and their relationship to cough.

A potential cause for the change in citric acid cough
threshold seen on exposure to hypobaric hypoxia would
be an alteration in nebuliser output consequent upon
the reduced barometric pressure. Barry studied the output of 3 types of nebulisers in a hypobaric chamber up
to an altitude equivalent of 5300 m [77]. The output of
salbutamol from both a conventional jet nebuliser and a
breath enhanced nebuliser, collected onto a filter, fell by
over 50% at simulated altitude compared with sea level,
while the output of an ultrasonic nebuliser fell by only
23% at 4200 m and 13% at 5300 m. Subsequently Barry
et al. [78] measured serum salbutamol levels in human
subjects following nebulised administration of salbutamol via an ultrasonic nebuliser at both sea level and a
simulated altitude of 5000 m in a hypobaric chamber.
There was no difference in serum salbutamol levels between the 2 altitudes. Providing an ultrasonic nebuliser
is used at altitude, as has been the case in all of the published studies [6,8,12,13], it seems unlikely that the increase in sensitivity to citric acid can be explained by
alterations in nebuliser output.

Bronchoconstriction

Cough may be the only presenting symptom of asthma
[66,67]. Bronchoconstriction can occur in both asthmatics
and healthy subjects on exposure to cold air. The mechanism for this appears to be due to water loss from the

Current understanding of altitude-related cough

Our current understanding of the epidemiology and aetiology of altitude-related cough remains limited. From
the published work, to date, the only conclusions that
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can be drawn are that altitude-related cough exists and
its prevalence increases with increasing altitude; it is associated with a decrease in the citric acid cough threshold; is not solely due to the inspiration of dry, cold air,
as has traditionally been thought, and the increased sensitivity to inhaled citric acid does not appear to be related to the changes in the central control of ventilation
that occur with acclimatisation.
Exploration of the aetiology of altitude-related cough
has been limited by the logistical difficulty of carrying
out robust research in the high altitude environment
[79] or in hypobaric chambers [80]. These difficulties
will be only too apparent to those who have worked in
this hostile environment and something of a mystery to
those who have not. While altitude-related cough undoubtedly exists, one of the problems in the published
work, is the lack of a consistent relationship between the
sensitivity to inhaled citric acid and the clinical presence
of cough, as assessed by nocturnal cough frequency.
Nocturnal cough frequency increased on arrival at Everest Base Camp but was not accompanied by a fall in a
citric acid cough threshold [6]. Conversely citric acid
cough threshold fell at the relatively low altitude of 3800
m but was not accompanied by any change in nocturnal
cough frequency [12]. These conflicting results are undoubtedly compounded by the small number of subjects
in the published studies which is also the likely explanation of the difficulty in demonstrating a significant
change in cough frequency or citric acid cough threshold
below altitudes of 7000 m [6,8] despite, anecdotally,
cough being a clinical problem at lower altitudes.
It seems most likely that, as at sea level, altituderelated cough is a symptom of a number of possible
perturbations in the cough reflex arc that may exist independently or together. The most likely aetiological
factors are infection or water loss from the respiratory
tract leading to trauma of the respiratory mucosa and
tracheo-bronchitis, and sub-clinical pulmonary oedema.
Respiratory water loss and sub-clinical pulmonary
oedema could both be precipitated or worsened by
exercise. Future work should investigate the role of
these aetiologies as well as quantifying the prevalence
of altitude-related cough in larger populations at altitude and to correlate better the relationship between
clinical cough and inspired tussive challenges.
Competing interests
The author declares that he has no competing interests.

Acknowledgments
I would like to thank Dr. Peter Barry of Leicester University who first introduced
me to the problem of altitude-related cough and who has shared many of my
adventures at altitude and the late Professor John Widdicombe for his constant
encouragement to discover more about the subject. Without their friendship
and support we would know even less about altitude-related cough.

Page 6 of 7

Received: 10 May 2013 Accepted: 5 October 2013
Published: 31 October 2013
References
1. Somervell T: After Everest. London: Hodder and Stoughton; 1936.
2. Tasker J: Everest the Cruel Way. London: Eyre Methuen Ltd; 1981.
3. Steele P: Medicine on Mount Everest 1971. Lancet 1971, 2(7714):32–39.
4. Litch JA, Tuggy M: Cough induced stress fracture and arthropathy of the
ribs at extreme altitude. Int J Sports Med 1998, 19(3):220–222.
5. Basnyat B, et al: Efficacy of low-dose acetazolamide (125 mg BID) for the
prophylaxis of acute mountain sickness: a prospective, double-blind,
randomized, placebo-controlled trial. High Alt Med Biol 2003, 4(1):45–52.
6. Barry PW, et al: Cough frequency and cough-receptor sensitivity are
increased in man at altitude. Clin Sci (Colch) 1997, 93(2):181–186.
7. Houston CS, et al: Operation Everest II: man at extreme altitude.
J Appl Physiol 1987, 63(2):877–882.
8. Mason NP, et al: Cough frequency and cough receptor sensitivity to citric
acid challenge during a simulated ascent to extreme altitude. Eur Respir J
1999, 13(3):508–513.
9. Maggiorini M, et al: Prevalence of acute mountain sickness in the Swiss
Alps. Bmj 1990, 301(6756):853–855.
10. Hackett PH, Rennie D: Rales, peripheral edema, retinal hemorrhage and
acute mountain sickness. Am J Med 1979, 67(2):214–218.
11. West JB, Schoene RB, Milledge JS: Acute mountain sickness, in High altitude
medicine and physiology. London: Arnold; 2007:251–269.
12. Mason NP, et al: Changes in plasma bradykinin concentration and citric
acid cough threshold at altitude. Wilderness Environ Med 2009, 2:353–358.
13. Thompson AA, et al: The citric acid cough threshold and the ventilatory
response to carbon dioxide on ascent to high altitude. Respir Med 2009,
103(8):1182–1188.
14. Bartsch P, Roach R, Hornbein T, Schoene R: Acute Mountain Sickness and
High-Altitude Cerebral Edema. In High Altitude: An Exploration of Human
Adaptation. New York: Marcel Dekker; 2001:732–740.
15. Roach R, et al: The Lake Louise acute mountain sickness scoring system.
In Hypoxia and Mountain Medicine. Edited by Sutton J, Houston C, Coates G.
Burlington: Queen City Printers; 1993:327–330.
16. Bartsch P, et al: Physiological aspects of high-altitude pulmonary edema.
J Appl Physiol 2005, 98(3):1101–1110.
17. Hultgren HN, et al: Physiologic Studies of Pulmonary Edema at High
Altitude. Circulation 1964, 29:393–408.
18. Mason NP, et al: Serial changes in spirometry during an ascent to 5,300
m in the Nepalese Himalayas. High Alt Med Biol 2000, 1(3):185–195.
19. Gray G, et al: Changes in the single-breath nitrogen washout curve on
exposure to 17,600 ft. J Appl Physiol 1975, 39(4):652–656.
20. Coates G, et al: Changes in lung volume, lung density, and
distribution of ventilation during hypobaric decompression. J Appl
Physiol 1979, 46(4):752–755.
21. Cremona G, et al: Pulmonary extravascular fluid accumulation in
recreational climbers: a prospective study. Lancet 2002, 359(9303):303–309.
22. Welsh CH, et al: Operation Everest. II: Spirometric and radiographic
changes in acclimatized humans at simulated high altitudes. Am Rev
Respir Dis 1993, 147(5):1239–1244.
23. Mason NP, et al: Serial changes in nasal potential difference and lung
electrical impedance tomography at high altitude. J Appl Physiol 2003,
94(5):2043–2050.
24. Dehnert C, et al: No evidence for interstitial lung oedema by extensive
pulmonary function testing at 4,559 m. Eur Respir J 2010, 35(4):812–820.
25. Widdicombe JG: Afferent receptors in the airways and cough. Respir
Physiol 1998, 114(1):5–15.
26. Mazzone SB: An overview of the sensory receptors regulating cough.
Cough 2005, 1:2.
27. Staub NC, Nagano H, Pearce ML: Pulmonary edema in dogs, especially the
sequence of fluid accumulation in lungs. J Appl Physiol 1967, 22(2):227–240.
28. Bonham AC, et al: Substance P contributes to rapidly adapting receptor
responses to pulmonary venous congestion in rabbits. J Physiol 1996,
493(Pt 1):229–238.
29. Gunawardena S, Bravo E, Kappagoda CT: Effect of chronic mitral valve
damage on activity of pulmonary rapidly adapting receptors in the
rabbit. J Physiol 1998, 511(Pt 1):79–88.
30. Gunawardena S, Bravo E, Kappagoda CT: Rapidly adapting receptors in a
rabbit model of mitral regurgitation. J Physiol 1999, 521(Pt 3):739–748.

Mason Cough 2013, 9:23
http://www.coughjournal.com/content/9/1/23

31. Bartsch P, et al: Prevention of high-altitude pulmonary edema by
nifedipine [see comments]. N Engl J Med 1991, 325(18):1284–1289.
32. Scherrer U, et al: Inhaled nitric oxide for high-altitude pulmonary edema.
N Engl J Med 1996, 334(10):624–629.
33. West JB, Schoene RB, Milledge JS: Ventilatory response to hypoxia and carbon
dioxide, in High altitude medicine and physiology. London: Arnold; 2007:51–66.
34. Bolser DC, Davenport PW: Functional organization of the central cough
generation mechanism. Pulm Pharmacol Ther 2002, 15(3):221–225.
35. Bonham AC, et al: Plasticity in the nucleus tractus solitarius and its
influence on lung and airway reflexes. J Appl Physiol 2006, 101(1):322–327.
36. Bonham AC, Sekizawa S, Chen CY, Joad JP: Plasticity of brainstem
mechanisms of cough. Respir Physiol Neurobiol 2006, 152:312–319.
37. Douglas NJ: Control of breathing during sleep. Clin Sci (Lond) 1984,
67(5):465–471.
38. Gothe B, et al: Effect of quiet sleep on resting and CO2-stimulated
breathing in humans. J Appl Physiol 1981, 50(4):724–730.
39. Gutstein H, Akil H: Opioid analgesics - centrally acting anti-tussive agents.
In Goodman and Gilman’s The Pharmacological Basis of Therapeutics. Edited
by Brunton L. New York: McGraw-Hil; 2006:578–579.
40. Banner AS: Relationship between cough due to hypotonic aerosol and
the ventilatory response to CO2 in normal subjects. Am Rev Respir Dis
1988, 137(3):647–650.
41. Barry P, et al: Cough receptor sensitivity and dynamic ventilatory
response to carbon dioxide in man acclimatised to high altitude
(Abstract). J Physiol 1996, 497:29–30.
42. Canning BJ: Anatomy and neurophysiology of the cough reflex: ACCP
evidence-based clinical practice guidelines. Chest 2006, 129(1 Suppl):33S–47S.
43. Israili ZH, Hall WD: Cough and angioneurotic edema associated with
angiotensin-converting enzyme inhibitor therapy. A review of the
literature and pathophysiology. Ann Intern Med 1992, 117(3):234–242.
44. Bhoola KD, Figueroa CD, Worthy K: Bioregulation of kinins: kallikreins,
kininogens, and kininases. Pharmacol Rev 1992, 44(1):1–80.
45. Decarie A, et al: Serum interspecies differences in metabolic pathways of
bradykinin and [des-Arg9]BK: influence of enalaprilat. Am J Physiol 1996,
271(4 Pt 2):H1340–H1347.
46. Swenson ER: Renal function and fluid homeostasis. In High Altitude:
An Exploration of Human Adaptation. Edited by Hornbein T, Schoene R.
New York: Marcel Dekker; 2001:537–539.
47. Ashack R, et al: Renal and hormonal responses to acute hypoxia in
normal individuals. J Lab Clin Med 1985, 106(1):12–16.
48. Molteni A, et al: The effect of chronic alveolar hypoxia on lung and
serum angiotensin I converting enzyme activity. Proc Soc Exp Biol Med
1974, 147(1):263–265.
49. Morrell NW, et al: Angiotensin converting enzyme expression is increased
in small pulmonary arteries of rats with hypoxia-induced pulmonary
hypertension. J Clin Invest 1995, 96(4):1823–1833.
50. Campbell DJ, Kladis A, Duncan AM: Bradykinin peptides in kidney, blood,
and other tissues of the rat. Hypertension 1993, 21(2):155–165.
51. Banner AS, Chausow A, Green J: The tussive effect of hyperpnea with cold
air. Am Rev Respir Dis 1985, 131(3):362–367.
52. Banner AS, Green J, O'Connor M: Relation of respiratory water loss to
coughing after exercise. N Engl J Med 1984, 311(14):883–886.
53. Sant'Ambrogio G, Widdicombe J: Reflexes from airway rapidly adapting
receptors. Respir Physiol 2001, 125(1–2):33–45.
54. Higenbottam T: The ionic composition of airway surface liquid and
coughing. Bull Eur Physiopathol Respir 1987, 23(Suppl 10):25s–27s.
55. Pugh L, et al: Muscular exercise at great altitude. J Appl Physiol 1964,
19:431–440.
56. Barry PW, Mason NP, O'Callaghan C: Nasal mucociliary transport is
impaired at altitude. Eur Respir J 1997, 10(1):35–37.
57. Barry PW, Mason NP, Richalet JP: Nasal peak inspiratory flow at altitude.
Eur Respir J 2002, 19(1):16–19.
58. Svensson S, Olin AC, Hellgren J: Increased net water loss by oral
compared to nasal expiration in healthy subjects. Rhinology 2006,
44(1):74–77.
59. McGarvey LP, Morice AH: Clinical cough and its mechanisms. Respir Physiol
Neurobiol 2006, 152(3):363–371.
60. Pratter MR: Cough and the common cold: ACCP evidence-based clinical
practice guidelines. Chest 2006, 129(1 Suppl):72S–74S.
61. Basnyat B, Litch JA: Medical problems of porters and trekkers in the
Nepal Himalaya. Wilderness Environ Med 1997, 8(2):78–81.

Page 7 of 7

62. Murdoch DR: Symptoms of infection and altitude illness among hikers in the
Mount Everest region of Nepal. Aviat Space Environ Med 1995, 66(2):148–151.
63. Birkebaek NH, et al: Bordetella pertussis and chronic cough in adults.
Clin Infect Dis 1999, 29(5):1239–1242.
64. Hallander HO, et al: Bordetella pertussis, Bordetella parapertussis,
Mycoplasma pneumoniae, Chlamydia pneumoniae and persistent cough
in children. Scand J Infect Dis 1999, 31(3):281–286.
65. Jacoby DB: Pathophysiology of airway viral infections. Pulm Pharmacol
Ther 2004, 17(6):333–336.
66. Dicpinigaitis PV: Chronic cough due to asthma: ACCP evidence-based
clinical practice guidelines. Chest 2006, 129(1 Suppl):75S–79S.
67. Dicpinigaitis PV: Cough. 4: Cough in asthma and eosinophilic bronchitis.
Thorax 2004, 59(1):71–72.
68. Strauss RH, et al: Influence of heat and humidity on the airway obstruction
induced by exercise in asthma. J Clin Invest 1978, 61(2):433–440.
69. Green M, Widdicombe JG: The effects of ventilation of dogs with
different gas mixtures on airway calibre and lung mechanics. J Physiol
1966, 186(2):363–381.
70. Nadel JA, Widdicombe JG: Effect of changes in blood gas tensions and
carotid sinus pressure on tracheal volume and total lung resistance to
airflow. J Physiol 1962, 163:13–33.
71. Reynolds AM, McEvoy RD: Tachykinins mediate hypocapnia-induced
bronchoconstriction in guinea pigs. J Appl Physiol 1989, 67(6):2454–2460.
72. Pollard AJ, et al: Hypoxia, hypocapnia and spirometry at altitude
[published erratum appears in Clin Sci (Colch) 1997 Dec;93(6):611].
Clin Sci (Colch) 1997, 92(6):593–598.
73. Pratter MR: Chronic upper airway cough syndrome secondary to rhinosinus
diseases (previously referred to as postnasal drip syndrome): ACCP
evidence-based clinical practice guidelines. Chest 2006, 129(1 Suppl):63S–71S.
74. Irwin RS: Chronic cough due to gastroesophageal reflux disease: ACCP
evidence-based clinical practice guidelines. Chest 2006, 129(1 Suppl):80S–94S.
75. Morice AH, Kastelik JA: Cough. 1: Chronic cough in adults. Thorax 2003,
58(10):901–907.
76. Pratter MR: Overview of common causes of chronic cough: ACCP
evidence-based clinical practice guidelines. Chest 2006, 129(1 Suppl):59S–62S.
77. Barry P: The output of nebulisers at high altitude (Abstract 143). High Alt
Med Biol 2001, 2:114.
78. Barry P, et al: Lung deposition of therapeutic aerosols at simulated
altitude (Abstract 144). High Alt Med Biol 2001, 2:114.
79. Mellor A: Research at high altitudes. J R Army Med Corps 2011, 157(1):5–7.
80. Widdicombe JG: Nasal airflow resistance at simulated altitude. Eur Respir J
2002, 19(1):4–5.
doi:10.1186/1745-9974-9-23
Cite this article as: Mason: Altitude-related cough. Cough 2013 9:23.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

