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Hej sa My. Varfor sitter du pa taket?

Hej, hej, svarade Mini. Jag sover
utomhus i natt darfor att jag ar olfaktiv. ...
Det betyder att jag ar kanslig for lukt.
Tove Jansson

Ur "Skurken i Muminhuset”
Bonniers Junior Forlag AB, 1980
(med tillstand fran forlaget)

To individuals with odour intolerance and
increased airway sensitivity

in the hope of better understanding

of this disease in the future.



Airway sensory hyperreactivity linked to capsaicin sensitivity

Definitions and epidemiology

Ake Johansson M.D, Institute of Medicine at Sahigka Academy,
University of Gothenburg, Department of Internaldvene.
Abstract
Aims:
* To study the relationship between odour intoleraarue capsaicin sensitivity
and to develop a definition of airway sensory hypectivity (SHR).
» To study epidemiology of odour intolerance; patacly regarding airway
symptoms, and to relate odour intolerance to ptessikk factors.
* To investigate the relationships between SHR dhdraespiratory diseases.
* To study psychiatric morbidity at SHR.

Material and methods: Totally 2847 adult subjects were included in thegelies;
55% of them were women and 897 were patients. &udand IV were performed
among patients referred to the Allergy Centre & @entral Hospital of Skoévde,
Sweden. Study IV also included a group of asthntemps from three Care Centres.
Study Il was a cross-sectional, population-baseuleepological study of adult
inhabitants in Skovde, and in study Il randomlylested individuals from this
population-based study were used. In all four ssidwe used questionnaires to
evaluate the symptoms arising from odour exposthie, consequences of these
symptoms for the participants’ social lives, andokimg habits. Olfactory function
was evaluated in study Il. Patients referred toAhergy Centre were diagnosed with
medical history, allergy investigations, and nose aulmonary function tests when
appropriate. In study IV methacholine tests werdgpmed in patients with SHR in
order to exclude asthma. Capsaicin inhalation t@ste used in study I, lll and IV.

Results: The limiting value for the capsaicin inhalatiosttevas defined as 35 coughs
after provocation with a concentration of eithed Gr 2.0 uM capsaicin. The
prevalence of SHR, defined as odour intoleranceh waitfective and behavioural
consequences and a positive capsaicin test, wiasagstl at 6% (95% ClI: 4.2-8.4) in a
general Swedish population. Odour intolerance watffiective and behavioural
consequences was reported by 19% (95% CI: 15-2#)e wne-third reported general
odour intolerance. There was no evidence for areased prevalence of SHR among
asthma patients, an increased prevalence of astmmang SHR patients, any
relationship between SHR and smoking, any relatignsetween SHR and depression
or anxiety, nor any association between odourénéwice and changed sense of smell.

Conclusions. The diagnosis “Airway sensory hyperreactivity” (8His proposed for
patients with airway symptoms and affective reaxdioto and behavioural
consequences of odour intolerance, who also hgesitive capsaicin inhalation test.

Keywords: Capsaicin; chemical sensitivity; epidemiology; odmuolerance;
sensory hyperreactivity;
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Definitions

Chemical sensitivity

Self-reported problems related to exposure to waictconcentrations of chemicals.
The definition includes circumstances related ta-odourous exposure. See Odour
intolerance.

Odour sensitivity

Self-reported problems related to exposure to aland pungents. The term “Odour
sensitivity” is often used as a synonym for Odountolerance, but today it is
sometimes preferred as a description of increag®ehya sensitivity to odours and
pungents.

Odour intolerance

Self-reported problems related to exposure to adland pungents. In this thesis, the
term is used as a synonym for Odour sensitivitys lbften used as a synonym for
Chemical sensitivity, although this is really a aidoncept.

Odour intolerance with self-reported affective and behavioural consequences

Odour intolerance with self-reported affective temts to odour exposure and
behavioural disruptions in daily activities is defd as a score43 on the Chemical
Sensitivity Scale for Sensory Hyperreactivity (CSSR).

Sensory hyperreactivity (SHR)

This term was initially used for a group of patemtith odour sensitivity and airway
symptoms after simple clinical characteristics (i).later studies, Airway Sensory
Hyperreactivity (SHR) was defined as the combimatad odour intolerance with

affective reactions and behavioural disruptionslaily activities (measured by CSS-
SHR score) and a pathological capsaicin inhalagsn(lll, IV).



Abbreviations

AAAAI American Academy of Allergi, Asthma and Immailogy
Ad Nerve fiber type A

B2 beta-2 receptor

BMI Body mass index

C2,C5 Concentration causing two or five coughspeetively, in response to a
provocation

C-fiber Nerve fibres of type C

Cl Confidence interval

CGRP Calcitonin gene-related peptide

COPD Chronic obstructive pulmonary disease

CSS Chemical sensitivity scale

CSS-SHR Chemical sensitivity scale for sensory hgaetivity
GINA Global Initiative for Asthma

EEG Electroencephalogram

ERP Event-related potential in EEG after stimulatio

FEV; Forced expiratory volume in one second after aimabkinspiration
HAD Hospital anxiety and depression scale

1= Idiopathic environmental intolerance

NGF Nerve growth factor

MCS Multiple chemical sensitivity

OR Odds ratio

PCxo Concentration causing a 20% fall compared to poegration value
PET scan Positron emission tomography imaging

SHR Airway sensory hyperreactivity

SP Substance P

SOIT Scandinavian Odour-Identification Test

TRP Transient receptor potential channel

TRPV-1  Transient receptor potential channel — Vaidilreceptor 1

VR-1 Vanilloid receptor 1

WHO World Health Organization



Introduction

In their daily clinical work, physicians analyzensgtoms, define diseases, and try to
find causes. One significant challenge in this ender is patients with symptoms
which after close examination still do not fit inémy generally accepted diagnoses;
this is even more troublesome for the patients vidwl that their symptoms are
misunderstood. This thesis deals with one suchpgodyatients.

Airway reactions to chemicals and odours are emsdemirotective biological
mechanisms against inhalation of toxic substaneesvever, in a certain group of
individuals, airway symptoms and sometimes gensgahptoms are induced by
exposure to concentrations of odours and irritatoggmical substances such as
perfumes, flower scents, and car exhausts, whiemarmally regarded as non-toxic.
These individuals have been described as havimenmaince to odours and pungent
substances, but still do not fit into any generaltcepted diagnosis, despite careful
examinations for obstructive pulmonary diseasegergyl, other immunological
disturbancies, or cardiovascular, gastrointestimaheurological diseases.

Historical background

Patients with a history of chemical intolerance éndbeen studied throughout the
world, and a number of attempts have been madefinedand explain the complexity

of their symptoms. Failure of human adaption tongfes in society and environment
have been hypothesized to cause disease sincedih&trial revolution, and exposure
to new chemicals and pungents even in low condemisahas often been in focus.

Opinions about etiology and pathogenesis have @dwhifgm time to time. Exposure

to toxic levels of chemicals can be harmful, and cause structural damage and
inflammation in the airways (1); and the capabibfyairborne chemicals to produce
sensory irritation and protective reflex reactibas been carefully studied (2). Nearly
a hundred years ago, it was found that animalstrpeged with strychnine reacted
more strongly to sensory stimulation in upper aysvéhan did control animals (3).

However, questions have been raised over the eseddéimat prolonged increased
airway sensitivity can be caused by exposure tel$eof airborne chemicals which are
normally regarded as non-toxic.

Multiple chemical sensitivity (MCS) is one examplé a proposed diagnosis; it is
characterized by symptoms from various organs assponse to exposure to low
concentrations of chemicals in the environment Téhe symptoms are similar to those
described for sick building syndrome (5). Theredhbeen great difficulties in finding
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measurable physiological parameters linked to tisgseromes, and shortly after the
publication of Cullen’s work, MCS was described ¢g1yme researchers as a mental
disorder (6). However, many patients with MCS show sign of psychiatric
morbidity, and no psychiatric theory or treatmeras hbeen established (7). An
investigation of young adults reported a high pkewee of odour intolerance, but in
contrast to expectations found no association aitkiety or depression (8). Other
researchers have emphasized the interactions bettireeolfactory and trigeminal
systems, and the possibility of learned behaviaur®ther cognitive or emotional
reactions as a result of odour exposure, as pessit@chanisms underlying the
symptoms (9-11).

Exposure and reactions to chemicals have attrattedtion from the perspective of
workers’ health, but the lack of scientific evidentor MCS as a toxicologically
mediated disorder has made the use of this teroggolb matter of doubt and
discussion. Idiopathic environmental intolerandgel)! once proposed as a diagnosis
by Randolph in 1950, has been recommended insteMIC& because it does not
point out the exposure as the cause of the probl8omamaries of this subject field are
given in "Workshop on MCS” (12) and in "Positioatstnent of the AAAAI board of
directors” (13). As is the case for MCS, the symmsmf IEI are often regarded as
reflecting psychological problems; e.qg. after apmyBradford Hill's criteria (14-16).

Other research groups have proposed diagnosesdierduals with airway symptoms
which cannot be explained by generally acceptedadiss. Lowhagen described an
“asthma-like” functional respiratory disorder r@dtto odour and pungent exposure
(17). Individuals with these symptoms often havengioms from both upper and
lower airways, and sometimes also general sympt@osthe condition was later
renamed functional breathing disorder (18).

Another syndrome which was proposed to define tipesblems was hyperventilation

syndrome, which is characterized by a variety ahatic symptoms, induced by

physiologically inappropriate hyperventilation, arebroduced in whole or in part by

voluntary hyperventilation. The Fourth Internatibrymposium on Respiratory

Psychophysiology discussed hyperventilation synér@nd attempted to settle on a
definition, but this definition has been questiori@€l). The hyperventilation test was
found to be invalid as a test for the problems wlosgd as hyperventilation syndrome,
and instead Howell suggested the term behavioursdthlessness (20); still, the
dispute about the diagnosis of hyperventilationdsgme has continued (21, 22).
Dysfunctional breathing is another example of thieoduced diagnoses to describe
patients with non-asthmatic divergent breathingegpas and breathing problems (23,
24).
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The descriptions of symptoms overlap, to a gre&rexin the syndromes described
above, and the lack of objectively measurable mhggical findings has been

problematic. It is not easy to assess asthma aher oespiratory symptoms with

guestionnaires alone, and it is important to beravaé the need for validation of such
tools when they are used in scientific studies.(25)

A study with controlled perfume provocation in odagtolerant patients showed that
the symptoms that these patients experienced adi@ur exposure could be induced
even when the subjects could not detect any sr@éll. (Another finding was that

patients with odour sensitivity and airway symptodenonstrated increased cough
reaction to inhaled capsaicin, compared both tdttneagubjects and to patients with
asthma (27). It was also shown that it is posdiblblock both symptoms and cough
response from capsaicin inhalation test with aiphalation of lidocain (28). We have

chosen to focus on patients with symptoms fromujyeer and lower airways related
to odour and pungent exposure, and to develop gectole test — the capsaicin

inhalation test — to study this field (I, 111).

Prevalence of odour intolerance

Although intolerance to odours and pungent subs&ns a frequently reported

problem in industrialized countries, before 1995one had studied its prevalence in a
general population. A questionnaire has been dpedloas a research tool for

investigating this problem, although its authorpbasized the difficulties inherent in

using questionnaires to distinguish between astmdachemical sensitivity (29).

The prevalence of chemical sensitivity was assessadtelephone survey conducted
in North Carolina, where 1446 households in a raraa were selected randomly.
Allergy was diagnosed from the questionnaire asc6éb@ng sick from exposure to

natural things”, and chemical sensitivity as “beammnsick after smelling chemical

odours”. According to these definitions, 35% ofp@sdents reported allergy and 33%
reported some degree of chemical sensitivity. Qirel f those reporting symptoms
of chemical sensitivity said that it happened asteonce a week (30).

In a similar telephone survey among a more urbaulation in Californa, in which
more than 4000 adults participated, 16% of the aedpents reported that they were
“allergic or unusually sensitive to everyday cheast. In this population, 6% had
been diagnosed by a doctor with MCS or enviromalttgss; but, surprisingly, nearly
half of them did not report any sensitivity to cheafs, and the authors could find no
explanation for this. Furthermore, among the 11% vdported asthma, 19% reported
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doctor-diagnosed environmental illness or MCS ampared to 4.6% in non-
asthmatics (31).

Another population-based questionnaire study ingated symptoms in patients with
asthma, allergic rhinitis, and odour intolerancle§ tightness as well as upper and
lower airway symptoms were common among patientsh vedour intolerance.
Asthmatics reported often feeling ill from some odo and non-asthmatics from
others. Individuals with chemical sensitivity refgal often asthma and a borderline
significance for increased chemical sensitivity agh@sthmatics compared to non-
asthmatics was also found (32).

A later postal survey of the population in the sooft Sweden showed that 10% of the
respondents reported annoyance from the smellehatals and 13% annoyance from
other smells. There were indications of a minoluerfice on subjective physical and
mental well-being in the group who reported annegafrom odours (33). When
comparing groups of individuals annoyed by smalljviduals annoyed by electricity,
and a control group, those annoyed by electriditgwsed strongly elevated scores
within the anxiety/neuroticism dimension, while seoannoyed by smell had a slight
elevation on only one anxiety scale (34).

In a population study, with a random sample of ntbean 1000 individuals, conducted
in the continental United States using a telephopestionnaire, 14% of the

respondents were diagnosed with asthma and 11%teeploeing hypersensitivity to

chemicals. Of those with asthma, 27% also repdr&adg hypersensitive to chemicals
and 7% were also diagnosed with MCS (35).

The quality of these studies varies, and they rgusstions regarding recruitment bias
and the accuracy of the questionnaire-based diagna$ allergy, asthma, and
chemical sensitivity. In addition, none of them leaéed the possible effect on
chemical sensitivity of changes in the sense ofilsifike findings of high prevalence
of chemical sensitivity among asthma patients ress studies are evident. However,
the telephone survey studies often report a vaglg Bsthma prevalence; and if asthma
is overdiagnosed, it is difficult to assess thevalence of chemical sensitivity among
asthmatics. In all, this points to a need for adddl research. The present thesis
addresses this need with a population-based stughich symptoms were recorded
via a structured interview together with an assesdraf the sense of smell (I1), and an
investigation of the relationship between airwapssey hyperreactivity (SHR) and
asthma (IV).
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Symptoms in individuals with odour intolerance

Patients who report odour intolerance often alsmplain of having a stuffy nose,
itching in the upper airways or in the ears, eyation, hoarseness, cough, dyspnoea,
or a feeling of blocked airways in the larynx regioNVhen it comes to mucosal
reactions after exposure to perfume and other dragg products, symptoms in the
upper airways are more common than those in ther@amwways. Sensitive individuals
also sometimes report pressure over the chest wml ehest pain accompanied by
general symptoms like headache, perspiration,geeraand tiredness (18, 26, 36, 37).
Some of these patients have been mistakenly diagnegh asthma, e.g. those who
report breathing trouble and chest discomfort aéeercise without having either
asthma or signs of other obstructive lung dise@8g (

In a five-year study of the prognosis of patientshwairway odour sensitivity in
combination with increased capsaicin sensitivibe severity of symptoms remained
constant and was related to low quality of life)(39

Different strategies are required to allow patiesith these symptoms to cope in daily
life. The feeling of being socially handicappednitensified by other people’s lack of
understanding, despite the fact that sensitivityodours and chemicals is common
within the population. In addition, patients aréeofconcerned that the symptoms will
transition into a serious disease (40).

In accordance with the discussion above, we chosguestionnaire that is not
constructed to assess the symptoms, but to med#saraffective reactions to and
behavioural consequences of chemical sensitivitSSHR (41). CSS-SHR is a
shorter version of the Chemical Sensitivity Sc&&88) (42, 43). Since the symptoms
in individuals with odour intolerance without aligror asthma have been a matter of
debate, we also included other aspects of symptdoggt in the investigations (I-1V).

Innervation of the airways

The main physiological function of the upper aireayg to guarantee the quality of
inhaled air, and so mechanisms to warm and humidéyinhaled air and to protect the
lower airways from inhaled particles and toxic dahses are important. Airway
reactions to chemical stimuli are essential proteqihysiological mechanisms against
the inhalation of harmful substances. These funsticequire an afferent sensory
nervous system, the common chemical sense, tdeetjie temperature, the humidity,
and the quality of inhaled air (44). Both the tngeal (ophthalmic, maxillary, and
mandibular nerve) and the glossopharyngeal neree imvolved in the afferent

13



innervations of upper airways, and the vagal neiegs a similar role in the lower
airways. The afferent nerves contain A-fibres (&g-fibres) and unmyelinated C-
fibres that branch through the basal membrane teatight junctions between the
epithelial cells. The protective physiological mastsms of the airways also require
the efferent nervous system to regulate secretioiime nose, mucosal swelling, and
pharyngeal and laryngeal function. Irritation of cous membranes in the nose can
result in bronchial constriction, but it is not kmo whether this reflex mechanism is
mediated through cholinergic or non-cholinergic gggmpathetic systems (45, 46).
The innervations of the airways, immunological teaxs in the upper and lower parts
of the airways, and known connections give us aslfas the concept of the united
airway (44, 47).

Together with the common chemical sense, the seinsmell plays an important role
in the physiological system protecting us from iakian of harmful substances. The
sense of smell has been viewed as a low-threshaidimg system, and the common
chemical sense as a high-threshold one, but thealasituation seems to be more
complicated. Repeated administration of n-butaesllts in adaptation to smell but
not to perception of the irritating stimulus (48he range of thresholds for olfactory
and trigeminal stimuli (irritants) is wide for sonsebstances and narrow for others.
For the majority of chemicals that have been ingastd, the olfactory threshold is
sufficiently lower than the irritant threshold toopide a warning signal before the
onset of irritation (49). These thresholds cantoeisd using a method developed on
the basis that trigeminal but not olfactory stinsuttan be localized to the left or right
side of the nasal mucosa (50). Another method istaoly trigeminal threshold in
anosmic individuals by comparison with healthy colst (9, 51). A study of anosmic
individuals, hyposmic individuals, and healthy coig showed a lower trigeminal
threshold in those with olfactory dysfunction tharhealthy controls, and a decrease
in trigeminal sensitivity with age (52).

Research into airway sensory nervous system angbsemeceptors has given new
insights about the interactions between inhaled amd the airways, and the
mechanisms are now better understood (53-56). faicegroup of airway sensory
receptors (TRP channels) belongs to the voltagedgi#ée ion channel family. These
receptors have, for example, the ability to seresmperature, pain, stretch, and
osmolarity, and they seem to be important for theraction between environment and
respiratory system. They also have important famstiin other organs. The receptors
are built up from proteins forming tetramers witltentral pore and a characteristic
amino acid sequence that can control the flux specific ion (Na+, K+, Ca2+, or
Mg2+) through the cell membrane. This function cannfiodified by other proteins
(57, 58).
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The TRPV-1 receptor (transient receptor potenti@nmel, vanilloid receptor 1) is a
receptor for capsaicin (59). Capsaicin is the ol#sgr major pungent ingredient in
chilli fruits, and belongs to a well defined groapvanillylamides (60). Inhalation of
capsaicin causes cough in the lower airways anok &drning sensation in the upper
airways (61, 62) by stimulating a population ofeaéint neurons, most of them C-
fibers but even some dAfibers (61, 63). Other receptors for capsaicirthia central
nerve system have been postulated (64). The TRP&:éptor is found in nerve
endings in the upper and lower airways, and it @aen respond at temperatures of
>42°C, to protons (acids) and also to a series afogenous lipids. The clinical
importance of this receptor has yet to be evalydiatione interesting finding is that
mucosal injury (which is a cause of local low pHtle tissue) can lead to increased
expression of TRPV-1 receptors. The C-fibres in upper airways of both animals
and humans contain neuropeptides (e.g. SP and CGWRRyogenic inflammation
through axon reflexes with the release of neuragepthas been demonstrated in both
upper and lower airways in rodents (65), but ijuestionable whether this occurs in
the lower airway in humans and there is only &lgtvidence for it in the upper airway
(66). However, the secretion of nerve growth fa¢hdGF) in the nose increases after
capsaicin provocation of lower airways in patientth airway odour sensitivity. It is
not yet known whether this is caused by a reflexchmmaism or a direct effect of
capsaicin on the nose cavity (67).

The response to capsaicin in the airways can bekétbboth by lidocaine (68) and by
capsazepine. Capsazepine is a synthetic analogueapgaicin, and acts as a
competitive antagonist (69). In guinea pigs, thec#r TPRV-1 inhibitor, V112220, a
pyridazinylpiperazine analogue, significantly initsbthe number of coughs induced
by both citric acid and capsaicin compared to @istf70).
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The TRP families represent a complex system ofptece in the airways, and it is an
interesting finding that some patients with symptoftom upper and lower airways
after exposure to odours and pungents have inaeessponse to the capsaicin
inhalation test. This could be the result of im®d expression of TRPV-1 or a
closely linked protein and this is the reason foe development of a capsaicin
inhalation test for diagnostic purposes (I, IlI).
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Objective verification of odour intolerance

Over the years, there has been much dispute abeytathophysiology of chemical
sensitivity, but only a few provocation studies &édeen performed. In a systematic
review of 37 studies regarding chemical intolera(i€®), only six were blinded, and
one of these was of chronic fatigue syndrome, whghof limited interest for
investigation of odour intolerance with airway syorps. Four of the blinded studies
showed some positive results. In one of them, MG@8epts underwent airway
provocation with the chemicals that they had regbrisymptoms from. The
participants could sometimes identify the stimibiuyt the symptoms could not be
reproduced when the provocations were double-blin@). However, in another
study, subjects with MCS who were provoked sindieded showed no difference
regarding sensations of smell or development of @&&ed symptoms compared to a
control group, but had significantly higher subjeetrating of symptoms related to
irritation (i.e., eyes, nose, throat, skin, andalieng difficulties) (73). In another study
subjects with chemical sensitivities took longeaartltontrols to adapt to baseline in the
protocols of some physiological measurements. A#idaptation, cases displayed
statistically significant responses in tonic eledgrmal response to test substances,
both compared with controls and compared with tbetrol substance. Symptoms
were also higher in cases than in controls for bedgh solution and dryer sheets (74).
In two other studies, subjects with odour sensitiwere provoked with perfume in
the lower airways or the eyes; they showed symptewren when the nose was
blocked so they could not sense smell during tiperments. These findings suggest
a hyperreactivity of the respiratory tract indudsda trigeminal reflex via the airways
or the eyes (26, 75).

The conclusion in the review of Das-Munshi et aswithat people with MCS do react
to chemical challenges, but that these responsesr anly when they can discern
differences between active and sham substancessiligests that the mechanism of
action is not specific to the chemical itself, Imight be related to expectations and
prior beliefs. However, these conclusions mustiba/&d with an understanding of the
heterogeneity of the patients included in the M@&dsome, and may not be relevant
for all patients, as several studies concernedvithgials with symptoms other than
those from the airways. Some of the studies dosopport the idea of a connection
between the symptoms of odour sensitive patiendsodfactory stimulation related to
expectations and prior beliefs, but until now tewfpatients have been studied. The
present thesis focuses on the group with mainkyairsymptoms after exposure to
odours and pungents (I-1V).
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Development of the capsaicin inhalation test

The finding that individuals with odour sensitivitgad increased sensitivity to
capsaicin inhalation (27) motivated the developnadrda capsaicin inhalation test for
diagnostic purposes (I, 111).

Different provocation tests for the airways haverbaleveloped in order to study
cough reactions in different airway diseases, antest various cough medications.
Capsaicin and citric acid have often been useddade experimental and pathologic
cough response in humans, but citric acid seemgivi® more problems with the
performance of the test and the reproducibilityhef results (76, 77).

Capsaicin produces a dose dependent cough resptirsenhalation of incremental
concentrations with no tachyphylaxis, or only atiphrand temporary one. The
response is an effect of stimulation of both thigria and more peripheral airways (61,
68, 77, 78). After capsaicin inhalation, patientghwodour sensitivity experience
dyspnoea, upper airway symptoms, and eye irritafi®). Inhaled lidocaine blocks
not only the cough (68, 77, 79), but also the dgsanand other airway symptoms
induced by capsaicin in patients with odour sevigjt(28).

Provocation tests with inhaled capsaicin can béopmed with different protocols,
either to define the threshold concentration fargtong two or five times (C2 and C5,
respectively), or to measure the cough responser dfthalation of a fixed
concentration (68, 77, 78, 80). Both methods haleaatages and limitations. The
fixed concentration method and the C5 thresholdhowetboth have good short-term
reproducibility when used in appropriate populasiobut a carry-over effect is seen
after provocation with a high concentration if tlests are performed in a randomized
order (77, 81). Long-term reproducibility has alsen studied, and has been found
sufficient for both methods (39, 81). It is impartdo realize that these methods do not
measure exactly the same physiological effect. Bo#thods measure the response
after the sensory signals have passed the filtdrarbrain and given the efferent signal
to cough; however, the threshold method measueeshiieshold for coughing while
the fixed concentration method measures the tadapanse of cough after an
inhalation of a concentration above the threshwidividuals with increased airway
sensitivity often cough even after inhalation dirsg which is a serious drawback of
the threshold method in this patient group (27,. 8#%)e inhalation equipment is
important for the results, and normative data nimesanalyzed for the method in use
(83).

A safety investigation covering 20 years of clihieaperiences of provocation tests
with inhaled capsaicin showed no serious adversatea humans (84).
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Given the known sensitive cough reflex in someguas with odour intolerance, the
threshold method did not seem to be appropriat&SkiR-patients. Therefore, in order
to develop normative data for a capsaicin inhatatiest in patients with odour
intolerance, we chose the fixed concentration neethdll).

Capsaicin sensitivity- relationship to other diseases, smoking, and gender

Atopic patients who suffer from airway symptomseafexposure to odours and
pungents have increased sensitivity to inhaled aiaipscompared to atopic patients
without airway symptoms after exposure to odours).(& asthmatics with birch
pollen allergy, sensitivity to capsaicin increasesing pollen season (86). However,
atopic patients without asthma did not have in@dasapsaicin sensitivity (87), nor
was there a correlation between cough threshold taedmethacholine test; this
suggests that cough sensitivity and bronchial nesipeness may be independently
potentiated by different mechanisms in chronic aywnflammation (88). Another
study of patients referred to an allergy clinic dese of lower airway symptoms
showed no relationship between capsaicin test attianholine test (89). On the other
hand, increased capsaicin sensitivity was foundet@n important contributor to the
presence of cough in both asthma and chronic atisteupulmonary disease (COPD).
No relationship between capsaicin responsivenedsaafiow limitation was found,
and therefore the mechanisms behind coughing ket lto be different from those
causing airway obstruction, at least in patientshwCOPD (90). The findings
regarding augmented capsaicin sensitivity in astpaients were claimed to be due to
cough variant asthma in a subgroup of the patisirise asthmatics without cough did
not show such an increase (91).

Sensitivity to inhaled capsaicin is augmented imuanber of chronic pulmonary
conditions with cough as a major symptom; for eximlpwer airway conditions such
as COPD (90, 92) and cystic fibrosis (93), and atsgptogenic fibrosing
alveolitis/idiopathic pulmonary fibrosis (94, 95Airway sensitivity to inhaled
capsaicin increases during respiratory infectid®®),(but is lower among smokers
than among non-smokers (97, 98); the second oéthedings is consistent with the
hypothesis that nicotine inhibits or blocks theilkrds of the sensory nervous system
of the lower respiratory tract (99).

Cough sensitivity is higher in females than in ,eglE00, 101). Other parameters such
as height, weight and lung function have been shtmnmave no major influence on
the outcome of capsaicin provocations, and heneedibparity between males and
females may be regarded as due to a true sexeatffer(102).
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However, one study of a group of patients with airocough showed no gender
differences in capsaicin sensitivity (80).

Given this evidence for relationships between dapsa&ensitivity and gender and
smoking, we were motivated to study these factorlation to odour sensitivity (Il -

IV). In addition, the disparity of opinions abottet relationship between capsaicin
sensitivity and asthma confirmed the importance ebfcidating the relationship

between SHR and asthma (1V).

Aims of the thesis

The general aims were:

* to study the relationship between odour intoleraacd capsaicin sensitivity
and to develop a definition SHR.

* to study epidemiology of odour intolerance; patacly regarding airway
symptoms, and to relate odour intolerance to ptessikk factors.

» toinvestigate the relationships between SHR ahdraespiratory diseases.

» to study psychiatric morbidity at SHR.

Study |

The aim of study | was to establish the capsainimaliation test in patients with
pronounced odour intolerance, in comparison tothgahdividuals and patients with
other airway symptoms.

Study I

The main aim of study Il was to determine the plewvee of self-reported general
odour intolerance, and the prevalence of such téhsithat has affective and
behavioural consequences for the individual. Otiiers were to determine the type
and severity of the symptoms induced by odoroug/ponsubstances; to relate odour
intolerance to possible risk factors such as sefiseell, gender, and smoking habits;
and to obtain normative data for the CSS-SHR.
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Study Il

The aim of study Ill was to determine the relatlupsbetween self-reported odour

intolerance and capsaicin sensitivity, and to estinthe prevalence of SHR, defined
as a combination of odour intolerance with affextand behavioural consequences
and a pathological capsaicin test. A secondaryvea® to evaluate, whether the order
of administrated capsaicin had any effect on tkpaase.

Study IV

The primary aim of study IV was to clarify whethiere is a relationship between
SHR and asthma, and to study the influence of sngokihe secondary aim was to
study whether SHR patients show signs of incregsgdhiatric morbidity.

Subjects and Methods

Subjects

The studies included a total of 2847 adult indialdy 897 of whom were patients. Of
these, 2252 eventually participated. Women wergh#li overrepresented (55%).
Studies | and IV were performed among patientsrredieto the Allergy Centre at the
Central Hospital of Skovde. Study IV also includedroup of asthma patients from
three Care Centres. Study Il was a cross-sectipogllation-based epidemiological
study of adult inhabitants in Skdvde, and in stlidlyandomly selected individuals
from this population-based study were further itigaged.

Ethical aspects

Informed consent was obtained from all participaftsstudies were approved by the
Regional Ethical Review Board of Gothenburg, Swedew L 147-99 (1), Dnr O 452-
00 (I1), Dnr © 616-02 (111), Dnr 239-06 (1V).

Questionnaires

Questionnaires were used to evaluate the symptomisheeir consequences for the
participants’ social lives (I-1V). In study |, wevaluated sensitivity to the odours of
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chemical substances such as perfumes, cleaningsafjewer scents, tobacco smoke,
and car exhaust fumes; we also evaluated the seifedts of sensitivity to odorous
substances. In later studies we used the CSS-SHRlidated questionnaire on the
affective and behavioural consequences of odowiteaty (41) (II-1V). In study IV
we also included the Hospital Anxiety and Depressérale (HAD), a validated
instrument for investigating signs of depressiod anxiety in patients (103-105), and
made use of a questionnaire for classifying astls@nerity into four groups by
symptoms and medication, in accordance with theASgNidelines (106).

Capsaicin inhalation test

A nebulizer (Pariboy 36; Paulritzau Pari-werk KGar®@berg-am-See, Germany) was
used to administer inhalation of aqueous dilutiohsin odourless capsaicin solution
prepared from a stock solution of capsaicin. Thealoer of coughs was registered and
counted for 10 min from the start of provocatiorheTtest was initiated with the
inhalation of | ml of saline for 6 min, in order teach the inhalation technique to the
participants. This was followed by 4 min of reshdathen the individuals were
provoked in the same manner with doses of capséicd 2.0, and 10.0 uM). The
10.0 uM capsaicin solution was later excluded doieexperiences of excessive
coughing and interrupted provocations on this cotration (l11, 1V). The cut-off for a
positive capsaicin inhalation test, primarily defihin study | and further discussed in
study l1ll, was finally defined as 35 coughs afteoyocation with a concentration of
either 0.4 or 2.0 uM capsaicin. The exclusion datéor the capsaicin provocation test
were pregnancy and breast-feeding, and the praeocatas not administered during
an acute respiratory infection nor for the follogitnree weeks.

Methacholine test

The methacholine test was performed as describddtwragen (107). Methacholine
chloride solution was nebulised in a nebulizer s, output 0.8ml/min with
continuous nebulisation) and inhaled by tidal bdreeg for 2 min. Methacholine was
inhaled in doubling concentrations starting with03. mg/ml to a maximum
concentration of 16 mg/ml. FEMWvas measured 30 and 90 s after each inhalatian. Th
provocation was continued with 5 min intervals betw inhalations until a fall in
FEV:; of 20% or greater was obtained; and the concemtrabf methacholine
producing such a fall in FEMPG,) was recorded. Treatment with inhajgeagonists
was ceased 6 h prior to challenge for short-acigggonists and 24 h prior to
challenge for long-acting. A fall in FEMf >20% after inhalation of a concentration
of <4.0 mg/ml was regarded as a positive test (IV).
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Results

Development of the capsaicin inhalation test for SHR

Patients with upper and lower airway problems wiad been admitted for allergy
testing (n=95) were grouped into those with SHR gpmg (n=15, 16%) and those
without, and compared with healthy controls. Allividuals reacted dose-dependently
to the capsaicin inhalation test, and patients sdwed high on the odour intolerance
guestionnaire reacted more than other patientsatsw more than healthy controls.
The 95% confidence intervals for mean values ofgboresponse after 2.0 and 10.0
1M did not overlap between patients and contrald, the limit values were thereafter
set to 10, 35, and 55 coughs respectively (l). Theoff for a positive capsaicin
inhalation test was finally defined as 35 coughsrgrovocation with a concentration
of either 0.4 or 2.0 uM capsaicin (llI, 1V).

Participants with a positive CSS-SHR scord3) coughed more on average than
others on the capsaicin concentrations of 0.4 uMQ®1) and 2.0 uM (p <0.0001).

The order of inhaled capsaicin concentration wamdoto influence the results, and
hence inhalation with increasing doses was recordet(lll).

The capsaicin inhalation test was performed intal twf 345 individuals without any
major adverse event.

SHR was defined as a combination of odour intolezamith affective reactions to and
behavioural consequences of exposure (CSS-S#83 and a pathological capsaicin
inhalation test (lll).

Epidemiology

The prevalence of intolerance to odorous and purgdrstances in a general Swedish
population was estimated with a structured intevwiecluding 1900 adults, 73% of
whom completed the study (ll). Self-reported odmtiolerance was found in 33% of
the participants, and was more common in women (QR5% CI: 1.6-2.5), but no
increased risk was found related to age, smokirgingpaired sense of smell
(measured with the Scandinavian Odour-Identificafiest). Respiratory symptoms
and current smoking were more common among patieiibtsodour intolerance, but
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were not related to either the total amount of smgpkpack-years) or BMI. The
pattern of different types of symptoms showed tradt of the 33% with self-reported
odour intolerance reported light symptoms and theerohalf moderate or severe
symptoms. More symptoms were reported from the wuip@a from the lower airways,
and one-third of those complaining of odour intafere reported other symptoms,
such as headache and nausea (I, part 1). Odalenance with positive CSS-SHR
was reported by 19% (95% CI: 15-22%) of 595 indinals. This was more common in
women (OR=2.3, 95% CI: 1.5-3.6), but no increasskl was found in relation to age,
smoking, or impaired sense of smell (I, part 2).

Study Il demonstrated a relationship between dapsaensitivity and CSS-SHR

score; 81% of those with a positive capsaicin iatiah test had a positive CSS-SHR
score, and only 5% of those with a negative CSS-SktiRe had a positive capsaicin
inhalation test. The prevalence of SHR in a gen8maédish adult population was
estimated at 6% (ll1).

Individuals with General population Individuals with a

odour intolerance \ positive CSS-SHR

Individuals with a —

positive capsaicin test

Fig. A positive capsaicin inhalation test was strongly related to odour
intolerance, but a small group of individuals had a positive capsaicin inhalation
test without a positive CSS-SHR score. In the great majority of people with
odour intolerance, capsaicin sensitivity was normal (l1- III).

In the group of patients referred to the Allergyn€e because of airway symptoms,
SHR (diagnosed with a positive symptom score arsitige capsaicin test) was related
to female gender, rhinitis, and lower airway sewityt to cold air; but not to age,
asthma, or smoking ().
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In 724 consecutive patients referred to the Alle@pntre, the prevalence of SHR was
investigated in four subgroups. The prevalence gnasthma patients was 6.4% (95%
Cl: 2.2-10.6) and that among patients with otheway symptoms was 8.8% (95% CI:
4.2-13.4). A lower prevalence was seen in the other groups; “allergic rhinitis
without asthma”, and “no airway disease” (IV).

Asthma was no more common among patients with StR tvould be expected in
the Swedish population (108-111), and there wasewidence that SHR is more
common among asthma patients than in the genepalgimn (1V).

No relationship between SHR and smoking was found, current smokers were
uncommon in the study population (V).

No relationship between SHR and depression wasdfomeither an augmented
prevalence of “possible depression”, accordintheoHAD scale, compared with data
from general Swedish population (112). Similarlye Wound no signs of increased
“possible anxiety or depression” (according to H¥D scale) in SHR compared to
asthmatics and other patients with a positive CH8-Score, who had been referred
to the Allergy Centre (1V).
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Discussion

The recognition of a group of patients whose symmgtare not in accordance with any
general accepted diagnosis is a significant chgdeboth in clinical practice and in
research. In the early phase of these studiedatieof validated tools in this area of
research was indeed problematic. Problems in tieenpts to define a disease are not
uncommon in medical science. One example is theldpment of the diagnosis of
bronchial asthma; after a decade of progress imgndstics and treatment, the
diagnosis has again been questioned (113, 114). diwelopment of scientific
knowledge was described in 1935 by Ludwig Flecithenmonograph “Entstehung und
Entwicklung einer wissenschaflichen Tatsache. iinding in die lehre von Denkstiel
und Denkkollektiv' (115, 116). This work had almdmten forgotten, when in 1962
Thomas Kuhn referred to it as “an essay that gqaties many of my own ideas”.
Kuhn’s analysis of changes in science in the maaayr The Structure of Scientific
Revolutions” obtained wide recognition, and theantéparadigm” for Fleck’s term
“Denkstiel” has often been used (117). Fleck wasmé&d in medicine, and his ideas
can easily be applied to medical research. The ldeveent of the Wasserman
reaction, with small steps being taken in inteactbetween several research groups
and re-evaluation of findings in the light of newokviedge (115, 116), has indeed
some similarity to the ongoing research into odotmlerance and the description of
airway sensory hyperreacitivity. It is not possildte use validated methods at the
beginning of a research project of this type, buthwncreasing knowledge the
validation improves, and sometimes new interpretatiof results are necessary. Often
this can be done within the same paradigm (Derlkslie be accepted as a paradigm,
a theory must explain the facts better than thepstimg thories, even if it does not
explain all known facts (117Y.he proposed diagnoses of dysfunctional breathing f
patients with otherwise undiagnosed breathing bl and MCS or IEI for
individuals with chemical sensitivity, have neitHsgen generally accepted nor been
replaced by other diagnoses. There is still no gdiyeaccepted paradigm which
explains the disease in these patients.

In this thesis, we have focused on a group of idd&is who experience airway
symptoms and sometimes general symptoms after espd® concentrations of
odours and irritating chemical substances whichramnally regarded as non-toxic.
Most of these individuals regard themselves assufj from a disease; however, the
symptoms may be a reaction to a society overload@d different fragranced
products, and could be seen simply as one extreimeomnal variability. These
symptoms have often been explained as a supposaaiynented psychiatric
vulnerability (6, 14, 15). However, the findingsathbsymptoms could be induced by

25



single-blinded perfume provocation, the increasedssivity to capsaicin in the
airways in a group of such individuals, and theckéme of both symptoms and cough
response of capsaicin inhalation after double-lgthtidocain inhalation, strengthens
the hypothesis of another pathophysiology (26-53,118).

We started by establishing limit values for a capsanhalation test in patients with
airway odour intolerance in comparison to contubjects (I). This knowledge was
used to develop the CSS-SHR questionnaire, which amned at evaluating the
affective reactions to and behavioural consequeotdse symptoms instead of trying
to measure the symptoms themselves (41). Thispsiitant since sensitive individuals
may change their behaviour due to the symptoms.eSowhividuals with increased
sensitivity may avoid exposure, and hence do niééistrom symptoms, while others
may choose to take part in social life even atadbst of exposure and consequent
symptoms. In the population-based study, a relakignwas established between CSS-
SHR score and capsaicin response. With the usleeodpsaicin test and CSS-SHR,
we were able to distinguish a group of individualsaracterized by a validated
guestionnaire and a measurable physiological fondior this group, we propose the
diagnosis of SHR (llI).

Although SHR has measurable characteristics, tagrestill unsolved problems. For
example, 20% of individuals with a positive capsaimhalation test do not have a
positive CSS-SHR score. This result can be intéedran different ways. One possible
explanation is that the questionnaire has a lowiteity; however, this does not seem
likely in the light of the fact that 19% of the pdation have a positive CSS-SHR
score. If the questionnaire has enough sensitiihen there must be other
explanations. It may be that capsaicin sensitirgitynked to odour intolerance without
a direct causal connection, or it may be a mattéhe timetable for the development
of this syndrome; the increased capsaicin sensitimmay develop before any

symptoms are experienced, or sometimes the opposte be the case. It is also
important to remember that cough sensitivity toseagin may be augmented in other
lower airway conditions, such as COPD (90, 92)ticylbrosis (93), and idiopathic

pulmonary fibrosis (94, 95).

Another question is how to explain the odour im@hee in individuals without a
positive capsaicin inhalation test. As many as tiwads of individuals with odour
intolerance and a positive CSS-SHR score belorthisogroup (l11). This result may
be partially explained by the fact that the cut4aif pathologic capsaicin inhalation
test was set with the aim of achieving high speityfi which resulted in a lower
sensitivity. It is also important to remember thgiper airway symptoms are more
common than lower airway symptoms among individwath odour intolerance, and
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our present test system actually tests sensitinitthe lower airways. We also think
that the group which reports odour intolerance et®rogenic group, and so different
mechanisms may be involved. Many of these indivglliave no airway symptoms,
but instead report more general problems such agdobe and nausea. The CSS-SHR
is not focused on airway symptoms, and it may hbeth advantages, regarding
coping strategies (discussed elsewhere), and dis#éalyes, in its nonspecificity. Even
if chemical sensitivity can be found in anosmiciuduals, the complex interaction
between the olfactory and the trigeminal system rhayof importance (10). Our
strong memory of odours, often connected to pasibivnegative experiences, gives a
plausible background for psychological reactions.

New findings may change the general opinion of sease, and recent research
regarding airway sensory receptors gives us a new wof the situation. In recent
years there has been an increasing interest ifathgy of TRP ion channels, which
are able to sense conditions including temperatur@xious stimuli, stretch,
osmolarity, and pain, and which may be involvediiferent diseases via an increased
level of channel expression (58, 119, 120). The Té&tPchannels are important for
multiple organ systems in their interaction witle gnvironment. Patients with chronic
cough showed a significant correlation between howgponse to capsaicin and the
number of TRPV-1 positive nerves in airway muco$alfj, and the expression of
TRPV1 is also upregulated in the smooth muscléefirways in these patients (122).
The complexity of the TRP receptor system may emplehy so many individuals
with odour intolerance have a negative capsaich aad why some with a positive
capsaicin test do not have symptoms; however, ital® possible that other
mechanisms are involved.

The psycho-neurological processing of chemosensaigrmation varies between

individuals, and mechanisms other than variatianghie receptor system may of
course be important for the development of sympt¢h28). In a recently published

study of mice, an interaction was found betweenosupe to odorous sulphur-

containing substances and the response to capsaitinincreased response to
capsaicin after exposure to the odours. This intena may be one explanation for the
findings of a connection between odour intolerased increased capsaicin sensitivity
(1) (124). If this can be reproduced in humans,could help to explain the

pathophysiological basis for odour intolerance &tR. Another recent study tested
the hypothesis of an association between capsaitigh sensitivity and sensitivity to

CO, with respect to detection sensitivity and eledigggological brain response. The
results imply that capsaicin cough sensitivity,lsas in SHR, is related to a higher
detection sensitivity, and tends to be related asier cortical processing of other
chemosomatosensory substances, at least 9f126).
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PET scan has been used as a method of visualigmac changes in metabolism. A
study of regional cerebral blood flow with PET scettowed that individuals with

MCS process odours differently from controls; hoem\this occurs without signs of
neuronal sensitization. One possible explanatioriife observed pattern of activation
in MCS is a top-down regulation of odour-responsge the cingulate cortex (126).
This finding is difficult to interpret, as it couldesult from either psychological
reactions or changes in the airway sensory systdiis patient group.

Some studies report that chemical sensitivitynkdd to psychiatric morbidity (6, 14),
and several studies have demonstrated a relatmdetween asthma and anxiety or
depression (127-129). The SHR patients in studydi@@ not show augmented
prevalence of “possible depression” (accordingh®HAD scale) compared with data
from the general Swedish population (112). Sigmofeased prevalence of “possible
anxiety or depression” (according to the HAD scateHR were not shown, when
we, in the Allergy Centre population, compared gras with SHR to patients with
asthma and other diagnoses with a positive CSS-&tdiRe, or compared to what was
earlier found in an adult asthma population (128 results do not support the theory
that psychiatric morbidity is a major cause of SH®wever, the number of patients
was limited; further studies in this field are neéd Our results cannot unreservedly
be generalised to other groups of patients withmeba sensitivity, for example those
with MCS.

Our results could indeed be interpreted as changethe psycho-neurological

processing of the afferent stimuli from the airwayter certain exposure; but the few
provocation studies in SHR patients, the corretatibetween symptom score and
response in the capsaicin test, the finding of ghanin response regarding nerve
growth factor in nasal lavage fluid after capsai@st in SHR patients, the lack of
signs of psychiatric morbidity in SHR patients, amgr general experience of the
patients, all speak in favour of the proposed dmsgnof SHR and of a peripheral
somatic pathophysiology for this disease (I, M) (26, 67, 75).

Odour intolerance is a common problem, and ourltesegarding the prevalence of
odour intolerance in a general Swedish populati@ia accordance with those of
other studies (30-33, 130). Like others, we fouhdt todour intolerance is more

common in females (ll, IIl) (30-33, 130). Therenig obvious explanation for this. In

study lll, one-third of the individuals with posié CSS-SHR had a positive capsaicin
inhalation test, both among men and among womeis. rf€sult could support the idea
that there is a direct linkage between odour imgwlee and capsaicin sensitivity which
is not correlated with sex differences.
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Chemical sensitivity seems to be increased inastlsome groups of asthma patients
(32, 35, 37), and capsaicin sensitivity is also encommon in asthma patients (91);
however, we found no evidence for SHR being moeyglent in asthmatic patients
than in the general population (IV). Our resultargat rule out the theory that SHR is
more common in asthmatics, but there is no obvrelesionship, and our results do
support the idea that SHR has a different pathagetiean asthma. On the other hand,
since both conditions are common, there ought teeveral patients with both asthma
and SHR. This interaction may result in diagnodiificulties and a risk of
overmedication of symptoms in asthma patients.

A study of the prevalence of SHR in teenagers sdavemsiderably lower prevalences
of odour intolerance, positive CSS-SHR scores, 8HR (1%) than in adults (131).

These findings indicate that SHR is an acquiredrdesr. It must be asked whether
exposure to odours and pungent substances causeatisttase, or whether it merely
induces the symptoms. Toxic effects and gene-enwiemt interactions are indeed
important to consider as possible causes of treades As is the case with MCS, SHR
patients are likely to regard themselves as hawiagn injured by the particular

exposure that accompanied the onset of problemsgaylowe have no definite

knowledge regarding such connections, and thism@ortant to remember, when we
are answering insurance questions.

With our definition of SHR, we have described aodier with a validated
guestionnaire and a measurable physiological Té¢st definition cannot include all
patients with odour intolerance or chemical sewigjti nor can it include all patients
with MCS, IEl, or dysfunctional breathing, even tlgh a proportion of patients with
MCS have a positive capsaicin test (132). Our prtedefinition of SHR is chosen to
give high specificity, which will result in few fe¢ positives but probably more false
negatives. This is important to remember, not aviten it is used as a research tool,
but also when it is used in clinical practice. Ttevelopment of the Wasserman
reaction to a medical success is now history. Othethods are in use, and the
Wasserman reaction is regarded to have too loweaifspty for today’s standards.
The asthma diagnosis is questioned, although thgr@ss in that field has resulted in
the development of good treatment for most cadais. thesis is concerned with a new
field of research, and our methods will undoubtdaftyreplaced by others with higher
sensitivity and specificity; still, we have takermat we hope are only the first steps
towards a better understanding of patients withuodttolerance.
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Conclusions

Intolerance to odours is a common phenomenon irsthedish population, and there
is a considerable group of individuals in whichnaly odour sensitivity is linked to an
increased capsaicin cough sensitivity. This is mooexmon among women than
among men. A high score on a questionnaire meagtinm affective and behavioural
consequences of odour intolerance, in combinatiibim avpositive capsaicin inhalation
cough test, represents a distinct clinical entigr this group of individuals, we
propose the diagnosis of airway sensory hyperngfctiSHR). The capsaicin
inhalation test was developed in several stepsstablish normative data and cut-off
values.

SHR was no more common in asthmatic patients thahd general population, and
asthma was no more common in SHR patients thahangeneral population. The
number of patients included in our study was snaalt] the results must be interpreted
with caution. Although the symptoms of SHR and @stlare often confused, there is
no obvious connection between the two conditions. Neve not found evidence for
the hypotheses that SHR is related to sense ofl &meimoking habits, nor for the
theory of psychiatric morbidity as a major causéhas disease.

Perspectives for the future

Controlled provocation studies with various iribgt substances are needed to
increase our understanding of the nature of thpe tyf reactions. A strict definition of
the patient group is essential for interpretatibrpmvocation tests and comparison
with controls. Methods developed to distinguishaolbry and trigeminal responses
could help us understand the mechanisms behindabdts of the provocations.
Studies of EEG-related responses in the cortexteetated potentials, or ERPS) after
sensory stimulation of the upper airway are pramgisn this field.

Investigation of the airway sensory receptors (#g.capsaicin receptor TRPV-1) has
given new insights into the interface between iadair and the airways, and further
studies in this field could be a key to the undedypathophysiology of SHR. The
capsaicin inhalation test may be useful in thessdiss. More knowledge of
pathophysiology and pathogenesis will increasepthesibility of finding methods for
prevention and treatment of the disease.
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Summary in Swedish -
Popularvetenskaplig sammanfattning

Vid exponering for dofter och luftburna kemiska @nruppstar hos somliga personer
symtom som t.ex. tungandning, tryck eller tyngdkén$ver brostet, hosta,
slembildning, heshet, snuva, nastappa och ogaitimit. Svettningar, trétthet, yrsel
och huvudvark rapporteras ocksa. Denna till synksd® kanslighet for doftande
amnen och kemikalier leder inte séllan till problbéde i arbetsliv och pa fritid. Vid
utredning finner man ofta varken allergi, astmaredinnan kand sjukdom. Lakemedel
mot astma och allerdiar inte heller nagon effekt. Detta tillstand hhabbenamnts
multipel kemisk 6verkéanslighet (multiple chemicahsitivity, MCS) och funktionell
andningsrubbning. Innan man 1998 pavisade en stappling mellan sadana
symptom och en 6kad kanslighet i luftvagarna f@motad capsaicinlosning saknades
satt att mata nagon stérning i kroppsfunktioneros tiessa personer. Capsaicin ar det
starka men luktfria kryddamnet i spansk peppar. Kzt tillredas i exakt angivha
spadningar for testning. Det har emellertid funrets behov av gransvarden for
capsaicintest vid understkning av denna patienfgrup

Avhandlingen har som syfte att bestimma gransvdi@ecapsaicintest, att definiera

begreppet sensorisk hyperreaktivitet i luftvagddRR$ utifran symtom samt kanslighet

vid capsaicintest och att beskriva férekomsten agsd problem i befolkningen.

Slutligen skall sambanden mellan SHR, luktsinnebaksrokning och astma

undersokas samt betydelsen av férekomst av angelstdepressionsbenagenhet for
SHR belysas. Som grund for detta har 4 delarbetmromgforts. Dessa har efter
prévning godkants av regionala etikprovningsnamridedteborg.

Syftet for studie | var att etablera gransvarden dépsaicintest hos patienter med
luftvagsbesvar utlésta av dofter och kemikalier. @dtienter, som remitterats for
allergiutredning undersoktes genom provokationerd nrehalation av capsaicin |
stigande koncentrationer. Antalet hoststotar regigtes, relaterades till
luftvdgssymptom och patienter med och utan doftigimst jamférdes med en grupp
friska individer.Hos alla férsokspersonerna uppstod en dosberoeaétéan i form av
hosta vid inhalation av stigande koncentration amms. Gransvarden foér okad
kanslighet vid capsaicintest bestamdes till 10, r8Spektive 55 hoststotar vid
koncentrationsstegen 0.4, 2.0 och 10l capsaicin.De uppsatta gransvardena for
capsaicinkanslighet analyserades vidare och kuddmKlas till ett varde. Om man
reagerar med35 hoststotar efter inhalation av 1 ml 0.4 ell€r2M capsaicinlésning
har man en 6kad kanslighet och testet beddéms s@usgtiv capsaicintest.
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| studie Il undersoktes forekomsten av sjalvrapgrad kénslighet for dofter och

kemikalier, vidare forekomsten av sadan kanslighmh medférde att personernas
beteende paverkades. Dessutom studerades om rokefaroforandrat luktsinne har

betydelse. Av ett slumpmassigt urval av 1900 vuimenare i Skovde fran olika

aldersgrupper angav 33% viss doftkanslighet me@éat Hade doftkanslighet av sadan
grad att detta paverkade personerna emotionelltsochalt. Férekomsten var dubbelt
sa hég hos kvinnor som hos man men férandrat hukgsieller rokvanor tycks inte

paverka forekomst av doftkanslighet.

| studie Il pavisades att det fanns starka sambarellan doftkanslighet och
kanslighet for capsaicin. 6% av befolkningen hadékédnslighet av sadan grad att
detta paverkade personerna emotionellt och sdmatbinerat med en dkad kanslighet
for capsaicin. Var slutsats blev att denna grugwesenterade en egen sjukdomstyp
som fick namnet sensorisk hyperreaktivitet i luffséna (SHR).

| studie IV undersoktes sambanden mellan SHR otimaasDessutom undersoktes
betydelsen av rokning och benagenhet for oro ogjesinfor forekomsten av SHR.
Astma och SHR tycks vara helt skilda sjukdomar idming tycks inte 6ka risken for
SHR. Oro, angest och depression ar vanligt vid kitmiska sjukdomar, aven vid
luftvagssjukdomar, men SHR tycks inte vara speckelpplat till psykisk ohalsa vid

jamforelse med allergi- och astmapatienter.

Slutsatsen blir att doftkanslighet ar vanligt i darenska befolkningen. En grupp av
dessa personer med pavisbar 6kad kanslighet idlydiy méatbar med capsaicintest,
kan avgransas och deras sjukdom kan definieras#iRn Denna sjukdom tycks inte
ha nagot samband med astma och inte heller meddi@atiluktsinne eller rokning.
Luftvagssjukdomar medfor ofta en psykisk pafreginich med hansyn till detta kan
inte nagot speciellt samband mellan SHR och psydisisa pavisas.

33



References

10.

11.

34

Brooks SM, Weiss MA, Bernstein IL. Reactive ags dysfunction
syndrome (RADS). Persistent asthma syndrome afjérlavel irritant
exposures.

Chest. 1985 Sep;88(3):376-84.

Alarie Y. Sensory irritation by airborne chenigca
CRC Crit Rev Toxicol. 1973 Nov;2(3):299-363.

Desoubry GaM, H.,. Nouvelles expériences corardria syncope
primaire laryngo-réflexe au début de I"anesthésie.
BullSocTher. 1914:16:574.

Cullen MR. The worker with multiple chemical séivities: an overview.
Occup Med. 1987 Oct-Dec;2(4):655-61.

Redlich CA, Sparer J, Cullen MR. Sick-buildingndrome.
Lancet. 1997 Apr 5;349(9057):1013-6.

Schottenfeld RS. Workers with multiple chemmsanhsitivities: a
psychiatric approach to diagnosis and treatment.
Occup Med. 1987 Oct-Dec;2(4):739-53.

Sparks PJ, Daniell W, Black DW, Kipen HM, Altma@, Simon GE, et
al. Multiple chemical sensitivity syndrome: a ctial perspective. |I. Case
definition, theories of pathogenesis, and reseaeds.

J Occup Med. 1994 Jul;36(7):718-30.

Bell IR, Schwartz GE, Peterson JM, Amend D. -8glorted illness from
chemical odors in young adults without clinical dgames or
occupational exposures.

Arch Environ Health. 1993 Jan-Feb;48(1):6-13.

Dalton P. Upper airway irritation, odor perceptand health risk due to
airborne chemicals.
Toxicol Lett. 2003 Apr 11;140-141:239-48.

Hummel T, Livermore A. Intranasal chemosengongtion of the
trigeminal nerve and aspects of its relation taalibn.
Int Arch Occup Environ Health. 2002 Jun;75(5):3(b-1

Seeber A, van Thriel C, Haumann K, KiessweftdBlaszkewicz M,
Golka K. Psychological reactions related to chemssgy irritation.
Int Arch Occup Environ Health. 2002 Jun;75(5):3B4-2



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Conclusions and Recommendations of a Workshddutiple Chemical
Sensitivities (MCS).
Regulatory Toxicology and Pharmacology 1996;24188&S9.

Anonymous. Idiopathic environmental intoleramc®merican Academy
of Allergy, Asthma and Immunology (AAAAI) Board @firectors.
J Allergy Clin Immunol. 1999 Jan;103(1 Pt 1):36-40.

Staudenmayer H, Binkley KE, Leznoff A, PhilligsIdiopathic
environmental intolerance: Part 2: A causationysialapplying Bradford
Hill's criteria to the psychogenic theory.

Toxicol Rev. 2003;22(4):247-61.

Staudenmayer H, Binkley KE, Leznoff A, Phillisldiopathic
environmental intolerance: Part 1: A causatioryamapplying
Bradford Hill's criteria to the toxicogenic theory.

Toxicol Rev. 2003;22(4):235-46.

Hill AB. The Environment and Disease: Assooltor Causation?
Proc R Soc Med. 1965 May;58:295-300.

Lowhagen O. [Functional respiratory disordexsignificant differential

diagnosis in asthma).
Lakartidningen. 1989 Jan 4;86(1-2):57-9.

Ringsberg KC, Lowhagen O, Sivik T. Psycholobiiierences between
asthmatics and patients suffering from an asthkedondition,
functional breathing disorder: a comparison betwéertwo groups
concerning personality, psychosocial and somatiarpaters.

Integr Physiol Behav Sci. 1993 Oct-Dec;28(4):358-67

Lewis RA, Howell JB. Definition of the hyperuéation syndrome. Bull
Eur Physiopathol Respir. 1986 Mar-Apr;22(2):201-5.

Howell JB. Behavioural breathlessness.
Thorax. 1990 Apr;45(4):287-92.

Hornsveld HK, Garssen B, Dop MJ, van SpiegetiPIHaes JC. Double-
blind placebo-controlled study of the hyperveniiatprovocation test
and the validity of the hyperventilation syndrome.

Lancet. 1996 Jul 20;348(9021):154-8.

Malmberg LP, Tamminen K, Sovijarvi AR. Hyperti&tion syndrome.
Thorax. 2001 Jan;56(1):85-6.

35



23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

36

Dixhoorn v. Hyperventilation and dysfunctiobagathing.
Biol Psychol. 1997;46:90-1.

Thomas M, McKinley RK, Freeman E, Foy C. Prexak of
dysfunctional breathing in patients treated fohat in primary care:
cross sectional survey.

BMJ. 2001 May 5;322(7294):1098-100.

Toren K, Brisman J, Jarvholm B. Asthma andrastfike symptoms in
adults assessed by questionnaires. A literatuiewev
Chest. 1993 Aug;104(2):600-8.

Millgvist E, Lowhagen O. Placebo-controlled idrages with perfume in
patients with asthma-like symptoms.
Allergy. 1996 Jun;51(6):434-9.

Millqvist E, Bende M, Lowhagen O. Sensory hypactivity--a possible
mechanism underlying cough and asthma-like symptoms
Allergy. 1998 Dec;53(12):1208-12.

Millgvist E. Cough provocation with capsaicéan objective way to test
sensory hyperreactivity in patients with asthma-symptoms.
Allergy. 2000 Jun;55(6):546-50.

Kipen HM, Hallman W, Kelly-McNeil K, Fiedler NMeasuring chemical
sensitivity prevalence: a questionnaire for popoitastudies.
Am J Public Health. 1995 Apr;85(4):574-7.

Meggs WJ, Dunn KA, Bloch RM, Goodman PE, Daffidd.. Prevalence
and nature of allergy and chemical sensitivity geaeral population.
Arch Environ Health. 1996 Jul-Aug;51(4):275-82.

Kreutzer R, Neutra RR, Lashuay N. Prevalengeeople reporting
sensitivities to chemicals in a population-basasesy
Am J Epidemiol. 1999 Jul 1;150(1):1-12.

Baldwin CM, Bell IR, O'Rourke MK. Odor sensitiwand respiratory
complaint profiles in a community-based sample \&gthma, hay fever,
and chemical odor intolerance.

Toxicol Ind Health. 1999 Apr-Jun;15(3-4):403-9.

Carlsson F, Karlson B, Orbaek P, Osterberg #€ef@ren PO. Prevalence
of annoyance attributed to electrical equipmentsmadlls in a Swedish
population, and relationship with subjective healtid daily functioning.
Public Health. 2005 Jul;119(7):568-77.



34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Osterberg K, Persson R, Karlson B, Carlssonfs&Xkrbaek P.
Personality, mental distress, and subjective healthplaints among
persons with environmental annoyance.

Hum Exp Toxicol. 2007 Mar;26(3):231-41.

Caress SM, Steinemann AC. National prevalehestbma and chemical
hypersensitivity: an examination of potential oaget!
J Occup Environ Med. 2005 May;47(5):518-22.

Ringsberg KC, Bjarneman P, Lowhagen O, Odefo#en K. Differences
in trigger factors and symptoms between patientis asthma-like
symptoms and patients with asthma: developmentalsss for a
guestionnaire.

Respir Med. 2002 May;96(5):305-11.

Elberling J, Linneberg A, Dirksen A, JohansBn Brolund L, Madsen F,
et al. Mucosal symptoms elicited by fragrance potslin a population-
based sample in relation to atopy and bronchiaéhygactivity.

Clin Exp Allergy. 2005 Jan;35(1):75-81.

Lowhagen O, Arvidsson M, Bjarneman P, Jorgem&efxercise-induced
respiratory symptoms are not always asthma.
Respir Med. 1999 Oct;93(10):734-8.

Ternesten-Hasseus E, Lowhagen O, Millgvist &al@y of life and
capsaicin sensitivity in patients with airway syomps induced by
chemicals and scents: a longitudinal study.

Environ Health Perspect. 2007 Mar;115(3):425-9.

Larsson C, Martensson L. Experiences of proslienmdividuals with
hypersensitivity to odours and chemicals.
In manuscript; 2008.

Nordin S, Millgvist E, Lowhagen O, Bende M. Aost Chemical
Sensitivity Scale for assessment of airway sensgpgrreactivity.
Int Arch Occup Environ Health. 2004 May;77(4):249-5

Nordin S. The Chemical Sensitivity Scale: Psyoétric properties and
comparison with the noise sensitivity scale.
Journal of Enviromental Psychology. 2003;23:359-67.

Nordin S. Normative data for the chemical sensi scale. Journal of
Enviromental Psychology. 2004;77:399-403.

Togias A. Rhinitis and asthma: evidence fopirasory system
integration. J Allergy Clin Immunol. 2003 Jun;11t (8 71-83.

37



45.

46.

47.

48.

49.

50.

5l.

52.

93.

4.

95.

56.

38

Undem BJ, McAlexander M, Hunter DD. Neurobiglai the upper and
lower airways.
Allergy. 1999;54 Suppl 57:81-93.

Karlsson JA, Sant'‘Ambrogio G, Widdicombe J.eidint neural pathways
in cough and reflex bronchoconstriction.
J Appl Physiol. 1988 Sep;65(3):1007-23.

Simons FE. Allergic rhinobronchitis: the asthati@rgic rhinitis link. J
Allergy Clin Immunol. 1999 Sep;104(3 Pt 1):534-40.

Cain WS. Olfaction and the common chemical seseme
psychophysical contrasts.
Sens Processes. 1976 Jun;1(1):57-67.

Cometto-Muniz JE, Cain WS. Relative sensitiatyhe ocular
trigeminal, nasal trigeminal and olfactory systémairborne chemicals.
Chem Senses. 1995 Apr;20(2):191-8.

Cometto-Muniz JE, Cain WS. Trigeminal and dlbag sensitivity:
comparison of modalities and methods of measurement
Int Arch Occup Environ Health. 1998 Mar;71(2):106-1

Cometto-Muniz JE, Cain WS. Thresholds for calwat nasal pungency.
Physiol Behav. 1990 Nov;48(5):719-25.

Hummel T, Futschik T, Frasnelli J, HuttenbriGR. Effects of olfactory
function, age, and gender on trigeminally mediaasations: a study
based on the lateralization of chemosensory stimuli

Toxicol Lett. 2003 Apr 11;140-141:273-80.

Jordan D. Central nervous pathways and cootrible airways.
Respir Physiol. 2001 Mar;125(1-2):67-81.

Lee LY, Pisarri TE. Afferent properties andegffunctions of
bronchopulmonary C-fibers.
Respir Physiol. 2001 Mar;125(1-2):47-65.

Sant'Ambrogio G, Widdicombe J. Reflexes frorwvay rapidly adapting
receptors.
Respir Physiol. 2001 Mar;125(1-2):33-45.

Schelegle ES, Green JF. An overview of theamgtand physiology of
slowly adapting pulmonary stretch receptors.
Respir Physiol. 2001 Mar;125(1-2):17-31.



S7.

58.

99.

60.

61.

62.

63.

64.

65.

66.

67.

Huang CL. The transient receptor potential dapaly of ion channels. J
Am Soc Nephrol. 2004 Jul;15(7):1690-9.

Kim D, Baraniuk JN. Sensing the air aroundtiis:voltage-gated-like ion
channel family.
Curr Allergy Asthma Rep. 2007 May;7(2):85-92.

Caterina MJ, Schumacher MA, Tominaga M, Ros&nlLEvine JD,
Julius D. The capsaicin receptor: a heat-activeteadhannel in the pain
pathway.

Nature. 1997 Oct 23;389(6653):816-24.

Cordell GA, Araujo OE. Capsaicin: identificatiooomenclature, and
pharmacotherapy.
Ann Pharmacother. 1993 Mar;27(3):330-6.

Fuller RW, Dixon CM, Barnes PJ. Bronchocongtricesponse to inhaled
capsaicin in humans.
J Appl Physiol. 1985 Apr;58(4):1080-4.

Philip G, Baroody FM, Proud D, Naclerio RM, TagAG. The human
nasal response to capsaicin.
J Allergy Clin Immunol. 1994 Dec;94(6 Pt 1):1035-45

Coleridge HM, Coleridge JC, Luck JC. Pulmoreiferent fibres of small
diameter stimulated by capsaicin and by hyperiitadf the lungs.
J Physiol. 1965 Jul;179(2):248-62.

Sasamura T, Kuraishi Y. Peripheral and ceattabns of capsaicin and
VR1 receptor.
Jpn J Pharmacol. 1999 Aug;80(4):275-80.

Barnes PJ. Neurogenic inflammation in the aymva
Respir Physiol. 2001 Mar;125(1-2):145-54.

Sanico AM, Atsuta S, Proud D, Togias A. Plagxiaavasation through
neuronal stimulation in human nasal mucosa in ¢ting of allergic
rhinitis.

J Appl Physiol. 1998 Feb;84(2):537-43.

Millgvist E, Ternesten-Hasseus E, Stahl A, BeNt Changes in levels of
nerve growth factor in nasal secretions after aapsanhalation in

patients with airway symptoms from scents and chalsi
Environ Health Perspect. 2005 Jul;113(7):849-52.

39



68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

40

Collier JG, Fuller RW. Capsaicin inhalatiomman and the effects of
sodium cromoglycate.
Br J Pharmacol. 1984 Jan;81(1):113-7.

Bevan S, Hothi S, Hughes G, James IF, RangSH&h K, et al.
Capsazepine: a competitive antagonist of the sgmsarrone excitant
capsaicin.

Br J Pharmacol. 1992 Oct;107(2):544-52.

Leung SY, Niimi A, Williams AS, Nath P, Blan&XFDin QT, et al.
Inhibition of citric acid- and capsaicin-inducedugh by novel TRPV-1
antagonist, V112220, in guinea-pig.

Cough. 2007 Dec 23;3(1):10.

Das-Munshi J, Rubin GJ, Wessely S. Multiplencival sensitivities: A
systematic review of provocation studies.
J Allergy Clin Immunol. 2006 Dec;118(6):1257-64.

Staudenmayer H, Selner JC, Buhr MP. Doubledipiovocation chamber
challenges in 20 patients presenting with "multgitemical sensitivity".
Regul Toxicol Pharmacol. 1993 Aug;18(1):44-53.

Georgellis A, Lindelof B, Lundin A, Arnetz B,ilk¢rt L. Multiple
chemical sensitivity in male painters; a controlgdvocation study.
Int J Hyg Environ Health. 2003 Oct;206(6):531-8.

Joffres MR, Sampalli T, Fox RA. Physiologic ayinptomatic responses
to low-level substances in individuals with andhemt chemical
sensitivities: a randomized controlled blinded pidooth study.

Environ Health Perspect. 2005 Sep;113(9):1178-83.

Millgvist E, Bengtsson U, Lowhagen O. Provoaas with perfume in the
eyes induce airway symptoms in patients with sgnispperreactivity.
Allergy. 1999 May;54(5):495-9.

Pounsford JC, Saunders KB. Diurnal variatioth attaptation of the
cough response to citric acid in normal subjects.
Thorax. 1985 Sep;40(9):657-61.

Midgren B, Hansson L, Karlsson JA, Simonsson B&sson CG.
Capsaicin-induced cough in humans.
Am Rev Respir Dis. 1992 Aug;146(2):347-51.

Hansson L, Wollmer P, Dahlback M, Karlsson Bagional sensitivity of
human airways to capsaicin-induced cough.
Am Rev Respir Dis. 1992 May;145(5):1191-5.



79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Hansson L, Midgren B, Karlsson JA. Effectsndfaled lignocaine and
adrenaline on capsaicin-induced cough in humans.
Thorax. 1994 Nov;49(11):1166-8.

Choudry NB, Fuller RW. Sensitivity of the cougflex in patients with
chronic cough.
Eur Respir J. 1992 Mar;5(3):296-300.

Dicpinigaitis PV. Short- and long-term reprothudy of capsaicin cough
challenge testing.
Pulm Pharmacol Ther. 2003;16(1):61-5.

Millgvist E, Lowhagen O, Bende M. Quality dieliand capsaicin
sensitivity in patients with sensory airway hypeautvity.
Allergy. 2000 Jun;55(6):540-5.

Ternesten-Hasseus E, Johansson K, Lowhagenli@yist E. Inhalation
method determines outcome of capsaicin inhalatiqgratients with
chronic cough due to sensory hyperreactivity.

Pulm Pharmacol Ther. 2006;19(3):172-8.

Dicpinigaitis PV, Alva RV. Safety of capsai@daugh challenge testing.
Chest. 2005 Jul;128(1):196-202.

Millgvist E, Johansson A, Bende M. Relationsbiigirway symptoms
from chemicals to capsaicin cough sensitivity iopat subjects.
Clin Exp Allergy. 2004 Apr;34(4):619-23.

Weinfeld D, Ternesten-Hasseus E, Lowhagen OgWkt E. Capsaicin
cough sensitivity in allergic asthmatic patientsreases during the birch
pollen season.

Ann Allergy Asthma Immunol. 2002 Oct;89(4):419-24.

Fujimura M, Kasahara K, Yasui M, Myou S, Iskitf, Kamio Y, et al.
Atopy in cough sensitivity to capsaicin and bromathésponsiveness in
young females.

Eur Respir J. 1998 May;11(5):1060-3.

Fujimura M, Kamio Y, Hashimoto T, Matsuda Trway cough
sensitivity to inhaled capsaicin and bronchial cesiveness to
methacholine in asthmatic and bronchitic subjects.
Respirology. 1998 Dec;3(4):267-72.

Ternesten-Hasseus E, Farbrot A, Lowhagen QgWsk E. Sensitivity to

methacholine and capsaicin in patients with unalespiratory symptoms.
Allergy. 2002 Jun;57(6):501-7.

41



90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

42

Doherty MJ, Mister R, Pearson MG, Calverley RMpsaicin
responsiveness and cough in asthma and chroniciotrée pulmonary
disease.

Thorax. 2000 Aug;55(8):643-9.

Dicpinigaitis PV. Capsaicin responsivenesssihma and COPD.
Thorax. 2001 Feb;56(2):162.

Wong CH, Morice AH. Cough threshold in patientth chronic
obstructive pulmonary disease.
Thorax. 1999 Jan;54(1):62-4.

Chang AB, Phelan PD, Sawyer SM, Del Brocco@drison CF. Cough
sensitivity in children with asthma, recurrent cbugnd cystic fibrosis.
Arch Dis Child. 1997 Oct;77(4):331-4.

Doherty MJ, Mister R, Pearson MG, Calverley RMpsaicin induced
cough in cryptogenic fibrosing alveolitis.
Thorax. 2000 Dec;55(12):1028-32.

Hope-Gill BD, Hilldrup S, Davies C, Newton Rfarrison NK. A study
of the cough reflex in idiopathic pulmonary fibresi
Am J Respir Crit Care Med. 2003 Oct 15;168(8):9952

O'Connell F, Thomas VE, Studham JM, Pride NBleF RW. Capsaicin
cough sensitivity increases during upper respiyattfection.
Respir Med. 1996 May;90(5):279-86.

Millgvist E, Bende M. Capsaicin cough sensiyivs decreased in
smokers.
Respir Med. 2001 Jan;95(1):19-21.

Dicpinigaitis PV. Cough reflex sensitivity ilgarette smokers.
Chest. 2003 Mar;123(3):685-8.

Hansson L, Choudry NB, Karlsson JA, Fuller Rialed nicotine in
humans: effect on the respiratory and cardiovas&ylstems.
J Appl Physiol. 1994 Jun;76(6):2420-7.

Dicpinigaitis PV, Allusson VR, Baldanti A, Nehati JR. Ethnic and
gender differences in cough reflex sensitivity.
Respiration. 2001;68(5):480-2.

Dicpinigaitis PV, Rauf K. The influence of glem on cough reflex
sensitivity.
Chest. 1998 May;113(5):1319-21.



102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

Fujimura M, Kasahara K, Kamio Y, Naruse M, Ka®to T, Matsuda T.
Female gender as a determinant of cough thresbafdhéled capsaicin.
Eur Respir J. 1996 Aug;9(8):1624-6.

Snaith RP, Taylor CM. Rating scales for depiogsand anxiety: a current
perspective.
Br J Clin Pharmacol. 1985;19 Suppl 1:17S-20S.

Bjelland I, Dahl AA, Haug TT, Neckelmann D.eMalidity of the
Hospital Anxiety and Depression Scale. An updaiteddture review.
J Psychosom Res. 2002 Feb;52(2):69-77.

Zigmond AS, Snaith RP. The hospital anxiety depression scale.
Acta Psychiatr Scand. 1983 Jun;67(6):361-70.

Global strategy for asthma management ancepten(GINA).
Updated 2007. NIH publication number 02-3659. 2002;
Available at http//:www.ginasthma.arg

Lowhagen O. Methodological aspects of assagsoi@on-specific
bronchial hyperreactivity.
Eur J Respir Dis Suppl. 1984;136:33-40.

Larsson ML, Frisk M, Hallstrom J, KiviloogLlyndback B.
Environmental tobacco smoke exposure during chddhe associated
with increased prevalence of asthma in adults.

Chest. 2001 Sep;120(3):711-7.

Lundback B, Stjernberg N, Nystrom L, Lundb&cK.indstrom M,
Rosenhall L. An interview study to estimate premakeof asthma and
chronic bronchitis. The obstructive lung diseasearthern Sweden
study.

Eur J Epidemiol. 1993 Mar;9(2):123-33.

Montnemery P, Adelroth E, Heuman K, JohanmigsoJohansson SA,
Lindholm LH, Lundback B, Lofdahl CG. Prevalenceotistructive lung
diseases and respiratory symptoms in southern Swede

Respir Med. 1998 Dec;92(12):1337-45.

Pallasaho P, Lundback B, Meren M, Kiviloogdit HM, Larsson K,
Laitinen LA. Prevalence and risk factors for asthand chronic
bronchitis in the capitals Helsinki, Stockholm, arallinn.

Respir Med. 2002 Oct;96(10):759-69.

43



112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

44

Lisspers J, Nygren A, Soderman E. Hospitalidyxand Depression
Scale (HAD): some psychometric data for a Swedishpe.
Acta Psychiatr Scand. 1997 Oct;96(4):281-6.

Hargreave FE, Leigh R, Parameswaran K. Astisreadisease concept.
Lancet. 2006 Oct 21;368(9545):1415-6.

Editorial. A plea to abandon asthma as a seseancept.
Lancet. 2006 Aug 26;368(9537):705.

Fleck L. Entstehung und Entwicklung einer \Wrshaftlichen Tatsache.
Einfurung in die Lehre von Denkstil und Denkkolliekt
Brutus Ostlings Bokférlag Symposion; 1935.

Fleck L, Merton RK, Trenn TJ. Genesis and tigpraent of a scientific
fact. Chicago: Univ. of Chicago Press; 1979.

Kuhn TS. The structure of scientific revolaso2d ed.
Chicago: Univ. of Chicago Press; 1970.

Millgvist E. Mechanisms of increased airwagsstvity to occupational
chemicals and odors.
Curr Opin Allergy Clin Immunol. 2008 Apr;8(2):135-9

Venkatachalam K, Montell C. TRP channels.
Annu Rev Biochem. 2007;76:387-417.

Nilius B, Owsianik G, Voets T, Peters JA. Tsi@nt receptor potential
cation channels in disease.
Physiol Rev. 2007 Jan;87(1):165-217.

Groneberg DA, Niimi A, Dinh QT, Cosio B, Hew, Kischer A, et al.
Increased expression of transient receptor poteraralloid-1 in airway
nerves of chronic cough.

Am J Respir Crit Care Med. 2004 Dec 15;170(12):1206

Mitchell JE, Campbell AP, New NE, Sadofsky Iastelik JA,
Mulrennan SA, et al. Expression and characterinaticthe intracellular
vanilloid receptor (TRPV1) in bronchi from patientgh chronic cough.
Exp Lung Res. 2005 Apr;31(3):295-306.

Dalton P, Hummel T. Chemosensory functionr@sgonse in idiopathic
environmental intolerance.
Occup Med. 2000 Jul-Sep;15(3):539-56.



124.

125.

126.

127.

128.

129.

130.

131.

132.

Desesa CR, Vaughan RP, Lanosa MJ, Fontaind@is JB. Sulfur-
containing malodorant vapors enhance responsiveo¢ls sensory
irritant capsaicin.

Toxicol Sci. 2008 Jul;104(1):198-209.

Andersson L, Nordin S, Millgvist E, Bende M @e relation between
capsaicin sensitivity and responsiveness to C@ggction sensitivity
and event-related brain potentials.

Int Arch Occup Environ Health. 2008 May 14.

Hillert L, Musabasic V, Berglund H, CiumasS&avic I. Odor processing
in multiple chemical sensitivity.
Hum Brain Mapp. 2007 Mar;28(3):172-82.

Hasler G, Gergen PJ, Kleinbaum DG, Ajdaci&G®mma A, Eich D, et al.
Asthma and panic in young adults: a 20-year prdsmecommunity
study.

Am J Respir Crit Care Med. 2005 Jun 1;171(11):1204-

Rimington LD, Davies DH, Lowe D, Pearson Mld&ionship between
anxiety, depression, and morbidity in adult astipagents.
Thorax. 2001 Apr;56(4):266-71.

Janson C, Bjornsson E, Hetta J, Boman G. Anzied depression in
relation to respiratory symptoms and asthma.
Am J Respir Crit Care Med. 1994 Apr;149(4 Pt 1):430

Caress SM, Steinemann AC. A national popuiattady of the
prevalence of multiple chemical sensitivity.
Arch Environ Health. 2004 Jun;59(6):300-5.

Andersson L, Johansson A, Millgvist E, Nor8irBende M. Prevalence
and risk factors for chemical sensitivity and sendtyperreactivity in
teenagers.

Int J Hyg Environ Health. 2008 Apr 8.

Ternesten-Hasseus E, Bende M, Millqvist Erdased capsaicin cough

sensitivity in patients with multiple chemical seivity.
J Occup Environ Med. 2002 Nov;44(11):1012-7.

45



