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Abstract

Current definition of asthma involves four cornerstones: inflammation, hyper-

responsiveness, bronchoconstriction, and symptoms. In research, the symptoms

have had the slightest attention. According to international guidelines, the

asthma symptoms are episodic breathlessness, wheeze, cough, tightness of the

chest, and shortness of breath. As there are several symptoms, a primary ques-

tion is how they are related to bronchoconstriction, the main clinical feature of

asthma. Symptoms and lung function tests are regularly used for the evaluation

of clinical health status and effect of treatment. However, there is no or poor

correlation between these two variables, which means that they represent differ-

ent mechanisms. Reduced lung function, such as a low FEV1, represents bron-

chial constriction, what do the symptoms represent? Some symptoms such as

breathlessness and shortness of breath seem not to be evidence-based asthma

symptoms. Focusing on bronchial obstruction is important in view of the poten-

tial risk of asthma attacks, but nonobstructive symptoms occur frequently and

may also cause severe discomfort and poor quality of life. Interpreting all symp-

toms as signs of bronchoconstriction (asthma) may lead to misinterpretation

when assessing health status and effect of treatment. Although a ‘soft’ variable,

the strength of symptoms is that they are representing various mechanisms. The

physiological preconditions for control and defense of respiration must be con-

sidered in the diagnostic process, regardless of inflammation, allergy, psychology,

or other etiological factors. Based on studies on dyspnea in cardiopulmonary dis-

eases, including asthma and asthma-like disorders, there seems to be a continu-

ous spectrum of symptoms and mechanisms integrated in a single asthma

syndrome.

The cornerstones in current definition of asthma are inflam-

mation, hyperresponsiveness, reversible airway obstruction,

and respiratory symptoms (1–4). During the past decades,

hospital care and mortality of asthma have decreased mark-

edly; however, new clinical problems have been reported.

One problem is the high percentage of uncontrolled or poorly

controlled asthma (5–10). As effective treatment is available,

these reports (5, 7, 11–17) have been frustrating for research-

ers and clinicians. Various causes have been discussed, lack

of access to asthma clinics, low drug adherence, undertreat-

ment, poor perception of asthma, phenotypes resistant to

current medication, remodeling of the airways, and so on (17

–25). Other asthma problems are the poor correlation

between symptoms and other asthma tests, the observations

that physician-diagnosed asthma sometimes cannot be veri-

fied and that different outcomes in asthma studies give differ-

ent results. Some of these problems may be explained by

incomplete or incorrect asthma diagnosis. If the diagnosis is

not ‘right’, the treatment will not be ‘right.’ Although it has

been pointed out that differential diagnoses and comorbidity

must be separated from asthma, the deeper aspects of this

topic have only marginally been discussed in the literature.

The need for critical discussion of diagnosis is underlined by

the high prevalence of asthma-like disorders. These disorders

may be confused with ‘classical’ asthma (26–28).

Aim

The aim is to discuss the diagnosis of adult asthma on the

basis of existing control and defense mechanisms in the respi-

ratory system, including not only bronchoconstriction but

also other mechanisms. A new theory is presented.
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Asthma symptoms

The medical history is the diagnostic base. However, the

occurrence of several different symptoms in asthma may

complicate the matter. In international guidelines, the listed

symptoms are episodic breathlessness, wheeze, cough, tight-

ness of the chest, and shortness of breath (1–4). A key ques-

tion is how these symptoms are related to bronchial

constriction, the cardinal clinical sign of asthma. The litera-

ture is unclear on this point. The first symptom mentioned in

GINA’s (Global Initiative for Asthma) chapter ‘Diagnosis

and Classification’, (1) episodic breathlessness, seems not to

be related to bronchoconstriction. By using factor analysis

on questionnaire data in an epidemiological study (29), four

different respiratory groups were identified: asthma, cough,

breathlessness, and urgent medical visit (a subset of asthma).

Breathlessness was not correlated with asthma (later estab-

lished). The breathlessness group had normal lung function

and normal airway responsiveness. In the same study, the

factor analysis also showed that the degree of shortness of

breath was similar in the asthma and the breathlessness

groups, indicating that even shortness of breath is not related

to bronchoconstriction. In a study comparing symptoms

between one group with well-defined asthma and one group

with asthma-like symptoms (no airway obstruction and no

bronchial hyperresponsiveness), it was found that most symp-

toms were similar in the two groups (30). Of 14 lower air-

way/chest symptoms, only five were significantly different:

‘difficulty in getting air’, ‘difficulty in taking deep breaths’,

‘wheezing’, ‘hissing’, and ‘feeling of sore throat’. Wheezing

and hissing were significantly more common in the asthma

group; the others were significantly more common in the

asthma-like group. The tested symptoms were obtained from

repeated qualitative surveys on patients admitted to an

asthma-allergy clinic. Epidemiological studies have also

shown that there is no quite typical symptom of asthma, but

wheeze or the combination of wheeze and other symptoms

seems to be the best available choice (29–32).

Dyspnea

Instead of symptoms, the term dyspnea (Greek for difficult

breathing) is usually used in pulmonary, cardiovascular, neu-

romuscular, and other diseases with symptoms related to the

respiration. The respiratory center receives projections from a

variety of receptors: central and peripheral chemoreceptors,

receptors in the airways, chest joints, tendons, and respira-

tory muscles that affect ventilation and may cause dyspnea.

The current theory of dyspnea is that it arises as a result of a

mismatch between incoming signals from the receptors and

outgoing signals from the respiratory center to the respira-

tory muscles (motor command) (33–35). When propagated to

the sensory area of the cortex, the mismatch is felt as dysp-

nea of varying type and degree. The qualitatively different

types/sensations may be caused by different pathophysiologi-

cal mechanisms (34–37).
Normal volunteers can distinguish sensations induced by

breath holding, carbon dioxide inhalation, physical exercise,

and resistive respiratory loads (37–39). These sensations are

caused by the activation of respiratory receptors. The best-

described dyspneic sensations are effort/work, tightness of

the chest, and air hunger (35). A bronchoconstriction induced

by, for example, inhaled histamine and methacholine may be

felt as an increased effort/work (35, 40). Effort/work may

also be triggered if the respiratory muscles are weakened or

if they are strained, for example, when lung volumes are

increased because of hyperinflation (34, 41–43).
Several dyspneic sensations associated with bronchocon-

striction have been described. When effort/work was induced

by inhaled histamine and compared with an external resis-

tance at a comparable magnitude, the histamine-induced

dyspnea was greater (40). Inhaled lidocaine reduced the hista-

mine-induced sensation, but had no effect on the effort

caused by the external resistive load. Thus, histamine seems

to have an effect besides the pure bronchoconstricting effect.

Effort/work is probably associated with severe obstruction

and the following dynamic hyperinflation (37, 43). In a study

with inhaled methacholine, asthmatic patients reported dysp-

nea. When the effort to breathe was removed by mechanical

ventilation, however, dyspnea remained and was expressed as

tightness of the chest, indicating that tightness is not arising

from the work of breathing but from airway receptors (44).

Thus, stimulation of pulmonary sensory receptors, presum-

ably vagal rapid-adapting receptors, could be the source of

chest tightness that is experienced by many asthmatic

patients. A simultaneous bronchial obstruction, however, is

not necessary, as vagal afferents may be activated even when

there is little or no airflow obstruction (45–47). During bron-

choconstriction induced by inhaled methacholine in 232

patients referred to a pulmonary function laboratory, several

expressions of dyspnea were observed (48). The authors

explored the extent to which these symptoms were discrimi-

nated, finding that chest tightness, chest pain, wheeze, air

hunger/breathlessness/inability to get air, and labored/

obstructed breathing were well-separated clusters of symp-

toms, indicating corresponding, separated mechanisms.

Different stimuli may have different effects on the pulmonary

receptors. Prostaglandin E2, a mediator that increases sensory

nerve excitability, exacerbates the dyspnea associated with exer-

cise, despite the fact that it is a bronchodilator (49). Histamine

inhalation leads to a more profound dyspnea than methacho-

line, despite a similar degree of bronchoconstriction (50, 51).

Air hunger/difficulty in getting air can be induced by the

central and peripheral chemoreceptors in the presence of

hypercapnia and hypoxia. The sense of air hunger appears to

arise from an increased brain stem ‘drive’ to breathe (35, 36,

52, 53). Even patients with normal lung function and without

signs of hypercapnia and hypoxia may suffer from air hunger

(51, 54–57). Thus, activation of airway sensory nerves may

lead to dyspnea, which need not necessarily be dependent on

bronchial constriction (51).

Asthma-like disorders

Asthma-like, nonobstructive disorders have previously mainly

been described as hyperventilation syndrome. However,
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although hyperventilation of short duration has been clearly

documented (58–62), the existence of a chronic hyperventila-

tion state has been disputed as there is a lack of data on

long-term disturbances of the blood gases (63, 64). Other

asthma-like disorders described are nonasthmatic eosinophilic

bronchitis (65, 66), functional breathing disorder (55), dys-

functional breathing (26, 67–70), multiple chemical sensitivity

localized to the lower airways (71, 72), and sensory hyperre-

activity (56, 73–77). The latter disorder is prevalent in

patients hypersensitive to scents, and identified by a capsaicin

inhalation cough test. Besides cough, other nonobstructive

dyspneic reactions, such as heavy breathing and difficult in

getting air, may be induced by capsaicin. The prevalence in

the general population has been estimated to about 6% (28),

which could be compared with a prevalence of about 8% in

patients with physician-diagnosed asthma in the same coun-

try (78). Another asthma-like disorder reported in patients

having an asthma diagnosis is dysfunctional breathing. It is

reported to be common, 35% in asthmatic females and 20%

in asthmatic males, mean 29% (26, 69, 70). The condition

has been identified using the Nijmegen questionnaire, histori-

cally used for diagnosing hyperventilation syndrome (26, 69).

The questionnaire includes 16 items. Symptoms directly

related to asthma and asthma-like disorders are the follow-

ing: fast or deep breathing, shortness of breathes, tight feel-

ing in the chest, and cannot breath deeply/cannot sigh. The

question is whether dysfunctional breathing is a disorder

linked to asthma or whether it is an independent (psychologi-

cal) state (70). As the condition is found in every third

patient, it might be closely related to the primary disease. A

discussion of inducing factors, however, is beyond the scope

of this presentation. Asthma-like disorders have been

observed in 42% of patients attending a hospital asthma

clinic (79) and in 30% of patients referred to an asthma-

allergy clinic for the investigation of suspected asthma

(unpublished data).

The asthma syndrome

Several studies have shown that dyspneic sensations represent

different respiratory mechanisms. Focusing on bronchial

obstruction is important because of the potential risk of

severe asthma attacks; however, other nonobstructive symp-

toms are frequent (28) and may also cause severe suffering

and poor quality of life (60, 80, 81). Interpreting all symp-

toms as obstruction may lead to misinterpretations. The lack

of a broader diagnostic approach may explain some of the

current problems in the asthma area. For example, some

uncontrolled asthma and ‘difficult-to-treat asthma’ may be

explained by the fact that the patients do not have symp-

toms/mechanisms that are able to respond to the given treat-

ment. Analyzing the causes of ‘problematic’ asthma’,

‘uncontrolled asthma’, ‘difficult-to-treat asthma’, and ‘severe

refractory asthma’ (82) is important, but of primary concern

is the exploration of the mechanisms behind common symp-

toms like breathlessness, shortness of breath, tightness of the

chest, difficult in getting air, air hunger, heavy breathing, and

others.

A theory that is strongly supported is that symptoms/sen-

sations with underlying mechanisms form a spectrum of reac-

tions depending on which receptors in the respiratory system

are activated. Thus, different mechanisms may be integrated

in one single asthma syndrome (Fig. 1). If this theory turns

out to be correct, it will have crucial implications for the

diagnostic process. To establish a reliable diagnosis, it may

not be enough to assess bronchial obstruction (lung function,

hyperresponsiveness, etc.). For a complete diagnosis, the

whole symptom picture must be analyzed. This requires a

new symptom questionnaire, as the list of symptoms

described in GINA and other consensus reports is incomplete

and not evidence-based. A new list is in progress (own data).

Substantially increased research is needed to evaluate which

symptoms reflect bronchial constriction and which reflect

other mechanisms. The most likely obstructive symptoms are

wheezing, tightness of the chest, and cough. Other symptoms

such as breathlessness, shortness of breath, heavy breathing,

difficult in getting air, air hunger, and difficult in taking deep

breaths probably reflect nonobstructive dyspnea. Symptoms

are ‘soft’ variables that primarily have to be measured by

subjective scales. However, as the underlying mechanisms

become known, it will be possible to develop objective tests.

This has long been the case with bronchial constriction (lung

function tests) and hyperresponsiveness (methacholine test,

mannitol test, etc.). Other examples of developed objective

tests are the voluntary hyperventilation test for diagnosing

hyperventilation syndrome (58–60) and the capsaicin

inhalation test for diagnosing sensory airway hyperreactivity

(56, 83).
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Figure 1 The asthma syndrome. A possible distribution of symp-

toms in relation to bronchoconstriction (asthma) and non-constric-

tion (asthma-like disorder) illustrated by a gliding color scale.
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