
Is there agreement on the pathogenesis /
pathophysiology of exercise induced asthma?

Item Type Thesis or dissertation

Authors Caulfield, Una

Publisher University of Chester

Download date 22/05/2023 09:42:01

Link to Item http://hdl.handle.net/10034/116575

https://chesterrep.openrepository.com/cdr
http://hdl.handle.net/10034/116575


 

 

“Is there agreement on the 

pathogenesis / pathophysiology  

of  

Exercise Induced Asthma?” 

 
 
 
 



2 

Abstract 

 

Purpose: 

Exercise Induced Asthma was formally proposed as a concept to the medical 

profession in 1966. However up to 1990 two different hypotheses were being put 

forward to explain the mechanism involved.  

Methods: 

A literature search of Pubmed, Google Scholar, Ovid and The Cochrane Library was 

conducted in May 2009 using a combination of controlled vocabulary and truncated 

text words to capture relevant articles. 

All relevant randomised controlled trials, case control studies and case series were 

included in the review.  

Results: 

The initial search identified 2361citations. Following the removal of duplicates and 

the application of selection criteria, a total of 36 articles were included in this review.  

Two scales were used to assess the data the Jadad Scale and The Scottish 

Intercollegiate Guidelines Network Grading Review Group guidelines known as SIGN 

Criteria.  

Discussion: 

Within the studies reviewed a particular issue encountered was the definition of EIA 

itself. Thirteen of the studies gave no definition, ten used FEV1≥10%, seven used 

FEV1≥15%, four used FEV1≥20% with the remaining two studies using FEV1≥12% 

and FEV1≥7%. Accordingly pooling of the data for analysis was only possible under 

the broader headings of the two original hypothesis and two new categories 

Inflammatory Causative Factors and Emerging Science.  
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Studies into Inflammatory Causative Factors had by far the highest number of studies 

(15) and participants – with 497 in total. The participants in the McFadden and 

Emerging Science studies were almost equal at about 180 participants each. While a 

total of only 63 subjects participated in the Anderson hypothesis studies 

While the current balance of evidence clearly suggests a more probable relationship 

with inflammation for asthmatics with EIA. Clearly further work is required to explore 

the pathogenesis of EIA in non asthmatics. 

Conclusions: 

While a number of possible mechanisms involved in the pathogenesis of EIA were 

evaluated it would still appear that the studies reviewed do not allow any firm 

conclusions to be drawn. However the evidence appears to be currently weighted in 

favour of inflammatory causative factors as the basis for EIA.  

. 

Key Indexing Terms: asthma, exercise-induced asthma, EIA, exercise-induced 

bronchoconstriction, EIB, bronchial responsiveness, FEV1.  
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Introduction 
 

Two major hypotheses have been put forward to explain the mechanism of exercise 

induced asthma (EIA). The Anderson hypothesis, put forward in 1984, is that 

evaporative water loss causes a transient increase in osmolarity of the airway 

surface liquid. The increase in osmolarity is thought to stimulate the release of 

mediators that cause the airways to narrow, most likely by the contraction of 

bronchial smooth muscle (Anderson, 1984). 

 

The second hypothesis is the McFadden Hypothesis that was put forward in 1990. It 

suggests that exercise induced asthma is a mechanical event in which the airways 

are rapidly re-warmed by reactive hyperaemia of the bronchial circulation with 

subsequent oedema of the airway wall. This is thought to occur as a result of 

vasoconstriction in response to airway cooling during hyperpnoea (McFadden, 1990).  

 

Almost 20 years have passed since the second hypothesis was published. The 

object of this literature review is to look at the relevant data published since 1990 and 

evaluate it using the following question –  

  

“Is there agreement on the pathogenesis / pathophysiology of Exercise Induced 

Asthma?” 
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Background to Asthma & EIA 
 

Asthma is a well known medical condition which has been increasing in incidence 

over the last few decades such that it is now about five times higher than it was 25 

years ago (Masoli, Fabian, Holt & Beasley, 2004 ). This prevalence survey was 

undertaken by Masoli et al., on behalf of the Global Initiative for Asthma (GINA). 

Circa 20,000 first or new episodes of asthma present each week to general 

practitioners in the United Kingdom (UK) and Republic of Ireland (ROI) region. 

 

The UK and ROI are amongst the highest with regard to prevalence rates of asthma 

in the world with certain ethnic minority groups and low socioeconomic groups 

disproportionately affected (Figure 1). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. World Prevalence of clinical Asthma. (Masoli, Fabian, Holt & Beasley, 2004). 
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Approximately 10.1 million people out of a total population 63.3 million for the UK and 

ROI suffer with asthma giving a mean prevalence of clinical asthma of 16.1%. Data 

from North America shows the mean prevalence to be less than this at 11.2%. 

(GINA, 2004). 

 

A Cochrane review (Ram, Robinson & Black, 2005) of physical training for 

asthmatics stated that in relation to ‘Implications for practice’ there is no reason why 

patients with asthma are not able to participate in regular physical activities. However 

when training asthmatic subjects, it would be appropriate to give them guidance 

about the prevention and treatment of exercise-induced asthma’.  

 

Exercise has particular issues for asthmatics’ where it is known to bring on an attack 

in up to 90% of sufferers (Hendrickson, Lynch & Gleeson, 1994). In the UK and ROI 

alone that would mean over 9 million people. However it should also be noted that 

Exercise Induced Asthma (EIA) is not simply a condition that affects asthmatics. 

Between 3% to 10% (1.6 to 5.5 million) of the general UK and ROI population, 

excluding asthmatics, are also affected.  

 

In growing children and young adults uncontrolled EIA symptoms can lead to 

avoidance of physical activity and sports unnecessarily, which can in turn lead to a 

lifelong avoidance of the benefits of exercise for prevention of cardiovascular disease 

and other health related benefits. 

 

EIA can often be overlooked by parents, teachers, coaches, and general 

practitioners. The importance of early diagnosis for adequate intervention so that 
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performance and participation are not limited should not be underestimated in both 

health and economic terms. 

 

 

Exercise Induced Asthma 

While the earliest association of exercise and asthma appears to be in the second 

century AD by a Greek physician Aretaeus the Cappadocian when he wrote “ If from 

running, gymnastics exercises, or any other work the breathing becomes difficult, it is 

called Asthma. Aretaeus also stated that the cause was a ‘coldness and humidity of 

the spirit’ and that for asthmatics ‘there was a postponement of death to those in 

whom the lungs are warmed and heated in the exercise of their trade’ (Adams, 1856, 

p 316).  

 

EIA was defined by Weiler (1966) as “an intermittent narrowing of the airways, 

accompanied by a decrease in some measure of airflow that the individual 

experiences as wheezing, chest tightness, coughing, and/or dyspnea that is triggered 

by exercise” and it was formally proposed as a concept to the medical profession in 

1966 by McNeill, Nairn, Millar and Ingram. While the term EIA is often used 

interchangeably with exercise induced bronchoconstriction (EIB) for the purposes of 

this review it will be referred to as EIA in all cases.  

 

Symptoms of EIA vary from person to person and may resemble those of allergic 

asthma, or they may be much vaguer and go unrecognized, resulting in probable 

under reporting of the condition.  EIA is typically provoked by 6 to 15 minutes 

continuous exercise of at least 80% to 90% predicted maximum workload (Bar-

Yishay & Godfrey, 1984). Maximum bronchoconstriction occurs 5 to 15 minutes after 
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exercise terminates and usually subsides spontaneously within 20 to 60 minutes after 

onset (Virant, 1992).  

 

The most common EIA symptoms are (Rundell, Wilber & Lemanske, 2002): 

• Chest tightness or pain 

• Shortness of breath 

• Wheezing 

• Coughing 

• Extreme fatigue 

• Gastrointestinal discomfort 

• Sore throat 

 

EIA occurs in 70% to 80% of people with asthma (Anderson, Schoeffel, Black &  

Daviskas, 1985), 35 to 40% of people with allergic rhinitis (Bousquet, van 

Cauwenberge and Khaltaev, 2001) and an estimated 12% to 15% of the general 

population (Spector, 1993).  

 

 

Athletic Populations at Risk 

Several studies conducted among athletes indicate that 3% to 14% suffer from EIA 

(Mehta, Magder & Levy, 1997). Exactly why exercise is such a potent trigger of 

airway narrowing has been the subject of many studies. The type, intensity, 

endurance, and environmental conditions of the activity play a large role in the 

prevalence of EIA. In general, continuous high intensity endurance activities that are 

associated with high-minute ventilation (heavy, frequent breathing) have a higher 
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prevalence of EIA. Conditions such as cold, dry air and high allergen/pollutant counts 

also contribute to an increase in EIA.  

 

While EIA can occur in any setting it is especially prevalent in endurance events such 

as cross-country skiing, swimming, and long-distance running with increased 

prevalence in winter sports athletes.  Some studies have demonstrated rates as high 

as 35% or even 50% in competitive figure skaters, ice hockey players, and cross-

country skiers (Lumme et al., 2003: Butcher, Dickinson, Whyte, McConnell & Harries, 

2006).  

 

Athletes who participate in environments in which there may be particular 

environmental pollutants are also at increased risk for the development of EIA 

(Gilmour, Jaakkola, London, Nel & Rogers, 2006). Chlorine compounds in swimming 

pools and chemicals related to ice-resurfacing machinery in ice rinks may increase 

the risk of EIA for certain athletic populations (Rundell, Spiering, Evans & Baumann, 

2004).  

 

Some evidence exists to show that under strictly controlled laboratory conditions 

exercise of equal intensity and duration provokes EIA whatever the nature of the 

exercise (Kallings, Emtner & Bäcklund, 1999). However under everyday conditions 

different types of exercise have different effects on individuals (Table 1). The 

respiratory demands of a start-stop sport such as weightlifting may not cause any 

problems while the consistent respiratory demands of running a 1500m race may be 

extremely difficult if not impossible for an individual with untreated EIA (Parsons & 

Mastronarde, 2005) 
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Table 1. Examples of High-Ventilation and Low-Ventilation Sports (Parsons & Mastronarde, 2005) 

High-Ventilation Sports                               Low-Ventilation Sports 

Track Golf 

Cross-country                                              Baseball 

Soccer     Bowling 

Ice Hockey                                                  Diving 

Field Hockey                                               Weightlifting 

Swimming Volleyball 

Cross-country Skiing                                   American Football 

 

Several factors influence the severity of EIA: concomitant asthma therapy, intensity 

and duration of activity, environmental conditions, degree of underlying bronchial 

hyperreactivity, level of physical conditioning, and the time interval since previous 

exercise (Rupp 1996). Episodes can be severe enough to require rescue medication, 

even emergency treatment, and therefore are a concern not only to those who suffer 

from it, but also to all those who supervise, train or are involved in physical activities 

or the provision of exercise amenities. Considerable expenditures result from the 

treatment of EIA mainly from health service utilisation and pharmaco-therapy (GINA, 

2004). The benefits of successful management can be remarkable at all ages and 

levels of activity as athletes with EIA that competed at the 1984 Olympics won 41 

medals (Pierson, Covert, Koenig, Namekata & Kim, 1986). 
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Diagnosing EIA 

The diagnosis of EIA is usually based on a detailed history of symptoms. A careful 

physical examination should also be performed, although in most cases it will be 

normal due to the episodic nature of EIA (Rundell, Wilber & Lemanske, 2002). The 

examination is important, however, to rule out other possible differential diagnosis as 

discussed below.  

 

One of the most common medical tests used to assist in the diagnosis of asthma is 

the methacholine challenge test. The patient breathes in nebulized methacholine 

which provokes narrowing of the airways and is detected when the patient performs 

lung function tests. People with asthma react to lower doses of inhaled methacholine. 

However EIA cannot be excluded by a negative response to a methacholine test and 

is therefore not used in the diagnosis (ATS, 1999).  

 

Exercise is therefore generally used as a challenge test to make a diagnosis of EIA in 

both asthmatic and non asthmatic patients with a history of breathlessness during or 

after exertion.  

 

 

Types of diagnostic exercise challenges.  

Silverman, Anderson and Walker (1972) studied both bicycle ergometer and treadmill 

exercise on asthmatic subjects. In all patients bronchoconstriction was greater after 

the treadmill exercise. The authors suggested that neuromuscular effects alone or in 

combination with other variables may be responsible for the treadmill effect. Strauss, 

Ingram and McFadden(1977) supported these findings. However the findings may 

have been due to the more rapid increase in ventilation in response to treadmill 
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running. Providing the work rate can raise the ventilation to the target rate within 4 

minutes, the American Thoracic Society (ATS) in their 1999 recommendations state 

that cycling exercise can be used effectively. Free range running has also been 

proposed as being useful for screening populations for EIA (Helenius, Tikkanen & 

Haahtela, 1998) although safety measures are difficult to provide in this testing 

mode. 

 

Following the exercise challenge the degree of effect needs to be measured and the 

most objective measure of EIA is a pulmonary function test, such as an FEV1 

measurement. This stands for “Forced Expiratory Volume in the first second,” and is 

preceded with an appropriate exercise challenge. The criterion for a positive 

response is controversial. A fall of 20% or more in FEV1 is considered abnormal; a 

fall of 15% appears to be more diagnostic of EIA. However a fall in FEV1 of 10% 

seems to be a reasonable criterion as healthy subjects generally demonstrate an 

increase in FEV1 after exercise (ATS,1999).  

 

Work load during the exercise test is also considered to be important in the diagnosis 

of EIA. Carlsen, Engh and Mørk (2000) studied asthmatic children between the ages 

of 9 and 17 years. 40% of subjects had a positive EIA rating after an 85% exercise 

load and 100% of subjects had a positive EIA rating after a 95% exercise load. They 

concluded that exercise load is essential for the interpretation of EIA, and strict 

standardization of exercise tests should be undertaken. Unfortunately this study 

came one year after the ATS published its guidelines on exercise testing which 

recommended only 80% to 90% work load, thus studies using ATS recommendations 

may be significantly underestimating the true level of EIA.  
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In 1985 the diagnosis of EIA by exercise testing was reported in 70%–80% of the 

asthmatic patients (Lee & Anderson, 1985). However, this began to change 

dramatically with the widespread use of anti-inflammatories in the treatment of 

asthma with inhaled corticosteroids. The symptoms of EIA are rapidly and markedly 

influenced by inhaled corticosteroids (Waalkens, van Essen-Zandvliet, Gerritsen, 

Duiverman, & Knol, 1993) reducing the detection rate to 50%. This puts increased 

demand on the standardization of exercise test with respect to exercise load and 

environmental factors. 

 

Good reproducibility of testing for EIA has been demonstrated when the most recent 

ATS guidelines (1999) have been implemented with:  

a) Controlled  environmental conditions, and  

b) Recommend EIA  testing inhaled air with a relative humidity below 50% and 

an ambient temperature of 20–25oC, while  

c) Running on a treadmill for 6–8 min.  

 

More recently it was demonstrated that EIA is heavily influenced by the humidity and 

temperature of the inhaled air (Amirav, Dowdeswell & Plit, 1986) and that the use of 

inhaled cold air (–20oC) during exercise testing markedly increased the sensitivity in 

diagnosing EIA without decreasing specificity in asthmatic children (Carlsen, Engh, 

Mørk & Schrøder, 1998).  

 

Thus, strict environmental standardization with a high enough exercise load is 

important in the testing for EIA and using EIA as a monitoring device for asthma. 

Both the European Respiratory Society and the ATS recommendations set a 10% 

reduction in FEV1 as criterion for EIA (Carlsen et al., 2008). In addition, eucapnic 
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voluntary hyperventilation (EVH) has been recommended and used successfully in a 

wide range of summer and winter athletes and has been found by some to have a 

higher sensitivity than exercise by itself (Mannix, Manfredi & Farber, 1999).  

 

 

Eucapnic Voluntary Hyperventilation 

This test can be used to identify and study patients with EIA without the requirement 

for an exercise challenge or the need for elaborate gas conditioning and monitoring 

equipment (Phillips, Jaeger, Laube & Rosenthal, 1985). A eucapnic voluntary 

screening challenge protocol requires subjects to breathe a compressed gas mixture 

at a predetermined rate for six minutes. Gas flows from a cylinder through a 

calibrated rotameter and high pressure tubing to a reservoir bag. From the reservoir 

bag, the gas is directed to the subject through a breathing tube, two way breathing 

valve and mouthpiece. Expired gas is measured as it passes through a flow sensor 

(Rundell, Spiering, Baumann & Evans, 2005). 

 

 

Differential diagnosis of EIA 

There are several important differential diagnoses to EIA in an athlete. Studies have 

demonstrated that most of the elite athletes referred for respiratory problems do not 

suffer from asthma or EIA (Stensrud & Carlsen, 2004).  

 

A listing of several differential diagnoses is presented in Table 2 below.  One 

frequent differential diagnosis is exercise-induced inspiratory stridor (McFadden & 

Zawadski, 1996). The symptoms are inspiratory stridor occurring during maximum 

exercise, and stopping when the exercise is terminated unless hyperventilation is 
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maintained. There are audible inspiratory sounds however bronchodilators or other 

asthma medication are not of help. The condition most often occurs in young well 

trained athletic girls from approximately 15 years of age.  

 

Another possible differential diagnosis often called exercise induced vocal cord 

syndrome (VCD), classically a vocal cord paradox where the vocal cords adduct 

rather than abduct, causing an alarming wheeze (Burke, 2009). 

  

Swimming-induced pulmonary oedema (SIPE) can occur in well-trained swimmers 

after a heavy swimming session with  typical symptoms of pulmonary oedema and a 

restrictive pattern in pulmonary function seen which can often remain for up to 1 

week after the swimming incident (Adir et al., 2004). 

 

Poor physical fitness or overtraining may represent possible differential diagnoses to 

EIA. This is especially so when the physical fitness and exercise performance are not 

up to the expectations of the athletes or possible parents or trainers. Lack of success 

in sports may often be explained by minor respiratory complaints which may be 

mistaken for asthma (Carlsen et al., 2008). 

 

Finally, reports have been made concerning confusion between EIA and exercise 

induced arterial hypoxemia (Powers & Williams, 1987). This occurs especially in 

highly trained athletes and is thought to be primarily because of diffusion limitations 

and ventilation-perfusion inequality. It is postulated that incomplete diffusion in the 

healthy lung may be because of a rapid red blood cell transit time through the 

pulmonary capillary. Physical training improves muscle strength and endurance, with 

increased capacities of the cardiovascular system. No such effects occur in the 
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respiratory tract. Ventilatory requirement rises with no alteration in the capability of 

the airways and the lungs produce higher flow rates or higher tidal volumes with little 

or no change in the pressure-generating capability of inspiratory muscles (Dempsey, 

Johnson & Saupe, 1990).  

 

Thus, several differential diagnoses to EIA exist but whatever the cause for the 

respiratory difficulties, it is important a thorough examination is made to rule out 

possible differential diagnoses. 

 

Table 2. Differential diagnosis of exercise-induced asthma in sports (Carlsen et al, 2008). 
  

 
Condition 

 
Characteristics 

Exercise-induced 
asthma (EIA) 

Symptoms occurring shortly after (sometimes during) physical 
exercise. If observed: expiratory dyspnoea, expiratory rhonchi and 
other signs of bronchial obstruction. Gradual improvement either 
spontaneously or after inhaled bronchodilator. Reduction in forced 
expiratory volume in 1 s by at least 10% after exercise 

Vocal cord 
dysfunction 
(exercise-induced 
inspiratory stridor) 
 

Symptoms occur during maximum exertion. 
Symptoms disappear after stopping exercise (unless hyperventilating). 
If observed: inspiratory stridor, audible inspiratory sounds from 
laryngeal area. No signs of bronchial obstruction. No effect of 
pretreatment with inhaled bronchodilator. 
Flattened part of inspiratory flow volume loop during stridor 

Swimming-induced 
pulmonary oedema 
(SIPE) 

Shortness of breath and cough during or immediately after swimming 
associated with evidence of pulmonary oedema. Symptoms and signs: 
shortness of breath, cough, sputum production, haemoptysis, reduced 
oxygen saturation (SpO2) after 
swimming, restrictive spirometric pattern persisting for up to 1 week 

Other chronic lung 
disorders 

When accompanied by reduced lung function: limitations to exercise 
occurring during exercise with often reduction in SpO2 

Other general 
diseases – heart 
disorders 

Related to underlying disorder 

Poor physical fitness Related to expectations and training level; high heart rate after low-
grade exercise load; muscular stiffness 

Exercise-induced 
arterial hypoxemia 

Occurs in well-trained athletes with high VO2 max; primarily because 
of diffusion limitations and ventilation–perfusion inequality. Incomplete 
diffusion in the healthy lung may be the result of rapid red blood cell 
transit time through the pulmonary capillary 
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Methods 
 

Criteria for considering studies for this review  

Types of studies  

All relevant randomised controlled trials, case control studies and case series were 

included in the review.  

 

Types of participants - Patient characteristics 

Only human studies of both children and adults with or without asthma and/or EIA 

were included in the review.  

 

Exclusion criteria  

The studies included in this review examined specific elements relating to the 

pathogenesis and pathophysiology of EIA. Many studies were found to be 

investigating airway responses to exercise for a number of different reasons but 

where they did not include any attempt to investigate the pathogenesis of EIA they 

were excluded from the review.  

 

Numerous trials also exist which concentrate on pharmacological products to treat or 

prevent the symptoms of EIA and those which sought purely to treat rather than 

investigate the existence of a particular aspect of EIA were not considered to be 

relevant to the pathogenesis/pathophysiology of EIA and were therefore excluded. 

 

While a control group was preferred, the lack of same was not one of the exclusion 

criteria. Non English language studies were excluded. 
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Types of interventions  

Any type of exercise challenge or equivalent respiratory challenge such as Eucapnic 

Voluntary Hyperventilation (EVH)/Isocapnic Voluntary Hyperventilation (ICH). ICH 

being used interchangeably with EVH.  

 

Main comparisons  

The studies were examined under the following headings: 

1. The type of challenge.  

2. The workload within the challenge.  

3. The definition of EIA.  

4. The type of subjects.  

 

Types of outcome measures  

Primary outcome 

To see if there was agreement within the data reviewed on which of the original 

hypothese was correct in relation to the pathogenesis of EIA. 

 

Secondary outcome  

To review data for any new findings or hypotheses in relation to the pathogenesis of 

EIA. 

It was planned to divide studies into 4 groups: 

1. Those supporting the Anderson hypothesis  

2. Those supporting the McFadden hypothesis 

3. Proposed Inflammatory Hypothesis 

4. Emerging Science  
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The studies are being evaluated in order to assess whether or not the new data is 

substantially weighted in relation to the pathogenesis of EIA.  

 

Search methods for identification of studies  

Electronic searches  

A search of the following data bases was undertaken 16/05/2009: 

1. Pubmed 

2. Google Scholar 

3. Sportsdiscus 

4. Ovid 

5. The Cochrane Library 

 

Search words used were:  

1. asthma  

2. exercise-induced asthma 

3. EIA 

4. exercise-induced bronchoconstriction 

5. EIB 

6. bronchial responsiveness 

7. FEV1  

 

Cited reference searches  

References cited in all included studies were examined in order to identify any 

missing papers.  
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Data collection and analysis  

Selection of trials  

The initial search resulted in 2361 references. When duplications were eliminated 

this was reduced to 818 references. All abstracts were read for relevance which 

further reduced this number to 164. A further examination for particular relevance to 

pathogenesis and pathophysiology reduced this to 51 studies all of which form the 

basis for this review. Full papers were ordered and reassessed for inclusion and 

methodological quality. A further 15 studies were eliminated at this stage due to 

publication prior to original hypothesis, articles as opposed to studies and again 

relevance to pathogenesis and pathophysiology (Figure 2). 

 

 

Figure 2: Trial Selection Flow Chart 
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Data extraction and management  

Relevant data concerning trial design, patient characteristics, comparisons and 

outcomes was extracted and compiled into table format (Appendix 2). 

Dealing with missing data  

Included studies with missing data and failure to use intention to treat analysis are 

identified within the table.  

 

Assessment of quality of included studies  

Two scales were used to assess the data. Firstly, the Jadad method of assessment - 

an instrument used to assess study protocols, identify scientifically sound reports, 

and monitor the likelihood of bias in randomised controlled trial research reports 

(Jadad et al., 1996).  

 

As the studies to be reviewed were not all randomised controlled trials it was decided 

to use a second set of criteria which would take the different levels of studies into 

account. The Scottish Intercollegiate Guidelines Network Grading Review Group 

developed guidelines known as SIGN Criteria which facilitate the grading of both 

randomised, non randomised trials, case control studies and case series (Harbour & 

Miller, 2001).   

 

JADAD SCALE 

A Jadad score is calculated using the seven items in the table below. The first five 

items are indications of good quality, and each counts as one point towards an 

overall quality score. Either a score of 1 point for each “yes” or 0 points for each “no” 

is given. There are no in-between marks. 
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The final two items indicate poor quality, and a point is subtracted for each if the 

criteria are met. The range of possible scores is 0 to 5. 

Jadad Score Calculation 

Item Score

Was the study described as randomized (this includes words such as 

randomly, random, and randomization)? 

0/1 

Was the method used to generate the sequence of randomization described 

and appropriate (table of random numbers, computer-generated, etc)? 

0/1 

Was the study described as double blind? 0/1 

Was the method of double blinding described and appropriate (identical 

placebo, active placebo, dummy, etc)? 

0/1 

Was there a description of withdrawals and dropouts? 0/1 

Deduct one point if the method used to generate the sequence of 

randomization was described and it was inappropriate (patients were allocated 

alternately, or according to date of birth, hospital number, etc). 

0/-1

Deduct one point if the study was described as double blind but the method of 

blinding was inappropriate (e.g., comparison of tablet vs. injection with no 

double dummy). 

0/-1

Total Score  

 

The following Guidelines for Assessment are given: 

1. Randomization 

A method to generate the sequence of randomization will be regarded as 

appropriate if it allowed each study participant to have the same chance of 

receiving each intervention and the investigators could not predict which 

treatment was next. Methods of allocation using date of birth, date of 

admission, hospital numbers, or alternation should be not regarded as 

appropriate. 
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2. Double blinding 

A study must be regarded as double blind if the word “double blind” is used. 

The method will be regarded as appropriate if it is stated that neither the 

person doing the assessments nor the study participant could identify the 

intervention being assessed, or if in the absence of such a statement the use 

of active placebos, identical placebos, or dummies is mentioned. 

3. Withdrawals and dropouts 

Participants who were included in the study but did not complete the 

observation period or who were not included in the analysis must be 

described. The number and the reasons for withdrawal in each group must be 

stated. If there were no withdrawals, it should be stated in the article. If there is 

no statement on withdrawals, this item must be given no points. 
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SIGN Criteria 

SIGN Criteria for levels of evidence and grades of recommendation are listed in 

Table 3 below. 

Table 3: SIGN Criteria and grades of recommendation (Harbour & Miller, 2001) 

Levels of evidence 

1 + +  High-quality meta-analyses, systematic reviews of RCT or RCT with a very 

low risk of bias 

1 +  Well-conducted meta-analyses, systematic reviews of RCT or RCT with a 

low risk of bias 

1–  Meta analyses, systematic reviews or RCT, or RCT with a high risk of bias 

2 + +  High-quality systematic reviews of case-control or cohort studies or high 

quality case-control or cohort studies with a very low risk of confounding bias 

or chance and a high probability that the relationship is causal 

2 +  Well-conducted case-control or cohort studies with a low risk of confounding, 

bias or chance and a moderate probability that the relationship is causal 

2–  Case-control or cohort studies with a high risk of confounding, bias or chance 

and a significant risk that the relationship is not causal 

3  Non-analytic studies, e.g. case reports, case series 

4  Expert opinion 

 

For the purpose of demonstrating the qualities of each of these methods two study 

which have formed part of this review are assessed below under each method.  

 

Sample Study 1 

Hsieh, C.C., Goto, H., Kobayashi, H., Chow, W.C., Peng, W.H., Tang, R.B. (2007). 

Changes in serum eosinophil cationic protein levels after exercise challenge in 

asthmatic children.. The Journal of Asthma. 44(7):569-573. 
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Jadad Assessment 

 

Jadad Score Calculation 
Item: Hsieh et al (2007) Score
Was the study described as randomized (this includes words such as 
randomly, random, and randomization)? 
The authors state that - “The aim of the present study was to assess the 
relationship between serum eosinophil cationic protein levels and the severity 
of exercise-induced bronchoconstriction in asthmatic children”.  There is no 
mention of randomisation anywhere in the paper 

0 

Was the method used to generate the sequence of randomization 
described and appropriate (table of random numbers, computer-
generated, etc)? 
The 48 asthmatic children were divided into exercise-induced 
bronchoconstriction group and non-exercise induced bronchoconstriction 
group with no randomization mentioned 

0 

Was the study described as double blind? 
The study was not described as double blind 

0 

Was the method of double blinding described and appropriate (identical 
placebo, active placebo, dummy, etc)? 
Not applicable  

0 

Was there a description of withdrawals and dropouts? 
Not applicable 

0 

Deduct one point if the method used to generate the sequence of 
randomization was described and it was inappropriate (patients were 
allocated alternately, or according to date of birth, hospital number, etc). 
Not applicable 

0 

Deduct one point if the study was described as double blind but the 
method of blinding was inappropriate (e.g., comparison of tablet vs. 
injection with no double dummy). 
Not applicable 

0 

Total Score 0 
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SIGN Assessment 

 
Table 4: SIGN Methodology Checklist. (2008)  

METHODOLOGY CHECKLIST 4: CASE-CONTROL STUDIES 
Study identification (include author, title, year of publication, journal title, pages) 

Hsieh, C.C., Goto, H., Kobayashi, H., Chow, W.C., Peng, W.H., Tang, R.B. (2007). Changes in 
serum eosinophil cationic protein levels after exercise challenge in asthmatic children. The 
Journal of Asthma. 44(7):569‐573. 
 
Guideline topic: Exercise Induced 
Asthma 

Key Question No: 

Checklist completed by: Una Caulfield 

SECTION 1: INTERNAL VALIDITY  
In a well conducted case control study 

... 
In this study the criterion is: 

1.1 The study addresses an appropriate 
and clearly focused question 

Well covered 

Adequately addressed

Poorly addressed 

Not addressed 

Not reported 

Not applicable 

SELECTION OF SUBJECTS 
1.2 The cases and control are taken from 

comparable populations 
Well covered 

Adequately addressed

Poorly addressed 

Not addressed 

Not reported 

Not applicable 

1.3 The same exclusion criteria are used 
for both cases and animals 

Well covered 

Adequately addressed

Poorly addressed 

Not addressed 

Not reported 

Not applicable 

1.4 What percentage of each group (cases 
and controls) participated in the study? 

Cases: 100% 

Controls:100% 

1.5 Comparison is made between 
participants and non-participants to 
establish their similarities or 
differences 

Well covered 

Adequately addressed

Poorly addressed 

Not addressed 

Not reported 

Not applicable 

1.6 Cases are clearly defined and 
differentiated from controls 

Well covered 

Adequately addressed

Poorly addressed 

Not addressed 

Not reported 

Not applicable 

1.7 It is clearly established that controls 
are non-cases 

Well covered 

Adequately addressed

Poorly addressed 

Not addressed 

Not reported 

Not applicable 
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ASSESSMEMT 
1.8 Measures will have been taken to 

prevent knowledge of primary 
exposure influencing case 
ascertainment 

Well covered 

Adequately addressed

Poorly addressed 

Not addressed 

Not reported 

Not applicable 

1.9 Exposure status is measured in a 
standard valid and reliable way. 

Well covered 

Adequately addressed

Poorly addressed 

Not addressed 

Not reported 

Not applicable 

CONFOUNDING 
1.10 The main potential confounders are 

identified and taken into account in the 
design and analysis. 

Well covered 

Adequately addressed

Poorly addressed 

Not addressed 

Not reported 

Not applicable 

STATISTICAL ANALYSIS 
1.11 Confidence intervals are provided YES 

SECTION 2: OVERALL ASSESSMENT OF THE STUDY 
2.1 How well was the study done to minimise 

the risk or bias or confounding? 
Code ++, +, or - 

- 

2.2 Taking into account clinical 
considerations, your evaluation of the 
methodology used, and the statistical 
power of the study, are you certain that 
the overall effect is due to the exposure 
being investigated? 

Concern that  serum ECP level result 

for non EIA asthmatics show no 

change at all throughout study 

2.3 Are the results of this study directly 
applicable to the patient group targeted 
by this guideline? 

 

NO 

SECTION 3: OVERALL ASSESSMENT OF THE STUDY (Note: The following 
information is required for evidence tables to facilitate cross-study comparison. 
Please complete all sections for which information is available). PLEASE PRINT 
CLEARLY 
3.1 How many patients are included in this 

study? 
List the number cases and controls 
separately 

48  patients comprised of 27 EIA+ 21 

EIA- and 11 controls 

3.2 What are the main characteristics of the 
study population? 
Include all characteristics used to identify 
both cases and controls – e.g. age, sex, 
social class, disease status 

 

Children ages 7 to 15 years. 

 

3.3 What environmental or prognostic factor 
is being investigated in this study? 
 

Influence of exercise on asthmatics 
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3.4 What comparisons are made in the 
study? 
Normally only one factor will be 
compared, but in some cases the extent 
of exposure may be stratified – e.g. non-
smokers v. Light, moderate, or heavy 
smokers. Note all comparisons here. 

 
Reactive Hyperaemia 

3.5 For how long are patients followed-up in 
the study? 
Length of time participants histories are 
tracked in the study  

 
Not Addressed 

3.6 What outcome measures are used in the 
study? 
List all outcomes that are used to assess 
the impact of the chosen environmental 
or prognostic factor. 

Pulmonary Function Tests, FEV1 

Exercise challenge 

Bloods 

Serum ECP levels 

3.7 What size of effect is identified in the 
study? 
Effect size should be expressed as an 
odds ratio. If any other measures are 
included, note them as well. Include p 
values and any confidence intervals that 
are provided. 

 
Not Addressed 

3.8 How was this study funded? 
List all sources of funding quoted in the 
article, whether Government, voluntary 
sector, or industry. 

Grant from Taipei Veterans General 

Hospital 

3.9 Does this study help to answer your key 
question? 
Summarise the main conclusions of the 
study and indicate how it relates to the 
key question 

Study indicates significant increase in 

serum ECP levels post exercise 

challenge in EIA+ children 

©SIGN 
 

Under the SIGN grading system this study gets a SCORE = 2- 

 

 

 

 

 

 



30 

Sample Study 2 

Beuther, D.A., Martin, R.J. (2006). Efficacy of a heat exchanger mask in cold 

exercise-induced asthma. Chest. 129(5):1188-1193. 

 

Jadad Assessment 

Jadad Score Calculation 

Item: Beuther, D.A., Martin, R.J. (2006) Score

Was the study described as randomized (this includes words such as 
randomly, random, and randomization)? 
The authors state that - In study 1, 13 asthmatic subjects performed two 
randomized, single-blind treadmill exercise tests 

1 

Was the method used to generate the sequence of randomization 
described and appropriate (table of random numbers, computer-
generated, etc)? 
A single-blind randomization (using a random number generator) was used to 
determine the testing order for each individual. 

1 

Was the study described as double blind? 
The authors state that - In study 1, 13 asthmatic subjects performed two 
randomized, single-blind treadmill exercise tests 

0 

Was the method of double blinding described and appropriate (identical 
placebo, active placebo, dummy, etc)? 
Not applicable  

0 

Was there a description of withdrawals and dropouts? 
All subjects met inclusion and exclusion criteria, and no subjects dropped out. 
 

1 

Deduct one point if the method used to generate the sequence of 
randomization was described and it was inappropriate (patients were 
allocated alternately, or according to date of birth, hospital number, etc). 
Not applicable 

0 

Deduct one point if the study was described as double blind but the 
method of blinding was inappropriate (e.g., comparison of tablet vs. 
injection with no double dummy). 
Not applicable 

0 

Total Score 3 
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SIGN Assessment 

 
Table 5: SIGN Methodology Checklist. (2008)  

METHODOLOGY CHECKLIST 2: Randomised Controlled trials 
Study identification (include author, title, year of publication, journal title, pages) 

Beuther, D.A., Martin, R.J. (2006). Efficacy of a heat exchanger mask in cold 

exercise‐induced asthma. Chest. 129(5):1188‐1193. 

 
Guideline topic: Exercise Induced 
Asthma 

Key Question No: 

Checklist completed by: Una Caulfield 

SECTION 1: INTERNAL VALIDITY  
In a well conducted RCT study ... In this study the criterion is: 
1.1 The study addresses an appropriate 

and clearly focused question 
Well covered 

Adequately addressed

Poorly addressed 

Not addressed 

Not reported 

Not applicable 

1.2 The assignment of subjects to 
treatment groups is randomised 

Well covered 

Adequately addressed

Poorly addressed 

Not addressed 

Not reported 

Not applicable 

1.3 An adequate concealment method is 
used 

Well covered 

Adequately addressed

Poorly addressed 

Not addressed 

Not reported 

Not applicable 

1.4 Subjects and investigators are kept 
‘blind’ about treatment allocation 

Well covered 

Adequately addressed

Poorly addressed 

Not addressed 

Not reported 

Not applicable 

1.5 The treatment and control groups are 
similar at the start of the trial  

Well covered 

Adequately addressed

Poorly addressed 

Not addressed 

Not reported 

Not applicable 

1.6 The only difference between the 
groups is the treatment under 
investigation 

Well covered 

Adequately addressed

Poorly addressed 

Not addressed 

Not reported 

Not applicable 

1.7 All relevant outcomes are measured in 
a standard,valid and reliable way  
 
 
 
 

Well covered 

Adequately addressed

Poorly addressed 

Not addressed 

Not reported 

Not applicable 
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1.8 What percentage of the individuals or 
clusters recruited into each treatment 
arm of the study dropped out before 
the study was completed? 

0% 

1.9 All the subjects are analysed in the 
groups to which they were randomly 
allocated (often referred to as intention 
to treat analysis) 

Well covered 

Adequately addressed

Poorly addressed 

Not addressed 

Not reported 

Not applicable 

1.10 Where the study is carried out at more 
than one site, results are comparable 
for all sites 

Well covered 

Adequately addressed

Poorly addressed 

Not addressed 

Not reported 

Not applicable 

SECTION 2; OVERALL ASSESSMENT OF THE STUDY 

2.1 How well was the study done to 
minimise bias? 
Code ++, +, or - 

 

2.2 If coded as +, or – what is the likely 
direction in which bias might affect the 
study results? 

Study was only single blinded so those 
aware of the treatment may have been 
biased 

2.3 Taking into account clinical 
considerations, your evaluation of the 
methodology used, and the statistical 
power of the study, are you certain that 
the overall effect is due to the 
exposure being investigated? 

The study with small numbers was probably 
underpowered. However results were 
significant and clearly add to the overall data 
in this area.     

2.4 Are the results of this study directly 
applicable to the patient group targeted 
by this guideline? 

Yes but concerns that practical 
considerations may mean masks would not 
be used. 

SECTION 3: OVERALL ASSESSMENT OF THE STUDY (Note: The following 
information is required for evidence tables to facilitate cross-study comparison. 
Please complete all sections for which information is available). PLEASE PRINT 
CLEARLY 
3.1 How many patients are included in this 

study? 
Please indicate number in each arm of 
the study, at the time the study began. 

13 adults in Study 1 
 
5 adults in Study 2 (overlap of 2) 

3.2 What are the main characteristics of the 
study population? 
Include all characteristics used to identify 
both cases and controls – e.g. age, sex, 
social class, disease status, 
community/hospital based 

Mean age 29, 9 female, 6 male. All had 
asthma symptoms due to cold air. 
Ethnic origin or where recruited not 
reported 

 

3.3 What intervention (treatment,procedure) 
is being investigated in this study? 
List all interventions covered by the study 

Heat exchanger mask 
Cold Air 
Albuterol pretreatment 

3.4 What comparisons are made in the 
study? 
Are comparisonsmade between 
treatments, or between treatments and 
placebo/ no treatment? 
 
 
 
 

Study 1 - cold air exercise test while 
wearing the mask either with the active 
device or a placebo insert. 
Study 2 - Exercise with a) mask in cold 
air, b) pretreated with albuterol c) no mask 
or pretreatment 
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3.5 For how long are patients followed-up in 
the study? 
Length of time patients are followed from 
beginning participation in the study. Note 
specified end points used to decide end 
of follow-up (e.g. death, complete cure) 
Note if follow-up period is shorter than 
planned.  

Study appears to have been completed 
over seven days 

 

3.6 What outcome measure(s) are used in 
the study? 
List outcomes that are used to assess 
effectiveness of the interventions used.   

Max postexercise % decline in FEV1 and 
decline in max mid-expiratory flow 
 

3.7 What size of effect is identified in the 
study? 
 List all measures of effect in the units 
used in the study – e.g. absolute or 
relative risk, NNT, etc. Include p values 
and any confidence intervals that are 
provided 

The mean decrease in FEF25–75 
was 10 ± 4.8%, 23 ± 6.0%, and 36± 11%, 
respectively (p = 0.0625 for mask vs 
albuterol, p= 0.0625 for mask vs 
unprotected exercise). 

3.8 How was this study funded? 
List all sources of funding quoted in the 
article, whether Government, voluntary 
sector, or industry. 

Not reported 

3.9 Does this study help to answer your key 
question? 
Summarise the main conclusions of the 
study and indicate how it relates to the 
key question 

The heat exchanger mask blocks cold 
exercise-induced decline in lung function 
at least as effectively as albuterol 
pretreatment. 
 
 

©SIGN 
 
Under the SIGN grading system this study gets a SCORE = 1- 
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The McFadden and Anderson Hypotheses 

 

 

 

 

Figure 3: McFadden & Anderson Hypothesis (McFadden, 1999) 

 
 

 

The above schematic represents the two hypotheses with respect to the proposed 

mechanism for each. The McFadden hypothesis follows the route to the left and the 

Anderson hypothesis follows the route to the right,  
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Literature Review 
 

 

The McFadden Hypothesis 

A total of ten studies were found which looked at McFadden’s hypothesis that 

‘cooling of the airways is followed by a reactive hyperaemia in the bronchial arteries 

which results in gorging of the small airways thus causing the wheeze’ as the 

pathogenic factor in EIA. Three of the studies were on children, one spanned an age 

range of 10 to 45 years and the other six were on adults.  

 

In 1992 McFadden and colleague Gilbert further developed McFadden’s original 

theory when they suggested that the degree of cooling was not the only factor that 

determined the magnitude of the re-warming and proposed that the energy required 

to reheat the airways can only come from the circulation and appears to depend on 

the blood flow to the airway wall. They showed a correlation between the airway 

narrowing following hyperpnoea and the magnitude of the thermal differences in 

airway cooling and re-warming (r = 0.59). However the methods used by McFadden 

and Gilbert in their study to measure airway temperatures appear considerably 

invasive and may have been a source of airway irritation.    

 

Again in 1999 Mc Fadden, Nelson, Skowronski and Lenner in a study of adults with 

asthma and EIA found that thermal/heat flux may be the cause of decrease in 

respiratory function. The authors concluded that this was further evidence in support 

of the McFadden hypothesis. However study numbers were small and as no 
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definition /value for diagnosis of EIA was given, the study does not appear to add 

conclusively to the original hypothesis.   

 

Carlsen, Engh, Mørk and Schrøder (1998) were the first to look at McFadden’s 

theory in children. They studied both asthmatics children and children whom had 

chronic lung disease (CLD). They found a significant difference for mean FEV1 in the 

asthmatic children following the EIA with added cold air (P<0.0001). While a 

difference for mean FEV1 was seen in the CLD group after cold air was added it was 

not of the order which would indicate the presence of EIA. The authors concluded 

that children with bronchial asthma are substantially more sensitive to cold air than 

children with CLD and that EIA is markedly increased by cold air inhalation in 

asthmatic children. Interestingly this was one of the first studies to point out that 

different factors may be at play for EIA in different lung diseases.  

 

A more recent study of (2 to 5 year-old) preschool children found that the sensitivity 

of inhaling cold dry air is greater than the response to dry air only (Nielsen & 

Bisgaard, 2005). They also found that the cold air challenge seemed to induce a 

reduction in response to the following dry air challenge (p < 0.01), whereas no such 

reduction was seen when the challenges were performed in the reverse order. The 

authors suggested that the refractoriness induced by cold air may be due to the 

additional stimulus from airway cooling. 

 

Stensrud, Berntsen and Carlsen (2007) sought to establish if a cold environment had 

an effect on the exercise capacity of subjects with EIA. They studied subjects (10 – 

45 years old) with EIA measuring peak oxygen uptake (VO2 peak) and peak running 

speed. EIA was defined as FEV1≥10% following exercise challenge. Subjects 
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exercised by running on a treadmill at 95% work rate in a climate chamber under 

standardised, regular conditions, and in a standardised cold environment in random 

order on separate days.  

 

VO2 peak decreased 6.5%, (p = 0.004) in the cold environment and running speed was 

also significantly lower in the cold environment (p = 0.02). The post-exercise 

reduction in FEV1 increased significantly (p = 0.04) after exercise in the cold 

environment. No correlation however, was found between reduction in VO2 peak and 

the increased maximum fall in FEV1 in the cold environment. Interestingly the authors 

found that sitting at -20oC caused more bronchoconstriction than moderate exercise 

at room temperature. However for the age range of the subjects two different 

exercise protocols are recommended by the ATS (1999) but there was no mention of 

this within the study methodology.  

 

Larsson, Tornling, Gavhed, Muller-Suur and Palmberg (1998), having previously 

reported that prolonged exposure to cold air may induce a chronic asthma-like 

condition in healthy cross-country skiers, sought to elucidate further the link between 

cold air exposure and airway inflammation by assessing the cellular influx and 

mediator levels within the airways following acute exposure to cold air. They 

performed bronchoalveolar lavage (BAL) and nasal lavage after exposure to cold air 

(-23°C) and normal indoor air (+22°C) during a light, intermittent work for 2 hours in a 

cross-over design in healthy, nonsmoking, subjects. 

  

Results showed that the number of granulocytes and alveolar macrophages in BAL 

fluid was significantly higher after cold air exposure (p<0.05). There was no increase 

in BAL fluid lymphocytes and no signs of lymphocyte activation in BAL fluid were 



38 

found. There were no signs of granulocyte activation (myeloperoxidase, eosinphilic 

cationic protein) in the BAL fluid. Cold air did not influence the number of 

inflammatory cells in the nasal lavage fluid. 

 

While this study does seem to span both the McFadden hypothesis and the 

inflammatory process involved in EIA it is included in this section based on the 

author’s conclusions. These were that exposure to cold air induces an increased 

number of granulocytes and macrophages in the lower airways in healthy subjects 

without influencing other inflammatory indices such as cellular activation, plasma 

leakage and pro-inflammatory cytokines and accordingly they conclude that cold air 

could be of pathogenic importance in the asthma-like condition previously found in 

cross-country skiers. 

 

The bronchial response to cycling in different air conditions was evaluated by 

Kallings, Emtner and Bäcklund (1999). They found that cold dry air induced a higher 

degree of bronchoconstriction than warmer humid air during exercise but no 

difference was seen when the relative humidity (RH) of room temperature air was 

increased from 24% to 60%. There were a couple of issues with this study in that oral 

theophylline was only withdrawn for 24 hours rather than the recommended 72 hours 

(ATS, 1999).It may have been a sign of the times but those of the subjects that 

smoked were asked to refrain from doing so for 2 hours prior to the tests.  

 

Based on both McFadden’s theory and previous work done by Chen and Horton 

(1977) two studies looked at the effects a heat exchanger mask would have on the 

development of EIA (Stewart, Cinnamond, Siddiqui, Nicholls &  Stanford, 1992; 

Beuther & Martin, 2006) 
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In the study by Stewart et al. (1992) they investigated whether using a mask that 

retains heat and moisture would prevent the development of EIA. In their results only 

one patient of ten showed no improvement with the mask. The mean FEV1 reduction 

in the group was 33% without the mask and 9% with it (p<0 01). They concluded that 

a mask retaining heat and moisture could effectively control exercise induced asthma 

but that the mask might be more beneficial in cold weather, which classically 

precipitates the development of EIA. It was suggested that masks may be helpful in 

the management of subjects who cannot or will not take prophylactic drug treatment. 

 

There are patients who despite taking medication are still left with limitations in their 

ability to exercise together with patients who have high levels of exercise but have 

incomplete symptom control. As a result Beuther and Martin (2006) studied the 

effectiveness of a heat exchanger mask and also found that it blocked cold air 

induced decline in lung function. The results were significant,  the mean decrease (± 

SE) in FEV1 was 19± 4.9% with placebo, and 4.3 ± 1.6% with the active device (p = 

0.0002).   

 

Beuther and Martin also compared the device to a pharmacological bronchodilator 

pre-treatment (albuterol) and found there was no significant difference between the 

device and the pharmacological pre-treatment (p=0.4375).  

 

Despite these two studies showing the effectiveness of a heat exchanger mask there 

remains the question could the size of the mask and how it is attached to the patient 

have an impact? Also could cold air affect the face in some way more so than the 

airway?   
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In 2004 Zeitoun et al. go some way to addressing these questions as they 

hypothesised that the bronchial responsiveness (BR) enhanced by exercising in cold 

air as compared with exercising in warm air is due to intra-thoracic cooling and/or to 

increased vagal activity caused by facial cooling. Their study sought to compare the 

effects on BR of cold air inhalation and of facial exposure to cold air, as well as the 

combined effect of both. Fourteen asthmatic children performed four exercise 

challenge tests in a climatic chamber:  

1) inhaling warm air while the face was exposed to warm air (WW) 

2) inhaling warm air while the face was exposed to cold air (WC) 

3) inhaling cold air while the face was exposed to cold air (CC) 

4) inhaling cold air while the face was exposed to warm air (CW)  

 

The study showed significant differences among the four experimental conditions (p 

< 0.001).  FEV1 was significantly lower for WC (p < 0.001) than the other three 

exposures with CC next lowest. Accordingly the authors concluded that facial cooling 

combined with either cold or warm air inhalation causes the greatest EIA, as 

compared with the isolated challenge with cold air inhalation. They suggest that vagal 

mechanisms play a major role in exercise and cold-induced bronchoconstriction. 

 

In summary ten studies albeit of different quality (Table 4) were reviewed all bar one 

of which supported the influence of cold air on the pathogenesis of EIA. 
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Table 6: The ten McFadden Hypothesis studies assessed under JADAD and SIGN 

JADAD Scoring System  0 1 2 3 4 5  

Summary Scores of Studies assessed  3 4 2 1 0 0  

SIGN Scoring System 4 3 2- 2+ 2++ 1- 1+ 1++

Summary Scores of Studies assessed 0 2 4 2 1 1 0 0 

 

 

 

The Anderson Hypothesis 

Anderson’s hyphothesis was published in 1984 and stated that ‘a change in the 

osmotic environment of the respiratory tract is brought about by the vaporisation of 

water and acts as a more potent stimulus to bronchoconstriction than does airway 

cooling’. She further hypothesised that there may be an important association 

between osmotic changes in the epithelium and the release of mediators from the 

bronchial mucosal mast cells. 

 

However providing direct evidence that evaporative water loss of the airway surface 

liquid occurs during exercise requires making measurements of the osmolarity of this 

fluid layer.  This proved technically impossible in exercising humans due to the small 

volume distributed over a large surface area and the potential for instrumentation of 

the airways to alter water flux across the epithelium. As such only a small number of 

studies, four in all, were found directly supporting this hypothesis.  
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Tabka, Ben Jebria, Vergeret and Guenard (1988) using an indirect approach found 

that during exercise breathing hot dry air the expired water vapour concentration 

decreased in both asthmatics and healthy subjects. Their findings suggested that 

during exercise the available water on the airway surface is reduced by breathing the 

hot dry air. Their study looked at both asthmatic children and healthy controls and 

concluded that children with exercise induced asthma have lower expired water 

vapour concentration than healthy children during the recovery period when 

bronchoconstriction typically occurs. The authors maintain that the results give 

indirect evidence of osmolar stimuli inducing bronchoconstriction in children with 

exercise-induced asthma.  

 

While Tabka et al. (1988) suggest that caution is necessary when interpreting 

measurements of exhaled water content because of the variation over time in 

Respiratory Water Loss (RWL). Overall they concur with the Anderson hypothesis. 

The study did however lack a definition of EIA. 

 

Stensrud, Berntsen and Carlsen (2006) looked at the effect of humidity on the 

exercise capacity of subjects with EIA. They studied known EIA positive subjects 

between the ages of 10 and 45 years and one of the findings was that they had a 

different breathing pattern when exposed to exercising in humid air i.e. their 

breathing became slower and deeper.  

 

Post-exercise reduction in FEV1 significantly decreased after exercise in a humid 

environment as compared to regular conditions (p<0.001).  The authors concluded 

that the reduced loss of water from the airways was probably the main reason for the 
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protective effect on EIA in the humid environment. They also noted that the best 

recovery environment for EIA is a standard temperature environment. 

 

In their exercise challenge they used a higher work rate of 95% than suggested by 

the ATS (1999) as it had been previously shown that this level of work rate is more 

diagnostic of EIA (Carlsen, Engh & Mørk, 2000). Definition of EIA was also set at 

FEV≥10%. 

 

Evans, Rundell, Beck, Levine and Baumann (2005) sought to dispel the cold air 

hypothesis and showed similar post challenge percentage falls in FEV1 for room 

temperature (RT), cold temperature (CT) EVH and exercising, suggesting that 

dryness was the main pathogenic factor and cooling/cold temperature did not have 

an additive effect to the EIA response. In this study RT-EVH resulted in a significantly 

greater peak fall in FEV1 than CT-EVH. This finding while contradicting all other study 

findings in this area was chosen by the authors to support the hypothesis that airway 

drying was the paramount factor in EIA. As all of the results were presented as mean 

values it is difficult to see how this result occurred and if it was reflective of all 

participants and/or if there were any confounding factors. 

 

The authors defined probable EIA sufferers as those with an FEV1>7% which is 3% 

less than any other study in this review and accordingly this may have influenced the 

results.  

 

Argyros, Phillips, Rayburn, Rosenthal and Jaeger (1993) identified three inspired gas 

conditions that result in no net respiratory heat loss but induce a mucosal loss of 

water. They are: 
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1) 37oCelcius (C) with 47 mm Hg water vapour pressure 

2) 56oC with 38 mm Hg water vapour pressure 

3) 78oC with 27 mm Hg water vapour pressure 

All of the above conditions have the same heat content as fully saturated air at body 

temperature. In healthy subjects hyperventilating at a minute ventilation of 30 times 

their FEV1 for 6 min, expired temperatures at the mouth averaged 39oC, 43oC and 

43oC for the three conditions. Retrotracheal esophageal temperatures did not fall in 

any subject, thereby demonstrating the absence of significant airway cooling. 

Subjects with exercise-induced bronchospasm were tested under the same 

conditions and demonstrated post-challenge mean falls in FEV1 for all three 

conditions, with bronchospasm increasing as the temperature of the inspired air 

increased (p = 0.001). The amount of respiratory water lost from the respiratory 

mucosa significantly correlated  with the resultant bronchospastic response as 

measured by the fall in FEV1 (p = 0.017), but the net respiratory heat lost did not 

significantly correlate (p = 0.113-r values not given). This study demonstrates that 

bronchospasm can be induced without significant respiratory heat loss or airway 

cooling and suggests that it is proportional to the amount of water lost from mucosal 

surfaces. 

 

Argyros and colleagues state that the concentration of water in the inspired air is 

crucial to the magnitude of the bronchospastic response, and for an individual there 

is a relationship between the airway response and the total water loss during 

exercise. 

 

The four studies that were found addressing Anderson’s hypothesis were of different 

quality however all supported the hypothesis in their conclusions (Table 7). 
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Table 7: Anderson Hypothesis studies assessed under JADAD and SIGN 

JADAD Scoring System  0 1 2 3 4 5  

Summary Scores of Studies assessed  2 1 1 0 0 0  

SIGN Scoring System 4 3 2- 2+ 2++ 1- 1+ 1++

Summary Scores of Studies assessed 0 2 1 0 1 0 0 0 

 

 

Inflammatory Causative Factors 

Apart from the original two hypotheses the role of inflammatory mediators in the 

initiation of EIA has emerged as the subject of many studies. Inflammation is one of 

the first responses of the immune system to infection or irritation. Inflammation is 

stimulated by chemical factors released by injured cells and serves to establish a 

physical barrier against the spread of infection, and to promote healing of any 

damaged tissue following the clearance of pathogens. (Waugh & Grant, 2001). 

Studies in this area have looked at: 

1) Eosinophils and eosinophil catonic protein (ECP)  

2) Cysteinyl Leukotrienes  

3) Neutrophils  

4) Mast cells  

 

Eosinophils and ECP 

Eosinophils are major effector cells in the inflammatory response. ECP is a basic 

secretion protein involved in the immune response system. ECP levels in biological 

fluids are an indicator of eosinophil-specific activation and degranulation and are 
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currently used for the clinical monitoring and diagnosis of inflammatory disorders. 

(Boix, Carreras, Nikolovski, Cuchillo & Nogués, 2001). 

 

Venge, Henriksen and Dahl (1991) looked at the variations in serum levels of ECP 

after exercise challenge in asthmatic subjects both with and without EIA. Subjects 

with EIA demonstrated a rise in serum ECP immediately following exercise which 

subsequently declined to below baseline levels 60 minutes after the exercise 

challenge. The investigators found no relationship in the severity of EIA to the peak 

serum levels of ECP after exercise. However they did find that baseline levels of ECP 

correlated with the degree of bronchoconstriction that followed exercise. Their 

findings were challenged in an accompanying editorial Busse (1991) which 

concluded that the discussed changes, as well as the observed correlation of 

baseline elevation of ECP with EIA severity, may simply have reflected the degree of 

existing airway inflammation and hyper-responsiveness to stimuli and may have no 

mechanistic relationship to EIA.  

 

Yoshikawa et al. (1998) also looked at the relationship between the severity of EIA 

and eosinophilic inflammation.  In order to do this they looked at the eosinophil 

content of sputum which was induced from subjects following a treadmill exercise 

challenge at 90% of the individual subjects work load.  The subjects were asthmatic 

patients (both with and without EIA) and healthy controls. 

 

Significantly higher percentages of eosinophils and levels of ECP were found in the 

sputum of EIA-positive asthmatics than of EIA-negative asthmatics and controls 

(p=0.049). There was also a significant correlation between the severity of EIA and 

the sputum eosinophil percentage and the level of ECP.   
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Particularly as a significant difference was seen between the EIA+ and the EIA- 

asthmatics it is possible that, the criteria used by the researchers to define EIA 

(FEV1>20%) at twice the level recommended by the ATS (1999), might have meant 

that only the most severe EIA+ cases were included and according influenced the 

results. A further difficulty with this particular study is that the researchers only asked 

for oral theophylline to be withdrawn for 12 hours prior to the exercise challenge. 

Normal procedure (ATS, 1999) is for theophylline to be withdrawn 72 hours prior to 

exercise challenge. As theophylline has an approximate half life of 8 hours subjects 

taking this medication would have somewhere between 25 to 50% of their last dose 

remaining in their system (ATS, 1999). 

 

Subsequently Otani et al. (2004) sought to determine the factors that were most 

strongly affecting the severity of EIA in asthmatics by a stepwise multiple-regression 

analysis. They looked at asthmatic patients who each underwent pulmonary function 

tests, and sputum induction. Eosinophilic inflammatory indices and airway vascular 

permeability index (ratio of albumin concentrations in induced sputum and serum) 

were examined in the sputum samples. The authors found a significant correlation 

between the severity of EIA and degree of eosinophilic inflammation in induced 

sputum. Moreover, there was a further significant correlation between the severity of 

EIA and airway vascular permeability index. The authors concluded from the 

stepwise multiple-regression analysis that eosinophilic inflammation was an 

independent factor in predicting the severity of EIA. 
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Hsieh et al. (2007) chose to assess the relationship between serum ECP levels and 

the severity of EIA in asthmatic children. There were EIA+ and EIA- asthmatic 

children and a control group of healthy children.  

 

In the EIA group only, the post-exercise serum ECP levels were significantly 

increased as compared with the pre-exercise serum ECP levels (p < 0.001). EIA was 

defined as FEV1>15% in this study. These results add to the earlier findings that ECP 

may serve as a possible contributor to the pathophysiology of EIA in asthmatics. 

 

Cysteinyl Leukotrienes 

Leukotriene (LT) C4, LTD4, and LTE4, collectively termed the cysteinyl leukotrienes 

(Cys-LTs), are peptide-conjugated lipids that are prominent products of activated 

eosinophils, basophils, mast cells and macrophages. Originally identified on the basis 

of their contractile properties for intestinal and bronchial smooth muscle they are now 

recognized as potent inflammatory mediators that initiate and propagate a diverse 

array of biologic responses. Clinically efficacious receptor antagonists and inhibitors 

of Cys-LT synthesis have been introduced to treat humans with asthma (Kanaok & 

Boyce, 2004). 

  

Previous studies had shown an increase in urine concentrations of LTE4 during 

severe episodes of worsening asthma and after broncho-provocation with allergen or 

aspirin (Smith, Christie, Hawksworth, Thien & Lee, 1991). Other results from exercise 

studies had been conflicting with inability to detect increases in urinary levels of LTE4 

after exercise (Taylor, Wellings, Taylor & Fuller, 1992) while others detected 

increases after exercise in children with asthma but not in normal healthy children 

(Kikawa et al. (1992). 
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However Reiss et al. (1997) undertook a study to provide further evidence that cys-

LTs are involved in the pathogenesis of EIA. Their hypothesis was that the 

concentration of LTE4 increased after exercise challenge and that montelukast, a 

potent and specific inhibitor of Cys-LTs, lessens the characteristic decrease in FEV1 

following exercise. 

 

Their study did in fact show increased urinary concentrations of LTE4 in adults with 

mild asthma after exercise. One possible explanation for the differences between the 

previous studies in the recovery of LTE4 may be the timing of sample collection 

and/or the sensitivity of the assay employed.  

 

There were a number of issues with the study in that data was only presented for 14 

of the original 19 participants and was the only study in the review to have 

dropouts/withdrawals. Neither was any explanation given as how the subjects were 

recruited. The authors conclude that the increase in the urinary excretion of LTE4 

after exercise and the protection from EIA by a Cys-LT receptor antagonist provide 

further evidence of the role of leukotrienes in the pathogenesis of EIA. 

 

Conversely Gauvreau, Ronnen, Watson, O'Byrne and Am (2000) concluded that EIA 

does not cause airway inflammation or airway hyperresponsiveness. Their original 

hypothesis was that the EIA caused by high intensity exercise in patients with asthma 

could be partly due to leukotriene production causing airway inflammation. Their 

study proposed that the Cys-LTs may partially mediate eosinophilic airway 

inflammation in asthmatic patients. 
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Subjects completed an exercise, methacholine and allergen challenge with blood and 

sputum samples obtained. Exercise appeared to have no effect on airway 

responsiveness or inflammatory cells measured in blood or sputum, unlike allergen 

inhalation, which resulted in significant airway hyperresponsiveness and increases in 

sputum eosinophils (p < 0.05).  The study appears compromised however, in that 

some of the tests were very late in completion i.e. from 2 months to one year later. 

 

Kivity et al. (2000) studied the effect of exercise-induced asthma on the cellular and 

mediator composition of spontaneously obtained sputum. Patients with bronchial 

asthma were investigated by studying sputum spontaneously obtained pre and post 

challenge. Two groups one with EIA and one without EIA performed an exercise 

challenge. The sputum was analysed for differential cell count and mixtures of 

leukotrienes (D4, E4 and C4).  

 

The group with EIA had a significantly higher mean drop in FEV1 (p = 0.001) than the 

group without EIA. Following challenges, there were significant increases in sputum 

eosinophils only in the group with EIA and not in the control group. In the liquid phase 

of the sputum, the amount of leukotrienes increased following exercise in all but one 

of patients with EIA in whom it was measured. The authors conclude that the influx of 

eosinophils to the airway in patients who develop EIA can be partially explained by 

the leukotrienes in the airways of those patients. 

 

Hallastand, Moody, Aitken and Henderson (2005) sought to determine whether there 

are differences in lower airway inflammation and production of cytokines and 

eicosanoids between asthmatic subjects with EIA and those with no EIA. Two such 

groups were identified with both groups meeting the definition of asthma on the basis 
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of bronchodilator response, bronchial hyperresponsiveness, or both. A comparative 

immunopathology study was then undertaken using induced sputum to identify 

differences in lower airway inflammation and production of cytokines and 

eicosanoids. 

 

The researchers found that  

1) The concentration of columnar epithelial cells was markedly higher in the group 

with EIA (p = .01).  

2) The concentration of eosinophils was higher in the group with EIA (p = .04).  

3) Cys-LTs and the ratio of Cys-LTs to prostaglandin E2 in the airways were 

significantly higher in the group with EIA (p = .002). 

 

The authors concluded that injury to the airway epithelium, over expression of Cys-

LTs, relative underproduction of prostaglandin E2, and greater airway eosinophilia 

are all distinctive immunopathologic features of asthma with EIA.  

 

Another research group (Carraro et al., 2005) while accepting that airway 

inflammation had a central role in the pathogenesis of asthma, sought to establish 

how it related to EIA. They therefore investigated the relationship between EIA and 

baseline concentrations of Cys-LTs in exhaled breath condensate (EBC). They 

collected EBC from asthmatic children (EIA+ and EIA-) and healthy controls.  

 

The asthmatic group were divided into an EIA group (decrease in FEV1 ≥12%) and a 

non-EIA group. EBC was collected and analyzed for the presence of Cys-LTs, and 

LTB4. Asthmatic patients with EIA had higher Cys-LT concentrations than either 
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asthmatic patients without EIA or control subjects (p< 0.05 and p< 0.001, 

respectively). No difference in EBC LTB4 levels was found among the three groups. 

 

The authors concluded that EBC Cys-LT values are higher in asthmatic children with 

EIA and correlate with the decrease in FEV1 after exercise. Their findings suggest 

that the pathways of Cys-LTs are involved in the pathogenesis of EIA.  

 

Lipoxins and Chemokines 

Lipoxins are lipid mediators that modulate leukocyte trafficking and promote 

inflammation resolution. There is increasing evidence suggesting that lipoxins 

produced endogenously might be potential mediators or modulators of inflammation 

within the lung (Tahan, Saraymen & Gumus, 2008).  

 

Tahan and colleagues looked at the involvement of lipoxin A4 in EIA following 

exercise in asthmatic children with EAI and without EIA. The lipoxin A4 levels were 

determined in plasma before and immediately after exercise challenge. No significant 

difference was observed in the pre-exercise lipoxin A4 levels among the groups. 

However a difference was observed in the post-exercise lipoxin A4 levels between 

the two groups with the decreases in plasma lipoxin A4 levels immediately after 

exercise challenge in asthmatic children with EIA  were  significantly higher than 

those asthmatic children without EIA (p = 0.041).  

 

These results are the first demonstration of the lower levels of lipoxin A4 associated 

with exercise-induced bronchoconstriction in asthma. The authors hypothesize that 

the development of EIA in asthmatic children may be in relation to a reduced 
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endogenous lipoxin biosynthetic capability. Lipoxin mimetics and related compounds 

could provide novel therapeutic approaches to the treatment of EIA in asthmatics. 

 

In a randomized, double-blind crossover study, Hallstrand et al. (2005) sought to 

establish whether epithelial cell and mast cell activation with release of inflammatory 

mediators occurs during EIA and how histamine and Cys-LTs antagonists alter the 

airway events occurring during EIA. Induced sputum was used to measure mast cell 

mediators and eicosanoids at baseline and 30 minutes after exercise challenge in 

EIA positive asthmatic participants. The percentage of columnar epithelial cells in 

induced sputum at baseline was found to be associated with the severity of EIA.  

 

After exercise challenge there was an increase in columnar epithelial cells in the 

airways and the concentration of columnar epithelial cells was associated with the 

levels of histamine and Cys-LTs. However no figures were given for these values, the 

results were presented in graph format from which it was not possible to determine 

the values. The authors also stated they found that treatment with montelukast and 

loratadine inhibited the release of Cys-LTs and histamine into the airways, but did not 

inhibit the release of columnar epithelial cells into the airways and therefore 

concluded that epithelial cells, mast cell mediators, and eicosanoids are released into 

the airways during EIA thus supporting an inflammatory basis for EIA. 

 

Chemokines are a family of cytokines that are believed to be involved in the 

pathogenesis of several lung diseases. As the role of chemokines in the 

pathogenesis of EIA  in asthma had not been investigated Tahan, Karaaslan, Aslan, 

Kiper, and Kalayci (2006) sought to examine same.  Four groups were enrolled:  

1) asthmatic children with EIA  
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2) asthmatic children without EIA  

3) children with cystic fibrosis  

4) healthy children  

 

The data showed that exercise did not induce any significant changes in systemic 

chemokine levels. A significant difference was observed only in one pre exercise 

chemokine (IP-10) levels among groups with children who had a negative response 

to exercise having higher values (P = .045).  The authors however concluded that 

exercise does not cause any changes in the systemic expression of eosinophilic 

chemokines.  

 

Because of the increased prevalence of asthma and airway hyper-responsiveness in 

elite athletes, particularly in swimmers studies have proposed that high intensity 

exercise may induce airway inflammation and subsequent remodelling in these 

subjects. (Langdeau et al., 2000).  

 

Boulet, Turcotte, Langdeau and Bernier (2005) sought to evaluate the effects of high-

intensity training on induced-sputum cell populations in elite athletes. Subjects 

included both swimmers and runners. While the magnitude of the increase in 

neutrophils (one of first-responders of inflammatory cells to migrate toward the site of 

inflammation) was similar for all groups, it reached statistical significance (pre to post 

training) only in the swimmers with hyerresponsive airways group (p = 0.039). The 

authors concluded that a one-hour session of high-intensity training was associated 

with an increase in airway neutrophils among hyperresponsive swimmer athletes. 

The marked increase in ventilation associated with intense exercise may play a role 
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in modifying airway function through airway epithelium damage from intense drying 

and dehydration of the airways. 

 

Inflammation - Mast cells 

O’Sullivan et al. (1998) examined whether mast cell activation is a feature of EIA by 

measuring urinary metabolites of mast cell mediators in subjects with mild asthma 

and a history of EIA. Fifty eight percent subjects experienced EIA as defined (FEV1 

>15%) whereas the pulmonary function of the other subjects remained stable. The 

pre and post exercise challenge urinary concentrations of mast cell markers were 

evaluated and of these only  9α,11β- prostaglandin (PG)F2  was found to have 

increased significantly in the EIA group compared with the non EIA group  (p<0.05). 

The findings represent the first documentation of increased urinary levels of 9α,11β-

PGF2 in adults following exercise challenge and provides clear evidence for mast cell 

activation during EIA in asthmatics and further supports an inflammatory pathogenic 

basis for EIA. 

 

So while studies have suggested an inflammatory basis for EIA in asthmatics it 

remains unclear whether inflammation plays a similar role in EIA in athletes without 

asthma. Parsons et al. (2008) sought to determine whether there is evidence of an 

inflammatory basis for EIA occurring in non-asthmatic athletes. Sputum samples 

were collected from ninety-six athletes without asthma pre and post eucapnic 

voluntary hyperventilation testing. Inflammatory and epithelial cell counts in sputum 

were recorded.  

 

Using a multivariate regression model the authors showed a significant correlation 

between concentrations of select inflammatory mediators after EVH and the severity 
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of EIA.  Means of the log transformed concentrations of inflammatory mediators in 

EIA-positive athletes were significantly higher post-eucapnic voluntary 

hyperventilation than in EIA-negative athletes (p=0.011). The results showed that 

concentrations of inflammatory mediators are higher in EIA-positive athletes than in 

EIA-negative athletes without asthma after eucapnic voluntary hyperventilation 

testing. The severity of EIA in this cohort also is significantly correlated with 

increased concentrations of select inflammatory mediators suggesting a potential 

inflammatory basis for EIA in athletes without asthma. 

 

The authors do however acknowledge that the study was not powered to find a single 

inflammatory marker or cell that was strongly predictive of EIA, but it does provide a 

foundation for future studies investigating the mechanisms and clinical significance of 

the relationship between airway inflammation and EIA that occurs in non-asthmatics. 

 

Table 8: Inflammatory Causative Factor studies assessed under JADAD and SIGN 

JADAD Scoring System  0 1 2 3 4 5  

Summary Scores of Studies assessed  10 1 2 2 0 0  

SIGN Scoring System 4 3 2- 2+ 2++ 1- 1+ 1++

Summary Scores of Studies assessed 0 3 6 3 1 2 0 0 
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Emerging Science 

There were also a number of studies in the review which did not relate to either of the 

two hypotheses or inflammation.  

 

The membrane-bound metalloproteinase, neutral endopeptidase (NEP), is a 

degrading enzyme of both bronchoconstrictor and bronchodilator peptides within the 

airways. de Gouw, Diamant, Kuijpers, Sont and Sterk (1996) looked at the role of 

NEP in EIA in asthmatic subjects in order to assess whether it performed a 

potentially protective or aggravating role in EIA.  

 

Inhaled NEP inhibitor was used as pretreatment to a 6-min standardized exercise 

challenge. Clinically stable asthmatic subjects participated in this double-blind, 

placebo-controlled, crossover study. The acute effects of both active and placebo 

pre-treatments on baseline FEV1 were not different (p > 0.2), neither was there any 

difference in maximal percent fall in FEV1 between the NEP inhibitor and placebo (p 

> 0.7). These data indicate that NEP inhibition reduces EIA during the recovery 

period. Which the authors suggest that bronchodilator NEP substrates, such as 

vasoactive intestinal polypeptide or atrial natriuretic peptide, modulate EIA in patients 

with asthma but are not involved in the pathogenesis. 

 

There is evidence that the bronchial microcirculation has the potential to contribute to 

the pathophysiological mechanisms of EIA in asthmatic subjects. Two studies in 

2002 looked at this issue through Vascular Endothelial Growth Factor (VEGF) and 

Nitric Oxide (NO) respectively (Kanazawa, Hirata & Yoshikawa; Kanazawa, Asai, 

Hirata, & Yoshikawa, 2002).  



58 

 

The first study (Kanazawa, Hirata & Yoshikawa, 2002) found that the concentration of 

VEGF in induced sputum was significantly higher in asthmatic subjects than in 

normal controls. There was also a significant correlation between the concentration 

of VEGF and the % maximal fall in FEV1 and between the concentration of VEGF 

and airway vascular permeability index. The authors concluded that excessive 

production of VEGF in asthmatic airways may contribute to the pathogenesis of EIA 

via increased airway vascular permeability. 

 

The second study (Kanazawa, Asai, Hirata, & Yoshikawa, 2002) looking at Nitric 

Oxide (NO) levels showed that the airway vascular permeability index was 

significantly higher in EIA-positive asthmatics than in EIA-negative asthmatics and 

normal control subjects. A significant correlation between NO levels in induced 

sputum and the airway vascular permeability index was also found. Moreover, the 

airway vascular permeability index was significantly correlated with the severity of 

EIA. These findings suggest that increased airway vascular permeability due to 

excessive production of NO correlates with the severity of EIA in asthmatics. 

However no details were given as to what the author’s definitions of EIA were in the 

first study but it was defined as FEV1>20% in the second study. Both studies used a 

treadmill exercise challenge and 90% work rate. The findings do however lend some 

indirect support to the McFadden hypothesis in relation to reactive hyperaemia. 

 

Carraro et al. (2005) in their study also looked at NO and found it too was involved in 

the pathogenesis of EIA. They also found ammonia concentrations were lower in 

both the EIA and non-EIA groups than in control subjects (p < 0.01 and p < 0.05, 
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respectively). Both asthmatic groups had higher FENO levels than control subjects (p 

< 0.001). EBC Cys-LT and FENO values both correlated significantly with the post 

exercise FEV1 decrease. Their findings suggest that the pathways of both Cys-LT 

and nitric oxide are involved in the pathogenesis of EIA.  

 

Valero et al. (2005) looked at nasal and bronchial responses to exercise in subjects 

with both asthma and rhinitis. They also looked at the role of nitric oxide. No 

relationship was found between nasal NO and exhaled NO post exercise, however, it 

was concluded that nasal and bronchial responses to exercise are completely 

different in asthmatics with rhinitis. Nasal patency increases and FEV1 decreases 

≥15%. This is one of the few studies since Carlsen, Engh, Mørk and Schrøder in 

1998 to suggest a difference in the underlying pathophysiology between EIA in 

asthmatics and non asthmatics. This particular study was however lacking in some 

areas i.e. the type of exercise challenge unknown, a low work rate and EIA was 

defined as FEV1≥15%.  

 

In a further development Vizi et al. (2002) investigated whether the level of plasma 

adenosine (ADO) changed during exercise and whether this could be related to EIA. 

Baseline levels of ADO did not differ, but exercise resulted in higher ADO in patients 

with asthma than in healthy subjects. In patients with asthma, the increase in 

ADO was related to decreases in FEV1.. This data does suggest that adenosine 

might be involved in the development of EIA. 

 

Csoma et al. (2005) investigated if EIA was associated with local changes of 

adenosine concentration in the airways. Oral exhaled breath condensate (EBC) and 
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FEV1 measurements were performed before and after treadmill exercise challenge in 

healthy and asthmatic subjects.  

 

The researchers found that physical exercise results in bronchoconstriction together 

with a significant increase of adenosine level in EBC in asthmatic patients as 

compared to baseline but not in healthy control subjects. Exercise-induced changes 

in adenosine concentration correlated significantly with the fall in FEV1 values in 

asthmatic patients. In conclusion, the authors stated that an increase in adenosine 

concentration of oral exhaled breath condensate most probably reflects changes in 

the airways during exercise-induced bronchoconstriction. Due to its known 

bronchoconstrictor property in asthma, adenosine may contribute to the development 

of bronchospasm. 

 

A higher prevalence of asthma and EIA exists in indoor ice rink athletes than does in 

non-athlete or warm-weather athletes (Voy, 1984). It was hypothesised that this was 

related to exercise ventilation of rink air pollutants and Rundell, Spiering, Evans and 

Baumann (2004) undertook a study in relation to same. They examined resting lung 

function and asthma-like symptoms in American national team female ice hockey 

players.  

 

They concluded that low baseline lung function is indicative of early small airway 

dysfunction, which results in asthma-like symptoms that precede airway hyper-

reactivity in some, but not all, ice rink athletes. They proposed that EIA in ice rink 

athletes is a unique respiratory syndrome that is heterogeneous in nature, affecting 

the asthmatic and non-asthmatic skating athlete and may involve fibrotic as well as 

inflammatory processes. The likely trigger being high deposition of PM1 (Particulate 



61 

matter of internal combustion pollutants emitted from ice resurfacing machines) in the 

peripheral airways resulting from chronic high exercising ventilation exposure. The 

precise mechanism of this syndrome they believe has yet to be elucidated. 

 

Table 9: Emerging Science studies assessed under JADAD and SIGN 

JADAD Scoring System  0 1 2 3 4 5  

Summary Scores of Studies assessed  6 0 0 0 1 0  

SIGN Scoring System 4 3 2- 2+ 2++ 1- 1+ 1++

Summary Scores of Studies assessed 0 2 3 1 0 0 1 0 
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Discussion 
 

EIA is a significant clinical problem and despite the fact that effective and safe 

prophylactic treatment is available and necessary (Carlsen et al., 2008) the 

underlying causes of EIA are still disputed. The condition is widely undiagnosed as 

screening is unlikely unless the individual is either asthmatic or particularly athletic 

(Parsons & Mastronarde, 2009). This review of thirty six studies, with varying 

degrees of quality included a total of 931 participants in thirty-six studies over a 

period of twenty years.   

 

There were some potential methodological limitations in this review in relation to 

publication and selection biases. While a comprehensive search of published 

literature for potentially relevant studies was conducted it is possible that selection 

bias occurred as there was only one independent reviewer. However to the fullest 

extent possible the studies excluded were done so for appropriate reasons and in a 

consistent manner.  

 

One of the first issues encountered was the definition of EIA itself. Thirteen of the 

studies gave no definition, ten used FEV1≥10%, seven used FEV1≥15%, four used 

FEV1≥20% with the remaining two studies using FEV1≥12% and FEV1≥7%. 

Accordingly pooling of the data for analysis was only possible under the broader 

headings of McFadden’s Hypothesis, Anderson’s Hypothesis, Inflammatory 

Causative Factors and Emerging Science.  
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All of the studies involved different populations ranging from those recruited through 

hospital clinics, specific athletic populations and university research centre recruits. 

However, few studies used similar exercise protocols and workloads. No two studies 

collected, tested, stored and used similar assays. The duration of trials ranged from 

one day to one year but generally in relation to recruitment with only one trial 

performed tests subsequent to challenge from 2 months to one year thereafter.  

 

A disappointing observation from the studies reviewed is that details regarding 

acceptable randomisation, allocation concealment and blinded outcomes 

assessment were not adequately reported in any of the studies. It must also be 

stated that as the majority of the studies had small sample sizes this introduces a 

note of caution to the conclusions reached. Ideally more randomised controlled trials 

need to be conducted to establish results in the future.  

 

The studies reviewed did suggest that EIA is a considerable issue to asthmatic 

children, adults and athletes. It is noteworthy that only one trial was carried out on 

non asthmatics despite the fact that in the UK and ROI alone 1.6 to 5.5million non-

asthmatic people could be affected. This is especially important in the case of 

growing children and young adults, as untreated EIA can lead unnecessarily to the 

avoidance of physical activity and sports with none of the exercise benefits in relation 

to the prevention of cardiovascular amongst other diseases accruing for these 

individuals. 

 

While a number of possible mechanisms involved in the pathogenesis of EIA were 

evaluated it would still appear that the studies reviewed do not allow any firm 
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conclusions to be drawn. However the evidence appears to be currently weighted in 

favour of inflammatory causative factors as the basis for EIA.  

 

Although EIA is a short, transient condition that usually returns to baseline in one 

hour, many of the studies included patients with severe asthma on long-term inhaled 

corticosteroids and theophyelline  which were withheld for in some cases as little as 

12 hours before the exercise testing. Therefore carry-over effects could be present 

which may influence the results in these studies.  

 

In addition, because EIA is a variable condition, it is possible that baseline pulmonary 

function test (PFT) values could vary prior to each exercise challenge. Individuals 

could randomly experience a change in baseline airflow values depending on many 

of the factors (humidity, temperature). In fact only five of the studies reported an 

allowance for diurnal variation. 

 

While the primary purpose of the investigation was the pathogenesis of EIA the 

methodology of two of the studies included a possible non- pharmaceutical approach 

to the management of EIA.  Both looked at the efficacy of heat exchanger facial mask 

and both found promising results. There may however, be issues as to the aesthetic 

acceptability of the mask although there are reports of elite athletes wearing 

humidifying masks while travelling by air to and from major competitions. Grant 

Hackett an Australian Olympic swimmer stated in 2008 that he and the rest of the 

swim team have been wearing masks on planes since 2002. 
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The Beijing Olympics were a case point where there was much media speculation as 

to whether the poor environmental conditions could be resolved in time for the 

games. Many athletes with EIA compete successfully at international events but the 

heat and humidity in the Beijing region presented a formidable challenge. Poor air 

quality can affect performance; pollutants can trigger and exacerbate symptoms, 

affect airways and increase the risk of EIA. Outdoor endurance events at sites with 

poor air quality pose the greatest risk of respiratory problems participating athletes. It 

should also be remembered that athletes competing in the Paralympic Games who 

have spinal cord lesions affecting coughing and breathing mechanics will also be at 

increased risk at these sites. 

 

Environmental issues were identified in many of the studies reviewed and while 

pertaining mainly to athletic populations they also have wider global implications as 

can be seen with world leaders currently involved in discussions such as the Kyoto 

Agreement 

 

Studies into Inflammatory Causative Factors had by far the highest number of studies 

(15) and participants – with 497 in total. The participants in the McFadden and 

Emerging Science studies were almost equal at about 180 participants each. While a 

total of only 63 subjects participated in the Anderson hypothesis studies. A split 

between adults and children was not possible due to lack of data within the studies.   

 

There is a growing body of data suggesting that inflammation (mast cells, cystenyl 

leukocytes, eosinophils, ECP and other mediators) may be abnormal in asthmatics. 

Of the 15 studies reviewed which examined this role in EIA all bar two concurred in 

this point.  
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While the current balance of evidence clearly suggests a more probable relationship 

with inflammation for asthmatics with EIA. Clearly further work is required to explore 

the pathogenesis of EIA in non asthmatics. 

 

A summary of the reviews under the JADAD and SIGN system can be seen in 

Figures 4 and 5 respectively. 

No of Studies

23
22
21
20
19
18
17
16
15
14
13
12
11
10
9
8
7
6
5
4
3
2
1

0 1 2 3 4 5

JADAD Scores

JADAD 0 1 2 3 4 5
McFadden 3 4 2 1 . .
Anderson 2 1 1 . . .
Inflamation 9 1 2 2 . .
Emerging Science 7 . . . 1 .
Total Studies 21 6 5 3 1 0  

Figure 4: JADAD Assessment Summary 
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No of Studies

23
22
21
20
19
18
17
16
15
14
13
12
11
10
9
8
7
6
5
4
3
2
1

4 3 2- 2+ 2++ 1- 1+ 1++

SIGN Scores

SIGN 4 3 2- 2+ 2++ 1- 1+ 1++
McFadden . 2 4 2 1 1 . .
Anderson . 2 1 . 1 . . .
Inflamation . 3 6 3 . 2 . .
Emerging Science . 2 3 1 1 . 1 .
Total Studies 0 9 14 6 3 3 1 0  

Figure 5: SIGN Assessment Summary 
 

 

JADAD Findings Summary   

• Majority of studies score at or below mid point 
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Conclusion 
 

The studies reviewed appear to reveal an inflammatory response correlated with EIA. 

Medical professionals also need now to be alert to the nonspecific nature of exercise-

induced symptoms and the need for increased utilisation of objective testing methods 

for accurate diagnosis. The cost implications of EIA both physically and economically 

may merit the initiation of a simple screening programme with benefits for the 

individual and for society as a whole. Data is emerging on a simple step test 

(Tancredi et al.,2003) which if successful could be a quick, economical, reproducible, 

safe and portable procedure that could be used in the identification of EIA or 

bronchial asthma in outpatients and epidemiological studies. 

 

Variations in nomenclature, classification, and diagnostic testing methods continue to 

make comparisons between published studies difficult. Consideration should now be 

given to the development of a diagnostic algorithm to improve and standardise future 

research methodologies. This along with other initiatives in the education of patients, 

parents, teachers and athletic coaches on the nature of EIA warrant support as this 

can help individuals with and without asthma to maintain an active lifestyle and reach 

their full physical potential. 

 

Perhaps future studies should even be directed towards identifying subpopulations of 

asthmatic and non asthmatic individuals in whom a specific stimulus or stimuli 

contribute to EIA. The recognition of the potential for different mechanisms causing 

EIA and an appreciation of the interactions between these various stimuli may lead to 

a better understanding of airway function during exercise in the general population. 
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So despite 36 studies 931 subjects and 20 years we still do not actually have 

agreement on the pathogenesis of EIA but it seems that the question posed in this 

review will be the cause of inflamed debate for some time to come.    
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activation during EIA in asthmatics 
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inflammation in patients with 

asthma..The European Respiratory 
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2+ Exercise (t) 

90% 

FEV≥20% 

Metacholine 

Sputum 

21 Asthmatic 

(16 atopic)  

9 controls 

30 0 Oral theophylline only withdrawn for 

12 prior 

Severity of bronchoconstriction 

evoked by exercise is more closely 

related to eosinophillic airway 

inflammation than to 

responsiveness to metacholine in 

asthmatics. 

Gauvreau, G.M., Ronnen, G.M., 

Watson, R.M., O'Byrne, P.M., Am, J. 

(2000). Exercise-induced 

bronchoconstriction does not cause 

eosinophilic airway inflammation or 

airway hyperresponsiveness in subjects 

with asthma. American Journal of 

Respiratory and Critical Care Medicine. 

162(4):1302-1307. 

 

 

 

2- Exercise (b) to 

exhaustion 

Metacholine 

Allergen 

No def of EIA 

Mild 

asthmatics 

13  ↓10 

Adults 18+ 

2 High airway levels of leukotrines 

may generate inflammatory 

response. Suggest EIA in 

Asthmatics by binding of mediators 

to specific receptors on smooth 

muscle. 

Study could not demonstrate ↑ in 

airway eosinophils in sputum 2-24 

hrs post exercise. 

Late completion of allergen test at 2 

mths and 1 yr  
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Shwartz, Y., Man, A., Grief, J., Fireman, 

E. (2000). Eosinophil influx into the 

airways in patients with exercise-

induced asthma. Respiratory Medicine. 

94:1200–1205. 

2- Metacholine 

Exercise 

FEV≥15% 

Asthma 

9 EIA+ 

9 EIA- 

7 asthmatics 

for met 

challenge 

49 recruited 

only 25 could 

give sputum 

voluntarily   

25 

Ages 15 to 

25 

0 Significant increase in eosinophil 

numbers during 

bronchoconstrictiononly in EIA+ 

group. Eosinophils may release 

leukotrines from another source 

causing eosinophil migration to the 

airways. 

(explains inhibition of EIA by 

leukotrine receptor antagonists) 

Met group ?EIA no details 

Otani, K., Kanazawa, H., Fujiwara, H., 

Hirata, K., Fujimoto, S., Yoshikawa, 

J.(2004). Determinants of the severity of 

exercise-induced bronchoconstriction in 

patients with asthma. The Journal of 

Asthma. 41(3):271-278. 

 

 

3 Exercise (t) 

90% 

Metacholine 

Bloods 

Sputum 

Asthma 23 0 Airway vascular hypermaliability, 

eosinophilic inflammation and 

bronchial hyper reactivity are 

independent factors predixting the 

severity of EIA 
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Jr., Aitken, M.L. (2005). Inflammatory 

basis of exercise-induced 

bronchoconstriction. American Journal 

of Respiratory and Critical Care 

Medicine. 

172:679–686. 

 

1- Exercise ( no 

details of 

challenge or 

work rate 

given) 

FEV≥15% 

Sputum 

Mild to 

moderate 

asthma 

 

Base of 

111 

qualifying 

25 

Ages 12 to 

59yrs 

3 Epithelial cells, mast cell mediators 

& eicosanoids released into airways 

during EIA supporting inflammatory 

basis for EIA 

Boulet, Turcotte, Langdeau and Bernier 

(2005)  Lower airway inflammatory 

responses to high-intensity training in 

athletes. Clinical and Investigative 

Medicine. 28:15–22. 

 

 

 

 

 

 

 

 

 

3 Metacholine 

FEV≥20% 

Bloods 

 

Swimmers 

HA 

Swimmers 

NA 

Runners HA 

Runners NA 

45 adults 

22 

swimmers 

23 runners 

 

0 High prevelance of AHR in high 

perf athletes suggests that intense 

sports activities may lead to a 

modification of airway function over 

time 

Swimmers ↑st prev of AHR & 

asthma. 

No baseline airway imflammationin 

high perf athletes but short term 

high intensity activitywas assoc with 

↑airway neutrophils in AHR 

swimmers  
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Journal of Allergy and Clinical 

Immunology. 116:586–593. 

2+ Exercise (t) 

85% 

Metacholine 

FEV≥15% 

Sputum 

10 

asthmatics 

EIA+ 10 

asthmatics 

EIA - 

20 

Ages 18 to 

59 yrs 

1 Injury to epithelium, over 

expression of Cys Lts, under 

production of PGE2 & increased 

eosinoplillia are features of asthma 

with EIA 

Hsieh, C.C., Goto, H., Kobayashi, H., 

Chow, W.C., Peng, W.H., Tang, R.B. 

(2007). Changes in serum eosinophil 

cationic protein levels after exercise 

challenge in asthmatic children. The 

Journal of Asthma. 44(7):569-573. 

2++ Exercise (t) 

FEV≥15% 

Bloods 

48 

asthmatics 

(27 EIA+  

21 EIA-) 

11 Controls 

59 children 

Ages 7 to 

15 years 

0 Asthmatic children with EIA have 

higher serum ECP after exercise. 

ECP levels correlate with changes 

in FEV. Suggest ECP may play a 

role in the pathogenesis of EIA  

Parsons, J.P., Baran, C.P., Phillips, G., 

Jarjoura, D., Kaeding, C., Bringardner, 

B., et al. (2008). Airway inflammation in 

exercise-induced bronchospasm 

occurring in athletes without asthma. 

The Journal of Asthma. 45(5):363-367 

3 EVH 

FEV≥10% 

No hx of 

asthma 

17EIA+ 

96 

volunteers 

no hx 

asthma 

0 Severity of EIA correlates with 

↑inflamatory mediators (type of 

sport may influence). Endurance 

↑neutrophils Swimmers/skiers 

↑eosinophils Systemic inflammatory 

response in athletes ≠airway 

hyperresponsivness. Adaptive 

response to chronic exercise? 

Conc. Of  inflammatory mediators 

higher in EIA+ athletes w/o asthma. 
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45(2):161-164. 

2+ Exercise (t) 

submax 

FEV≥10% 

Bloods 

Asthmatic 

12 EIA+ 8 

EIA- 

20 children 

Ages 6 to 

17yrs 

0 Plasma levels of LXA4↓ in EIA+ 

children. EIA in asthmatic children 

may be related to a reduced 

endogenous lipoxin biosynthetic 

capability 

Venge, P., Henriksen, J., Dahl, R. 

(1991). Eosinophils in exercise-induced 

asthma. Journal of Allergy and Clinical 

Immunology. 88(5):699-704. 

 

2- Exercise (b) @ 

80% 

EIA=↓PEF10%

Bloods 

13 A+EIA 

9 A-EIA 

22 2 ECP in serum→degree of allergic 

inflammation in lungs→degree of 

BHR 

Oral bronchodilators≠24hr 

Glucocorticosteroids≠3mth 

Carraro, S., Corradi, M., Zanconato, S., 

Alinovi, R., Pasquale, M.F., Zacchello, 

F. et al (2005). Exhaled breath 

condensate cysteinyl leukotrienes are 

increased in children with exercise-

induced bronchoconstriction. A Journal 

of Allergy & Clinical Immunology. 

115(4):764-770. 

 

 

 

2- Exercise (t) 

80% 

FEV≥12% 

EBC  

Skin prick 

19 Atopic 

Asthmatics 

(11 EIA+  

8 EIA-) 

14 healthy 

controls 

33 children 

Ages 7 to 

18yrs 

0 Dysregulation of airway acid 

balance. Cys-Lt & FENO levels are 

higher in children with & correlate to 

severity of EIA. Both involved in 

pathogenesis of EIA 
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bronchoconstriction in asthma. Annals 

of Allergy, Asthma and Immunology. 
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2- Exercise (t) 

Bloods 

Skin prick 

FEV1 ≥10% 

15 A+EIA 

15 A-EIA 

14 CF 

11 Healthy 

55 Children 0 Exercise does not cause any 

change in the systemic expression 

eosinophils or chemokines. 

Peripheral blood eosinophils may 

be a determinant of the exercise 

response 

 

 

Studies reviewed in relation to the McFadden Hypothesis 

Reference SIGN Challenge Condition Population JADAD Notes / Results 

Zeitoun, M., Wilk, B., Matsuzaka, A., 

Knopfli, B., Wilson, B.,Bar-Or, O. 

(2004). Facial Cooling Enhances 

Exercise-Induced Bronchoconstriction 

in Asthmatic Children. Medicine & 

Science in Sports & Exercise. 

36(5):767-771. 

 

 

2- Exercixe (b) 

work rate not 

clear 

FEV≥10% 

Asthma & 

EIA 

10 atopic 

14 children 0 CA induces different type of BR than 

pharmacological challenge. 

Facial cooling with either CA or WA 

inhalation gives greatest EIA. Vagal 

mechanismsplay major rol in CA 

induced bronchoconstrictione 
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Larsson, K., Tornling, G., Gavhed, D., 

Muller-Suur, C., Palmberg, L.(1998). 

Inhalation of cold air increases the 

number of inflammatory cells in the 

lungs in healthy subjects. The 

European Respiratory Journal. 12:825– 

830. 

2- Exercise (t) 

BAL 

NL 

No def of EIA 

Healthy 8 

Ages 20 to 

43 yrs 

1 Cold air increases granulocytes & 

macrophages in lower airways 

without influencing other 

inflammatory indices 

Therefore CA could be of pathogenic 

importance in asthma like condition 

found in x country skiers 

Carlsen, K.H., Engh, G., Mørk, M., 

Schrøder, E. (1998). Cold air inhalation 

and exercise-induced 

bronchoconstriction in relationship to 

metacholine bronchial responsiveness. 

Different patterns in asthmatic children 

and children with other chronic lung 

diseases. Respiratory Medicine. 

92:308–315. 

3 Exercise (t) 

submax  

Metacholine 

Skin prick 

No def of EIA 

32 

Astnmatics 

26 CLD 

58 children 1 Children with asthma react to cold air 

more than children with CLD 

EIA increased by CA in asthmatic 

children 

Stewart, E.J., Cinnamond, M.J., 
Siddiqui, R., Nicholls, D.P., Stanford, 
C.F.(1992) Effect of a heat and 
moisture retaining mask on exercise 
induced asthma. British Medical 
Journal. 22;304(6825):479-480. 

3 Exercise (t&b) 

80% crossover 

No def of EIA 

Asthma 10 

12 to 26 

years 

1 ? heat on face from mask as vagal 

stimiulant. Mask retaining heat and 

moisture effectively controlled EIA in 

most asthmatic subjects in study. 
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Thermally induced asthma and airway 

drying. American Journal of 

Respiratory and Critical Care Medicine. 

160:221–226.. 

2- ICH CA 

ICH WA 

No def of EIA 

Asthma & 

EIA 

8 adults 0 Thermal/heat flux may be cause of 

decrease in respiratory function.  

Nielsen, K.G., Bisgaard, H. (2005). 

Hyperventilation with cold versus dry 

air in 2- to 5-year-old children with 

asthma. American Journal of 

Respiratory and Critical Care Medicine. 

171:238–241.. 

2+ CA ICH 

DA EVH 

No def of EIA 

Asthma 40 children 2 Refractoriness induced by cold air 

challenge 

Stensrud, T., Berntsen, S., Carlsen, 

K.H.(2007). Exercise capacity and 

exercise-induced bronchoconstriction 

(EIB) in a cold environment. 

Respiratory Medicine. 101(7):1529-36 

2 ++ Exercise (t) 

95% 

RA & CA 

FEV≥10% 

EIA+ 

17 atopic 

20(10-45) 

No 

different 

Protocol for 

under 12’s  

2 Exercise in a cold environment 

decreases exercise capacity vo2 

peak and peak running speed and 

increases EIA in EIA+people. Sitting 

at -20 caused more 

bronchoconstriction  than moderate 

exercise at RT 

Beuther, D.A., Martin, R.J. (2006). 

Efficacy of a heat exchanger mask in 

cold exercise-induced asthma. Chest. 

129(5):1188-1193. 

1- Metacholine 

Exercise (t) 
85% 

FEV≥10% 

Sample 

1=13 

Sample 2 =5 

13  

asthmatics 

5 EIA 

3 Mask blocks cold air induced decline 
in lung function =  albuterol in a 
broad population of asthmatics?? 

facial warming vagal involvement ? 
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Gilbert, I.A., McFadden, E.R. Jr. 

(1992). Airway cooling and rewarming. 

The second reaction sequence in 

exercise-induced asthma. The Journal 

of Clinical Investigation. 90(3):699-704. 

2- ICH 

No def of EIA 

Atopic 

asthmatics 

7 0 The airway narrowing following 

hyperpnoea & the magnitude of 

thermal differences are related. 

Alterations in blood supply directly 

affect bronchial heat  

Kallings, L V., Emtner, M., Bäcklund, L. 

(1999). EIB in adults with asthma—

comparison between running and 

cycling and between cycling at different 

air conditions. Upsala Journal of 

medical Sciences. 104(3):191-198. 

2+ Exercise (b) 

@80-85% max 

? PEF 

No def of EIA 

Asthma 6 adults 1 No difference in indoor conditions. 

Concluded that not exercise type but 

ventilation demand + humidity of 

inspired. PEF not defined. PEF back 

to baseline faster after cycling 

Cold dry air ↑ bronchoconstriction  

 

Studies reviewed in relation to the Anderson Hypothesis 

Reference SIGN Challenge Condition Population JADAD Notes / Results 

Evans, T.M., Rundell, K.W., Beck, K.C., 

Levine, A.M., Baumann, J.M. (2005). 

Cold Air Inhalation Does Not Affect the 

Severity of EIB after Exercise or 

Eucapnic Voluntary Hyperventilation. 

Medicine & Science in Sports & 

Exercise. 37(4):544-549. 

3 Exercise (b) 

max effort 

EVH 

FEV≥7% 

14 

asthmatics 

8 healthy 

controls 

All EIA 

probable 

22 adults 0 EVH and exercise provoke EIA by a 

similar mechanism of water loss – 

cold temperature no additive 

response  
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Guenard, H. (1988). Effect of dry warm 

air on respiratory water loss in children 

with exercise-induced asthma.. Chest. 

94(1):81-86 

2- Exercise (b) 

constant 

workload 

No definition of 

EIA 

Asthma 6 

asthmatics 

6 controls 

children 

0 Lack of recovery of MH2O and ERH 

of children with EIA during exercise 

together with ↑in airway resistance 

Dehydrated mucosa in EIA of 

asthmatics vs controls 

Suggested EIA may occur when 

mucosa is hyperosmolar. Mouth 

breathing increases osmolarity of 

bronchial secretions in dogs → 

agree with Andersons theory 

 

Stensrud, T., Berntsen, S., Carlsen, 

K.H. (2006). Humidity influences 

exercise capacity in subjects with 

exercise-induced bronchoconstriction 

(EIB).. Respiratory Medicine. 

100(9):1633-1641. 

2++ Exercise (t) 

95% 

FEV≥10% 

Skin prick 

EIA+ 

17 atopic 

20 

Ages 10 to 

45 yrs 

2 Different breathing pattern in humid 

environment. Slower, deeper, 

pattern 

Reduced lossof water from the 

airways is probably main reason for 

protective effect on EIA in humid 

environment. Best recovery 

environment for EIA is standard 

temp environment. 
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Argyros, G.J., Phillips, Y.Y., Rayburn, 

D.B., Rosenthal, R.R., Jaeger, J.J. 

(1993). Water loss without heat flux in 

exercise-induced bronchospasm. 

American Review of Respiratory 

Disease. 147(6):1419-1424.  

3 EVH 

FEV1 ≥10% 

9 EIA+ 9 1 Bronchospasm can be ↓ without 

significant RHL or airway cooling – 

proportionate to amount of water 

lost from mucosal surfaces. Diurinal 

affect not allowed for 

hyperosmolarity resulting from 

mucosal dehydrationis critical event 

 

Emerging Science Studies 

Reference SIGN Challenge Condition Population JADAD Notes / Results 

Rundell, K.W., Spiering, B.A., Evans, 

T.M., Baumann, J.M. (2004). Baseline 

Lung Function, Exercise-Induced 

Bronchoconstriction, and Asthma-Like 

Symptoms in Elite Women Ice Hockey 

Players. Medicine & Science in Sports & 

Exercise. 36(3):405-410. 

 

 

 

 

3 Exercise (ice 

skating)  

FEV≥10% 

Ice Hockey 

players 

43 females 

26 

asymptomat

ic with 3 

EIA+ 

17 

symptomati

c with6 

EIA+ 

0 EIA in ice rink athletes unique 

syndrome affecting asthmatic and 

non equally. Likely triggers being 

PM’s from ice rink machines and 

high exercise ventilation exposure 
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Vizi, E., Huszár, E., Csoma, Z., 

Böszörményi-Nagy, G., Barát, E., 

Horváth, I. et al (2002). Plasma 

adenosine concentration increases 

during exercise: a possible contributing 

factor in EIB in asthma. Journal of 

Allergy and Clinical Immunology. 

109(3):446-448. 

2+ Exercise (t) 

90% 

Bloods 

No def of EIA 

9 atopic 

asthmatics 

EIA+ 

9 healthy 

controls  

18 

18 to 42 yrs 

0 EIA closely related to ↑ in ADO 

concentrations → role for 

adenosine in development of EIA 

↑ADO =↓SAO2 =↓FEV1 but ≠ 

obstruction in controls  

Csoma, Z., Huszár, E., Vizi, E., Vass, 

G., Szabó, Z., Herjavecz, I. et al (2005). 

Adenosine level in exhaled breath 

increases during exercise-induced 

bronchoconstriction. The European 

Respiratory Journal. 25(5):873-878. 

2- Exercise (t) 

90% 

Metacholine 

Skin Prick/EBC 

No def of EIA 

10asthma (7 

EIA+) 

8 healthy 

controls 

18 

Adults 

0 EIA associated with ↑adenosine in 

EBC. Causal relationship not 

established. Increase was related 

to degree of bronchospasm. 

May only have been 7 in study 

paper not clear. 

Kanazawa, H., Hirata, K., Yoshikawa, J. 

(2002). Involvement of vascular 

endothelial growth factor in exercise 

induced bronchoconstriction in 

asthmatic patients. Thorax. 57(10):885-

888. 

. 

2- Exercise (t) 

90% 

No def of EIA 

23 Asthma 

11 Healthy 

controls 

34 adults 0 Increased production of VEGFin 

asthmatic airways in pathogenesis 

of EIA via increased airway 

vascular permability 

 

Diurinal variation allowed for. 
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Kanazawa, H., Asai, K., Hirata, K., 

Yoshikawa, J. (2002).  Vascular 

Involvement in Exercise-Induced Airway 

Narrowing in Patients with Bronchial 

Asthma. Chest. 122(1):166-170. 

 

2- Exercise  (t) 

90% 

Metacholine 

FEV≥20% 

Sputum 

Bloods 

25 Asthma 

(12 EIA+ 13 

EIA-) and 12 

healthy 

controls 

37 0 Increased vascular permability via 

excessive NO production correlates 

with severity of EIA in asthmatics 

de Gouw, H.W., Diamant, Z., Kuijpers, 

E.A., Sont, J.K., Sterk, P.J. (1996). Role 

of neutral endopeptidase in exercise-

induced bronchoconstriction in 

asthmatic subjects. Journal of Applied 

Physiology. 81(2):673-678. 

1+ Exercise (b) 

Histamine 

Challenge 

Skin prick 

FEV1 ≥15% 

A +EIA 

Non smoking 

Atopic  

13 adults 4 Steroids≠6 mths 

NEP inhibition by thiorphan ↓ EIA 

during recovery period 

NEP substrates e.g VIP +ANP ↓ 

EIA in asthmatics 

Valero, A., Serrano, C., Valera, JL., 

Barbera, A., Torrego, A., Mullol, J., 

Picado, C. (2005). Nasal and bronchial 

response to exercise in patients with 

asthma and rhinitis: the role of nitric 

oxide. Allergy. 60(9):1126-1131. 

. 

3 Exercise 80 to 

90% 

unknown 

FEV≥15% 

Asthma and 

rhinitis 

24 adults 

17 EIA+ 

7 EIA- 

0 Nasal and bronchial response to 

exercise different in rhinitis and 

asthma. Increase in volume and 

decrease in FEV respectively. No 

relationship between nNO and eNO 

and values post exercise 

 

 



101 

Appendix 3 - Glossary 

 
Albuterol: An asthma medication (see beta2-agonist). 

Allergen: A substance (such as a food or pollen) that your body perceives as 

dangerous and that can cause an allergic reaction 

Allergic asthma: A chronic, inflammatory disorder of the airways characterized by 

wheezing, breathing difficulties, coughing, chest tightness, wherein these symptoms 

are caused by an allergic reaction to an inhaled allergen, rather than an irritant or 

other non-allergy factor. (See "non-allergic asthma") 

Allergic rhinitis: Medical term for hay fever, a condition due to allergy that mimics a 

chronic cold. Many substances cause the allergic symptoms in hay fever. Allergic 

rhinitis is the correct term for this allergic reaction.  

Allergy: An exaggerated response to a substance or condition produced by the 

release of histamine or histamine-like substances in affected cells 

Alveoli: Small, thin-walled sacs located at the end of the smallest airways in the 

lungs. The exchange of oxygen and carbon dioxide takes place in the alveoli. 

Anticholinergics: A medicine that opens the airways by relaxing the muscle bands 

that tighten around the airways. Anticholinergics do not provide immediate relief, but 

can be used to help quick relief medicines during an asthma episode. 

Antihistamine: Medicine that stops the action of histamine, which causes symptoms 

of allergy such as sneezing, itching and swelling 

Anti-inflammatory: Medicine that reduces inflammation (swelling in the airway and 

mucus production) 

Asthma: A disease of the airways or branches of the lung (bronchial tubes) that 

carry air in and out of the lungs. Asthma causes the airways to narrow, the lining of 

the airways to swell, and the cells that line the airways to produce more mucus. 
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These changes make breathing difficult and cause a feeling of not getting enough air 

into the lungs. Common symptoms include cough, shortness of breath, wheezing, 

chest tightness, and excess mucus production. 

Atopy: This is the tendency to develop an allergy. It does not necessarily mean you 

will develop the allergy, but if you are atopic you have the tendency to do so. Allergic 

conditions include eczema and hay fever as well as asthma. 

Basophils:  are the least common of the granulocytes, representing about 0.01% to 

0.3% of circulating leukocytes (white blood cells). They contain large cytoplasmic 

granules which obscure the cell nucleus under the microscope.  Storese histamine, a 

chemical that is secreted by the cells when stimulated in certain ways (histamine 

causes some of the symptoms of an allergic reaction). Like all circulating 

granulocytes, basophils can be recruited out of the blood into a tissue when needed. 

Beta2-agonists: A bronchodilator medicine that opens the airways of the lung by 

relaxing the muscles around the airways that have tightened (bronchospasm). These 

medicines might be short-acting (quick relief) or long-acting (control) medicines. 

Short-acting beta2 agonists are the medicines used to relieve asthma symptoms 

when they occur and are considered "rescue" medicines. 

Bronchial tubes: Airways in the lung that branch from the trachea (windpipe) 

Bronchoalveolar Lavage (BAL): Bronchial and alveolar washings acquired during 

bronchoscopy. 

Bronchodilator: A medicine that opens the airways by relaxing the muscle bands 

that tighten around the airways. Bronchodilators also help clear mucus from the 

lungs. 

Bronchioles: The smallest branches of the airways in the lungs; bronchioles connect 

to the alveoli (air sacs). 
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Bronchoconstriction: This is tightening of the muscles (constriction) around the 

airways (called bronchi or bronchioles) which occurs in asthma. This constriction 

narrows the airways. You may hear it referred to as bronchospasm. 

Bronchospasm: The tightening of the muscle bands that surround the airways, 

causing the airways to narrow 

Corticosteroids: Corticosteroids primarily decrease or prevent inflammation. They 

are the most common and effective drugs used for long-term daily control of asthma 

(prevention of symptoms).  

Cromolyn: An anti-inflammatory drug that may be used on a daily basis to prevent 

symptoms of asthma. 

Cystic fibrosis: A serious genetic disease of excretory glands, affecting lungs and 

other organs; it causes production of very thick mucus that interferes with normal 

digestion and breathing 

Dehydration: excessive loss of water. 

Diurnal Variation: In the context of asthma, this is the difference between how wide 

the airways in the lungs are if measured twelve hours apart. Airways narrow and 

open naturally over each 24 hour period even in people who do not have asthma. In 

people with asthma, the variation is much greater. Generally the greater the diurnal 

variation the more unstable the person's asthma. Diurnal variation is usually 

measured in asthma by taking morning and evening peak flow readings.  

Dyspnoea: Shortness of breath 

Eicosanoid: physiologically active substances derived from arachidonic acid, 

including the prostaglandins, leukotrienes, and thromboxanes 

Eosinophils and eosinophil catonic protein (ECP): Eosinophils are major effector 

cells in the inflammatory response. ECP is a basic secretion protein involved in the 

immune response system. ECP levels in biological fluids are an indicator of 
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eosinophil-specific activation and degranulation and are currently used for the clinical 

monitoring and diagnosis of inflammatory disorders 

Epithelium:  is a tissue composed of a layer of cells. Epithelium lines both the 

outside (skin) and the inside cavities and lumen of bodies. The outermost layer of our 

skin is composed of dead stratified squamous, keratinized epithelial cells. 

Eucapnic Voluntary Hyperventilation (EVH): A test used to identify and study 

patients with EIA without the requirement for an exercise challenge where subjects 

breathe a compressed gas mixture at a predetermined rate for six minutes. 

Exacerbation: Worsening 

Exhalation: Breathing air out of the lungs 

Exhaled Breath Condensate (EBC): a noninvasive method for obtaining samples 

from the lungs. EBC contains large number of mediators including adenosine, 

ammonia, hydrogen peroxide, isoprostanes, leukotrienes, nitrogen oxides, peptides 

and cytokines. Concentrations of these mediators are influenced by lung diseases 

and modulated by therapeutic interventions 

Forced Expiratory Volume (FEV1): The maximum amount of air expired in one 

second. 

Gastroesophageal reflux (acid reflux): A disease that causes heartburn when acid 

from the stomach flows up into the throat. Acid reflux can trigger asthma and make it 

harder to treat. 

Granulocytes: Any of a group of white blood cells having granules in the cytoplasm 

Histamine: A naturally occurring substance in the body that causes allergic reactions 

(redness, itching, and swelling) of the nose and eyes. This reaction can also occur in 

the lung, causing the airways to narrow. 

Humidification: The act of moisturizing the air with molecules of water 
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Humidity: the level of moisture in the atmosphere, which varies with the 

temperature. The percentage is usually represented in terms of relative humidity, with 

100% the point of air saturation, or the level at which the air can absorb no additional 

water. 

Hyperemia: the increase of blood flow to different tissues in the body. It can have 

medical implications, but is also a regulatory response, allowing change in blood 

supply to different tissues through vasodilation. 

Hyperventilation: Excessive rate and depth of breathing 

Hypoanemia: Insufficient oxygenation of arterial blood. 

Inspiratory Stridor: A harsh, high-pitched sound in inhalation or exhalation. 

together to protect your body from threats and protects against infections and foreign 

substances. 

Intrinsic asthma: symptoms which do not seem to be brought on by anything 

external are said to be non-allergic or intrinsic asthma. More common in people who 

develop asthma for the first time in adulthood. 

Inflammation: The body's response to some kind of injury. Inflammation In the lungs 

can swell the airways, tighten the airway muscles, and increase the amount of mucus 

that the airways produce. In asthma the linings of the airways become over-reactive 

and inflamed.  

Irritants: Things that bother the nose, throat, or airways when they are inhaled; 

irritants do not include allergens 

Leukotriene: One of a group of hormones that cause the symptoms of hay fever and 

asthma. Derived from arachidonic acid, the leukotrienes act by mediating immediate 

hypersensitivity. Leukotriene modifiers that prevent the production or action of 

leukotrienes are used to treat hay fever and asthma. 
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Leukotriene modifier: A class of medications used in asthma and allergies to block 

the action of leukotrienes in the body and prevent the common symptoms of an 

allergic reactions and asthma. Leukotrienes occur naturally in the body, and cause 

tightening of airway muscles, and production of excess mucus and fluid. 

Macrophage: Any of the large phagocytic cells of the reticuloendothelial system 

Myeloperoxidase: is a peroxidase enzyme most abundantly present in neutrophil 

granulocytes (a subtype of white blood cells). It is a lysosomal protein stored in 

azurophilic granules of the neutrophil. MPO has a heme pigment, which causes its 

green colour in secretions rich in neutrophils, such as pus and some forms of mucus. 

Mast cell: is a resident cell of several types of tissues and contains many granules 

rich in histamine and heparin. Although best known for their role in allergy and 

anaphylaxis, mast cells play an important protective role as well, being intimately 

involved in wound healing and defence against pathogens.  

Metalloproteinases: is one of a family of enzymes from the group of proteinases 

that function as key molecules in development, repair, and in the pathogenesis of 

diseases such as cancer, arthritis, cardiovascular and neurological disorders. 

Methacholine Challenge Test: is a medical test used to assist in the diagnosis of 

asthma. 

Mucus: This is a substance produced by certain cells (the building bricks of the 

human body) lining different parts of the body. In asthma, there is often too much 

mucus produced by the cells lining the airways; this is a direct result of the 

inflammation which is present. This mucus, which is often coughed up, can be much 

harder than normal, and can contribute to the narrowing of the airways in asthma. 

Nebulizer: A machine that changes liquid medicine into fine droplets (in aerosol or 

mist form) that are inhaled through a mouthpiece or mask.  
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Neutral Endopeptidase:  synthesized by tracheobronchial epithelium, this is an 

important enzymatic regulator of airway neuropeptides which stimulate increased 

vascular permeability and smooth muscle contraction. 

Neutrophil granulocytes: generally referred to as neutrophils, they are the most 

abundant type of white blood cells and form an integral part of the immune system. 

They are normally found in the blood stream. However, during the acute phase of 

inflammation, particularly as a result of bacterial infection, neutrophils leave the 

vasculature and migrate toward the site of inflammation in a process called 

chemotaxis. They are the predominant cells in pus, accounting for its 

whitish/yellowish appearance. Neutrophils react within an hour of tissue injury and 

are the hallmark of acute inflammation 

Non-allergic asthma: A chronic, inflammatory disorder of the airways characterized 

by wheezing, breathing difficulties, coughing, chest tightness, wherein the symptoms 

are caused by an inhaled irritant or other non-allergy factor. 

Oedema: The presence of an excessive amount of fluid in or around cells, tissues or 

serous cavities of the body. 

Osmolarity: is a measure of the osmotically active particles in a solution.  

Osmosis: is the net movement of water across a partially permeable membrane 

from a region of high solvent potential to an area of low solvent potential, up a solute 

concentration gradient. It is a physical process in which a solvent moves, without 

input of energy, across a semi permeable membrane (permeable to the solvent, but 

not the solute) separating two solutions of different concentrations.  

Pathogenesis: The cellular events and reactions that occur in the development of 

disease. 

Pathophysiology: Altered functions in an individual or an organ due to disease. 
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Peak expiratory flow rate (PEF): A test used to measure how fast air can be 

exhaled from the lungs 

Peak flow: This is a measure of how hard and fast you can blow the air out of your 

lungs.   

Pollen: A fine, powdery substance released by plants and trees; an allergen. 

Pulmonary function tests (PFTs): A test or series of tests that measure many 

aspects of lung function and capacity; also referred to as lung function tests. 

Refractoriness: A period during which exercise causes less bronchoconstriction.   

RWL: Respiratory water loss plays an important role in exercise-induced asthma. 

Both airway cooling and hyperosmolarity caused by evaporative water loss stimulate 

bronchoconstriction. 

Spirometry: A basic lung function test that measures how fast and how much air can 

be breathed out of the lungs 

Sputum: Mucus or phlegm 

Steroid (also called corticosteroid): Medicine that reduces swelling and 

inflammation; it comes in pill and inhaled forms. 

Theophylline: A long-term control medicine that opens the airways to relieve and 

prevent bronchospasms 

Trachea:  The main airway (windpipe) supplying both lungs 

Triggers: Things that cause asthma symptoms to start or become worse 

Vasoconstriction:  is a narrowing of the lumen of blood vessels 

VO2peak:   Oxygen consumption at peak exercise 
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Appendix 4 – SIGN Methodology Checklists 
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METHODOLOGY CHECKLIST 2: RANDOMISED CONTROLLED TRIALS 
Study identification (Include author, title, year of publication, journal title, pages) 

  
Guideline topic: Key Question No: 
Checklist completed by: 
Section 1: Internal validity 
In a well conducted RCT study... In this study this criterion is: 
1.1 The study addresses an appropriate and clearly focused 

question. 
Well covered 

Adequately addressed 

Poorly addressed 

Not addressed 

Not reported 

Not applicable 
1.2 The assignment of subjects to treatment groups is 

randomised 
Well covered 

Adequately addressed 

Poorly addressed 

Not addressed 

Not reported 

Not applicable 
1.3 An adequate concealment method is used Well covered 

Adequately addressed 

Poorly addressed 

Not addressed 

Not reported 

Not applicable 
1.4 Subjects and investigators are kept ‘blind’ about 

treatment allocation 
Well covered 

Adequately addressed 

Poorly addressed 

Not addressed 

Not reported 

Not applicable 
1.5 The treatment and control groups are similar at the start 

of the trial 
Well covered 

Adequately addressed 

Poorly addressed 

Not addressed 

Not reported 

Not applicable 
1.6 The only difference between groups is the treatment 

under investigation 
Well covered 

Adequately addressed 

Poorly addressed 

Not addressed 

Not reported 

Not applicable 
1.7 All relevant outcomes are measured in a standard, valid 

and reliable way 
Well covered 

Adequately addressed 

Poorly addressed 

Not addressed 

Not reported 

Not applicable 
1.8 What percentage of the individuals or clusters recruited 

into each treatment arm of the study dropped out before 
the study was completed? 

  

1.9 All the subjects are analysed in the groups to which they 
were randomly allocated (often referred to as intention 
to treat analysis) 

Well covered 

Adequately addressed 

Poorly addressed 

Not addressed 

Not reported 

Not applicable 
1.10 Where the study is carried out at more than one site, 

results are comparable for all sites 
Well covered 

Adequately addressed 

Poorly addressed 

Not addressed 

Not reported 

Not  applicable 
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Section 2: Overall assessment of the study 
2.1 How well was the study done to minimise bias?  

Code ++, +, or -  

  

2.2 If coded as +, or - what is the likely direction in which 
bias might affect the study results? 

  

2.3 Taking into account clinical considerations, your 
evaluation of the methodology used, and the statistical 
power of the study, are you certain that the overall effect 
is due to the study intervention? 

  

2.4 Are the results of this study directly applicable to the 
patient group targeted by this guideline? 

  

Section 3: Description of the study (the following information is required to complete evidence tables facilitating cross-
study comparisons. Please complete all sections for which information is available). 
Please print clearly 
3.1 How many patients are included in this study? 

Please indicate number in each arm of the study, at the 
time the study began. 

 

3.2 What are the main characteristics of the study 
population? 
Include all characteristics used to identify both cases 
and controls – e.g. age, sex, social class, disease 
status, community/hospital based 

 

3.3 What intervention (treatment,procedure) is being 
investigated in this study? 
List all interventions covered by the study 

 

3.4 What comparisons are made in the study? 
Are comparisonsmade between treatments, or between 
treatments and placebo/ no treatment? 

 

3.5 For how long are patients followed-up in the study? 
Length of time patients are followed from beginning 
participation in the study. Note specified end points used 
to decide end of follow-up (e.g. death, complete cure) 
Note if follow-up period is shorter than planned.  

  

3.6 What outcome measure(s) are used in the study? 
List outcomes that are used to assess effectiveness of 
the interventions used.  

  

3.7 What size of effect is identified in the study? 
 List all measures of effect in the units used in the study 
– e.g. absolute or relative risk, NNT, etc. Include p 
values and any confidence intervals that are provided 

  

3.8 How was this study funded? 
List all sources of funding quoted in the article, whether 
Government, voluntary sector, or industry. 

  

3.9 Does this study help to answer your key question? 
Summarise the main conclusions of the study and 
indicate how it relates to the key question 
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METHODOLOGY CHECKLIST 4: CASE-CONTROL STUDIES 
Study identification (Include author, title, year of publication, journal title, pages) 
Guideline topic: Key Question No: 
Checklist completed by: 
Section 1: Internal validity 
In an well conducted case control study: In this study the criterion is: 
1.1 The study addresses an appropriate and clearly focused question  Well covered 

Adequately 
addressed 

Poorly 
addressed 

Not addressed 

Not reported 

Not applicable 

Selection of subjects 
1.2 The cases and controls are taken from comparable populations Well covered 

Adequately 
addressed 

Poorly 
addressed 

Not addressed 

Not reported 

Not applicable 

1.3 The same exclusion criteria are used for both cases and controls Well covered 

Adequately 
addressed 

Poorly 
addressed 

Not addressed 

Not reported 

Not applicable 

1.4 What percentage of each group (cases and controls) participated in the 
study? 

Cases: 

Controls: 
1.5 Comparison is made between participants and non-participants to establish 

their similarities or differences 
Well covered 

Adequately 
addressed 

Poorly 
addressed 

Not addressed 

Not reported 

Not applicable 

1.6 Cases are clearly defined and differentiated from controls Well covered 

Adequately 
addressed 

Poorly 
addressed 

Not addressed 

Not reported 

Not applicable 

1.7 It is clearly established that controls are non-cases Well covered 

Adequately 
addressed 

Poorly 
addressed 

Not addressed 

Not reported 

Not applicable 

Assessment 
1.8 Measures will have been taken to prevent knowledge of primary exposure 

influencing case ascertainment 
Well covered 

Adequately 
addressed 

Poorly 
addressed 

Not addressed 

Not reported 

Not applicable 

1.9 Exposure status is measured in a standard, valid and reliable way Well covered Not addressed 
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Adequately 
addressed 

Poorly 
addressed 

Not reported 

Not applicable 

 
Confounding 
1.10 The main potential confounders are identified and taken into account in the 

design and analysis 
Well covered 

Adequately 
addressed 

Poorly 
addressed 

Not addressed 

Not reported 

Not applicable 

Statistical analysis 
1.11 Confidence intervals are provided   
Section 2: Overall assessment of the study 
2.1 How well was the study done to minimise the risk of bias or confounding?  

Code ++, +, or -  

  

2.2 Taking into account clinical considerations, your evaluation of the 
methodology used, and the statistical power of the study, are you certain that 
the overall effect is due to the exposure being investigated? 

  

2.3 Are the results of this study directly applicable to the patient group targeted 
by this guideline? 

  

Section 3: Description of the study (Note: The following information is required for evidence tables to facilitate cross-study 
comparisons. Please complete all sections for which information is available). 
Please print clearly 
3.1 How many patients are included in this study? 

List the number cases and controls separately 
 

3.2 What are the main characteristics of the study population? 
Include all characteristics used to identify both cases and controls – e.g. age, 
sex, social class, disease status 

 

3.3 What environmental or prognostic factor is being investigated in this study? 
 

 

3.4 What comparisons are made in the study? 
Normally only one factor will be compared, but in some cases the extent of 
exposure may be stratified – e.g. non-smokers v. Light, moderate, or heavy 
smokers. Note all comparisons here. 

 

3.5 For how long are patients followed-up in the study? 
Length of time participants histories are tracked in the study  

  

3.6 What outcome measures are used in the study? 
List all outcomes that are used to assess the impact of the chosen 
environmental or prognostic factor. 

  

3.7 What size of effect is identified in the study? 
Effect size should be expressed as an odds ratio. If any other measures are 
included, note them as well. Include p values and any confidence intervals 
that are provided. 

  

3.8 How was this study funded? 
List all sources of funding quoted in the article, whether Government, 
voluntary sector, or industry. 

  

3.9 Does this study help to answer your key question? 
Summarise the main conclusions of the study and indicate how it relates to 
the key question 

  

 


