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Chapter 7

General Discussion

This thesis was built around three questions, focussing on the definition, the prediction 

and prevention of exacerbations of asthma. The research questions will be discussed and 

answered point by point in reverse order, by using the present findings from this thesis and 

the current literature.

Are we able to prevent exacerbations?
Regardless of the present studies described in chapter 5 & 6 (and much other research), 

the first intervention in preventing exacerbations remains removing modifiable risk factors. 

Smoking cessation, optimizing therapy adherence and inhalation technique and remain the 

cornerstones of exacerbation prevention.1 These interventions are likely to have more success 

when there is periodical reassessment and continuity in delivery of care. Moreover, reducing 

risk factors like obesity and smoking also has benefits on other domains than asthma.

The other cornerstone in preventing exacerbations is gaining and maintaining current symp-

tom control.2,3 In the literature however, two levels of controlled asthma (ACQ<1,5) are dis-

tinguished: well-controlled asthma (ACQ < 0.75) or partly controlled asthma (ACQ 0.75–1.5). 

This thesis (chapter 6) demonstrates that, in patients with controlled asthma, a higher level 

of symptom control does not seem to reduce the risk of exacerbations. Patients treated 

by aiming for partly controlled asthma had similar exacerbation rates than those in whom 

well-controlled asthma was the treatment goal; both exhibiting 0.29 exacerbations/patient/

year with overlapping confidence intervals. Aiming for well-controlled asthma with the help 

of fractional exhaled nitro-oxide (FeNO) reduced this risk to 0.19 exacerbations/patient/year, 

although the difference with 0.29 was not statistically significant. The added value of using 

this biomarker in preventing exacerbations remains unsettled. Systematic reviews concerning 

this topic are equivocal: a Cochrane systematic review comparing asthma treatment tailored 

by FeNO versus clinical symptoms yielded a reduction in exacerbations of 41% (Relative Risk 

0.59 95%CI 0.45-0.77).4 However, another systematic review found a statistically insignificant 

reduction of 11% (Relative Risk 0.89 95%CI 0.43-1.72). Essat and collaborators concluded 

largely on the same studies that there was hardly any difference.5 Different exacerbation 

outcomes may explain a part of this difference, which will be discussed later.

Current guidelines recommend to treat patients with asthma with increasing doses of 

inhaled corticosteroids and long-acting beta-agonists in a step-wise approach.1 This thesis 

demonstrates that in a general asthma population, the exacerbation rate seems to be halved 
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(compared to treatment with the reference therapy: low dose inhaled corticosteroids) by 

combining inhaled corticosteroids and long-acting beta-agonists in a single inhaler controller 

therapy, either as maintenance and reliever strategy (SMART) or in a fixed daily dose. Patients 

with an increased risk for exacerbation(s), may require therapy with combined inhalers.

A striking observation in the present comprehensive systematic literature review on long-

term asthma controller studies (chapter 6) is the small number of truly long-term studies: 

whereas asthma treatments are usually given for many sequential years, only two out of the 

64 studies assessed in the current network meta-analysis lasted longer than one year; the 

majority of the studies lasted only six months. This is worrisome, because chapter 6 confirmed 

a previous observation6 that treatment effects appear to decrease when interventions last 

longer. Although there are no known pharmacological considerations that explain decreased 

treatment effects over time, small differences in side effects may influence long-term therapy 

adherence, and subsequently treatment effect.

In this thesis we studied general, (unselected) asthma populations when searching for the 

optimal strategy to prevent exacerbations: by targeting two levels of asthma control and by 

comparing currently available controller strategies. If the optimal controller treatment with 

conventional medication is applied, clinicians may have to assess individually tailored options 

to accomplish further reduction of the exacerbation rate. Adjusting treatment to airway 

inflammatory markers, like FeNO and sputum eosinophils, reduces the exacerbation risk.7 

During the last decades, new therapies have emerged. Monoclonal antibodies targeted to 

block specific cytokine pathways have proven successful in preventing exacerbations. Initially 

studies on anti-IL-5 agents did not demonstrate clinical benefits in unselected populations of 

patients with asthma.8,9 However, in patients with severe eosinophlic asthma these agents 

(mepolizumab, reslizumab and benralizumab) appeared to reduce the number of exacerba-

tions by 50%.10 A similar effect on the reduction of exacerbations was observed in patients 

with uncontrolled severe allergic asthma treated with omaluzimab, an anti-IgE monoclonal 

antibody. 11 More promising therapies are currently in the pipeline, like anti-IL-1312 and/or 

anti-IL-413 therapies. Quantitative benefit-harm assessment can be used to assess the benefits 

of these agents.14 Subsequently, predictive modelling may assist clinicians, besides identifying 

patients at risk for exacerbations, to apply these, usually expensive therapies to patients that 

benefit most from these (personalised) interventions.15,16

7
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Conclusion

It appears sufficient to reduce exacerbations by steering at partly controlled asthma with 

ACQ < 1.5. Aiming at well-controlled asthma (ACQ < 0.75) does not further reduce the 

exacerbation rate. The preferred controller therapy for this seems a single inhaler ICS/LABA 

combination therapy, either in a fixed daily dose or in a SMART regimen. Further reduction 

of exacerbations may be accomplished by targeted interventions on the individual patient’s 

dominant exacerbation pathway.

How well can we predict exacerbations?
This study (chapter 3 and 4) demonstrates that predicting exacerbations in individual pateints 

with asthma is possible, although the currently available prediction models for exacerbations 

need improvement. Based on simple parameters, that can easily be obtained in a primary care 

setting, there is a reasonable predictive power (area under the receiver operating characteris-

tic curve (AUROC) 0.77-0.79). A proper history-taking suffices to obtain essential predictors. 

The increase of predictive capacities by adding other (more time-consuming and expensive) 

tests, like skin-prick tests,17 spirometry18 and FeNO,18,19 appears to be modest. Another finding 

of this thesis (chapter 4) is that most models designed to predict exacerbations in patients 

with asthma are based on one or more of the following three predictors: 1) a history of recent 

exacerbations, 2) decreased spirometry values and 3) increased symptoms. These variables 

should form the basis of any (future) model that predicts exacerbations of asthma.

One of the goals of developing and appraising prediction models is to improve decision-mak-

ing. To be clinically useful, models should have a minimum level of predictive capacities, 

usually measured in terms of discrimination and calibration. There are no clear cut-offs 

to discriminate, however, an AUROC of 0.7-0.8 is usually regarded the minimum level for 

models to be used in clinical practice.20 Thus, most of the prediction models identified in 

chapter 4 did not reach a satisfactory discrimination, certainly not on external validation. 

The better the discrimination, the better the identification of patients with an increased 

risk for exacerbations. It needs to be questioned at which costs this should be achieved. 

Availability of predictors is important in this: a standardised questionnaire that can be filled 

out in minutes with an AUROC of 0.68 might be preferable to adding eosinophil cell count 

obtained by induced sputum with an (hypothetical) AUROC of 0.85. The latter is expensive, 

time-consuming and causing discomfort to patients. Current models need improvement, 

preferably by a marker which is easy to obtain.
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Calibration also needs improvement: most models demonstrated only a modest calibration. 

Nevertheless, some of these models may be suitable for clinical practice anyway. What 

matters is the calibration around decision points. Consider the ACCURATE model: on exter-

nal validation, it demonstrates significant underprediction (estimating risks too low) in the 

high-risk groups (when the predicted risk is over 60%, the model predicts lower risks than 

observed). In clinical practice however, this will not affect decision-making: at any risks above 

this threshold the practitioner would probably already have increased therapy in order to 

prevent exacerbations. Research on establishing these decision points may benefit clinical 

practice more than developing more prediction models. If one or more of the models identi-

fied in chapter 4 has sufficient calibration in this specific risk area, the construction of more 

prediction models does not seem to be necessary. Quantitative benefit-harm assessment may 

assist in pointing future research that improves clinical decision-making.21 More sophisticated 

techniques become available to assess the external validity of prediction models, like the use 

of individual patient data and techniques derived from network meta-analyses.22

Finally, it should be assessed whether the use of model(s) actually improves decision-making 

and patient outcomes. At present, models are hardly used and clinicians make an estimation 

based on a variable number of factors. It is not known whether clinicians are able to make 

reliable estimations, and if they do, whether such risk estimations will result in appropri-

ate consequences. Examining this would require a complex prospective study comparing 

common clinical practice against (simple) prediction models.

Some previous studies reported on predicting two or more exacerbations.23,24 These studies 

were not included in the present external validation study (chapter 4), as they reported on 

odds ratios. Unsurprisingly, these models reached high predictive capacities, as extremes 

seem easier to predict. Predicting >=2 or >=4 exacerbations resulted in an AUROC of 0.79 

and 0.87 respectively with the same variables.23 There might be a very good reason to predict 

two or more exacerbations. All patients with asthma, controlled or uncontrolled, mild or 

severe, have a certain background risk to experience an exacerbation every once in a while; 

bad luck with presumably a coincidence of allergen exposure and a viral infection. However, 

there are groups of patients suffering from exacerbations regularly (frequent exacerbators). 

Hence, a small number of patients accounts for the majority of the exacerbations.25 These 

patients exhibit specific risk factors26 and exacerbation rates of these patients seem preserved 

for a prolonged time.27 This implies that it is more than just bad luck: it points towards an 

intrinsic problem in these hosts. Predicting which patients are prone to experience multiple 

7
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exacerbations seems to be similar to identifying patients with an exacerbation prone pheno-

type.28 For these patients in particular, targeted interventions prove worthwhile.29

Usually, prediction is performed by developing prediction equations, in which the chance 

of an event is estimated by calculating the sum of the products of variable values with a 

weight factor. This approach has a disadvantage: the course of asthma (symptom control, 

spirometry values) is variable. In prediction however, these variables are usually assessed 

on a single (baseline) moment. Other approaches have been suggested in predicting exac-

erbations. Tharmin30 and colleagues predicted exacerbations using individual conditional 

probabilities: predicting nearby PEF falls by using knowledge of a preceding period of daily 

PEF variation. Decreases in PEF of 80% in patients participating in two separate trials were 

predicted quite accurately (AUROC 0.85 (study A) and 0.79 (study B)). Predicting clinically 

defined exacerbations (systemic corticosteroid courses for study A, and PEF fall criteria or at 

investigator’s discretion for study B) turned out to be more difficult: AUROC 0.66 and 0.61, 

respectively. Another attempt worth mentioning is by Finkelstein31 and colleagues, using 

three different machine learning algorithms to predict exacerbations on day eight after seven 

days of observation, based on PEF-values obtained by tele-monitoring. AUROC’s appeared to 

be high: 0.83, 0.89, and 0.88 respectively. A similar approach using home measured airway 

resistance measurements (forced oscillation techniques) yielded even better discrimination 

(AUROC 0.94).32

Although the results of these and other comparable studies using machine-learning algo-

rithms on individual patient data are promising, this approach has two limitations. First, a 

lot of data is necessary before an algorithm produces reliable predictions. Patients have to 

record clinical measurements at least once daily for a prolonged period: in the first study only 

69 out of 139 patients had sufficient data for predictions. This problem may be resolved by 

using currently-available technology: applications on mobile devices may decrease the effort 

to collect and record and even analyse the necessary data. A second limitation is the short 

prediction horizon. The models assessed in this thesis are intended to estimate long-term 

outcomes; 30 days is too short for this purpose. The seven days prediction window might 

even raise the question whether it concerns early detection rather than prediction of an 

exacerbation, as we know that patients typically have experienced symptoms for several days 

before consulting a physician.
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Conclusion:

It is possible to predict exacerbations, even with items simply obtained by history-taking. 

Nevertheless, improvement is necessary to reliably identify patients at risk for exacerbations. 

Therefore, a core set of three predictors, namely previous exacerbations, symptoms and 

spirometry values should be extended. Better predictive capacities can also be obtained by 

predicting patients at risk for multiple exacerbations, with the advantage of identifying those 

patients that probably benefit most from targeted interventions.

Definition of asthma exacerbations
Finally, on defining asthma exacerbations: is the currently proposed standard definition for 

(severe) exacerbations of asthma33 adequate for clinical research purposes? Two systematic 

reviews in this thesis encountered serious problems comparing study results. In the study on 

external validation of prediction models (chapter 4), variation regarding the predicted exac-

erbation outcomes urged us to validate by using two outcomes: exacerbations as defined by 

the original authors and the ATS/ERS defined exacerbations. Although the latter outcome 

facilitates the comparison of predictive capacities of the identified models, most models were 

not designed to predict this outcome. The network meta-analysis comparing trial outcomes 

(chapter 6) was also hampered by the heterogeneity of reported outcomes. Not only the 

definitions of exacerbations were different, also the reporting units were divergent: some 

authors reported on exacerbation rates, whether or not corrected for patient participation 

duration, whereas others reported on exacerbation numbers or patients with exacerbations 

or time to first event. This problem was partly solved by recalculating the outcomes, for 

example by summing up the number of corticosteroid courses, emergency department visits 

and hospitalisations, which was only possible when outcomes were reported properly. A 

large part of the studies was published before 2009, before the publication of the proposed 

standardised ATS/ERS33 definition. And even though some of the studies published after 

2009 adhered to the ATS/ERS definition, some still did not.

It should be acknowledged that it is not always possible to completely adhere to the pro-

posed definition. The ACCURATE trial for example, was a primary care-based trial, in which 

we could identify prescriptions of corticosteroids, and (self-reported) emergency department 

visits and hospitalisations, but not whether steroids were administered during these sec-

ondary care utilizations. Due to the Dutch healthcare system, in which the primary care 

practitioner acts as a gatekeeper to secondary care, we assumed that these patients received 

systemic steroids.

7
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Since its publication, the ATS/ERS statement has been cited by at least 40 studies (March 2018) 

reporting on randomised controlled trials, usually declaring to have adhered to the proposed 

definition. A considerable part of the recent publications however, uses alternative definitions 

for exacerbations. A recent observation34 is also somewhat disturbing: operationalization of 

exacerbation outcomes of clinical trials on monoclonal antibodies which were identified in a 

trial registry (clinical.trials.gov) appeared to be inconsistent between studies, and not in line 

with the standard ATS/ERS recommendation. Thus, even future planned trials designed to 

assess efficacy of (expensive) novel markers regularly do not adhere to the recommended 

exacerbation definition. It might raise the question, why do these investigators not adhere 

to the proposed definition? It does seem odd that millions of public or private funds are 

spent on heterogeneous outcomes hampering proper research synthesis. One could become 

cynical: stakeholders (e.g. pharmaceutical companies) may benefit from selective outcome 

reporting and/or results that cannot be compared to agents produced by competitors. On 

the other hand, outcomes in prediction research (usually non-commercially funded) do not 

perform better in uniform reporting. In addition, other non-commercially sponsored studies 

like the Best Adjustment Strategy for Asthma in the Long Term (BASALT) study35 also apply 

different definitions of exacerbation outcomes. In this particular study, exacerbations were 

defined as: “unscheduled medical contact for increased asthma symptoms that results in 

use of oral corticosteroids, increased inhaled corticosteroids, or additional medications for 

asthma”, as a part of the primary outcome “treatment failure”, mimicking combined ATS/

ERS-defined moderate and severe exacerbations. A recent non-industrial trial explains their 

choice for their definition (treatment with systemic glucocorticosteroids or an unscheduled 

health care consultation for asthma) as directly relevant to trial participants.36

Apparently there are ongoing attempts to redefine or operationalise exacerbation outcomes 

that have been proposed. This might raise the question whether the current ATS/ERS defi-

nition is insufficient. However, the newly proposed definitions or operationalisations do not 

differ essentially from the task force definition (table 1).

Fuhlbrigge37 et al chose not to define moderate or severe exacerbations, as a clear discrim-

ination is lacking; for a similar reason the ATS/ERS abandoned the term mild exacerbation, 

which is hard to discriminate from loss of control. Although GINA39 lists several signs which 

discriminate between (mild or) moderate and severe exacerbations (agitation, ability to talk in 

sentences, use of accessory muscles, respiratory and pulse rate, oxygen saturation and PEF),39 

in clinical practice this discrimination relies on the clinical judgement of the practitioner, and 

therefore probably includes a considerable subjectivity.
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Besides alternative definitions, some new terms mimicking, or including moderate or severe 

exacerbations were identified, such as subacute lack of asthma control (SALAC, defined as 

more than 4 asthma outpatient visits or more than 5 short-acting beta2-agonist (SABA) 

prescriptions per year)40 and the CompEx41. The latter is a composite outcome, based on a 

deviation of daily peak expiratory flow, reliever use, symptoms and/or severe exacerbations. 

It was intended as a novel end-point in order to shorten trials that require fewer patients by 

increasing the number of events. The authors justly include also episodes not warranting 

systemic corticosteroid, as these events are also troublesome to patients. Nevertheless, short-

ening of trials may give a too optimistic treatment effect, as just discussed in the prevention 

section.

A recent statement on airways diseases42 declared the word exacerbation inadequate because 

it does not discriminate between loss of control and severe asthma attacks.

Table 1 ATS/ERS definitions compared to new proposed definitions

Author Severity Definition

Reddel[33] severe Use of systemic corticosteroids (tablets, suspension, or injection), or an increase 

from a stable maintenance dose, for at least 3 days.

Fuhlbrigge[37] unspecified An exacerbation is a worsening of asthma requiring the use of systemic 

corticosteroids (or for patients on a stable

maintenance dose, an increase in the use of systemic corticosteroids) to prevent a 

serious outcome.

Reddel[33] moderate one or more of the following: deterioration in symptoms, deterioration in lung 

function, and increased rescue bronchodilator use. These features should last for 

2 days or more, but not be severe enough to warrant systemic corticosteroid use 

and/or hospitalization.

Virchow[38] moderate >=1 of the following criteria combined with a change in treatment:

a) nocturnal awakening(s) due to asthma requiring SABA for 2 consecutive nights 

or an increase of 0.75 from baseline in daily symptom scores on 2 consecutive 

days; b) increase from baseline in occasions of SABA use on 2 consecutive days 

(minimum increase: 4 puffs/day); c) 20% decrease in PEF from baseline on at least 

2 consecutive mornings/evenings or 20% decrease in FEV1 from baseline d) visit 

to the emergency room/trial site for asthma treatment not requiring systemic 

corticosteroids.

Conclusion

Since its publication, the ATS/ERS task force-proposed definition33 on exacerbations was not 

adopted by a considerable number of the studies, and there are signs that some future 

studies will also not adopt it. Alternative definitions and terms have been proposed however, 

those appear to be largely similar but not identical, thereby causing even more confusion.

7
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Personal perspective

I will end this thesis with a personal vision on this subject. It was deliberately separated from 

the previous discussion, because as I mentioned earlier, more proposed definitions will not 

clear this issue, but just cause more confusion.

First of all, there should be a more prominent role for editors of medical journals; especially 

those of the ERJ, the AJRCCM and other journals related to professional societies (for exam-

ple the ERS and the ATS). Although editors are independent from these societies, they have 

the ability to enforce the use of the definitions as proposed by their professional societies. 

No adherence should imply no publication, similar to trials that have not been registered 

prospectively in a trial database. It seems to be odd that aforementioned journals allow 

confusion on outcomes while their professional society proposed a solution.

Subsequently, my perspective on the definition of asthma exacerbations. According to the 

Dutch dictionary “Van Dale”, a definition is a concise description of characteristics of a 

notion, so that it cannot be confused with another notion. The description of characteristics 

thus needs to discriminate different notions. The inability to discriminate between notions 

was previously a reason to abandon mild exacerbations33 or severity of exacerbations at all.37 

The definition of exacerbation itself does not seem to be the problem, as the same elements 

keep appearing, although in a slightly different form.

What should we discriminate?
In the spectrum of asthma symptom control, we have different states: 1) controlled asthma 2) 

uncontrolled asthma, 3) moderate exacerbation and 4) severe exacerbation (figure 1). Discrimi-

nation between controlled asthma and all other states is clinically relevant: any lasting change 

from this state should trigger a change of treatment regimen, either by non-pharmaceutical 

interventions or by an increase of treatment intensity. The second discrimination is a severe 

exacerbation from the other states: it concerns an urgent care situation that needs immediate 

action in order to prevent (further) harm. It is clear that uncontrolled asthma and moderate 

exacerbations are different notions. They have different characteristics, regarding the clinical 

course and PEF variability. However, one may wonder whether this discrimination is relevant in 

clinical practice. Both (lasting) uncontrolled asthma and moderate exacerbations should lead 

to a change in treatment within the regular spectrum (e.g. increasing treatment-intensity), 

which can be accomplished during scheduled consultations. Discrimination between loss of 

control and a moderate exacerbation on clinical signs is difficult and an exacerbation includes 
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loss of control by definition. So actually there are two important discriminations in clinical 

practice: the first is between the clinical target state (controlled asthma) and the state that 

requires an increase of treatment intensity to return to the controlled state and the second in 

which urgent intervention is warranted.

Figure 1 Notions related to asthma symptoms

How should it be defined?

Controlled asthma, “the extent to which the manifestations of asthma have been reduced or 

removed by treatment”, is a state with hardly any or no symptoms and a low risk of future 

exacerbations:43 this definition has hardly been discussed since its publication. Definitions of 

exacerbations however, have almost continuously been under debate during the last decade, 

but remained unchanged content-wise since 2009. A considerable part of patient suffering 

of asthma symptoms is not due to (the relatively less frequent) severe exacerbations. In the 

majority of the events in which patients have clearly lost control of their asthma, patients 

suffer from symptoms and limitations that do not warrant systemic corticosteroids. The ATS/

ERS’ “moderate exacerbation” would fit this state. As the goals of treating asthma (gaining 

and maintaining control) are clear, treatment failure would be a more suitable term for the 

state beyond controlled asthma. It should be emphasized that this term “treatment failure” 

indicates that there is room for improvement rather than suggesting incompetency of the 

practitioner or non-adherence of the patient. Severe exacerbations, or as some prefer asthma 

attacks, are a state in the end of this continuum, which require urgent action in order to 

prevent harm. The current definition as proposed by the ATS/ERS seems sufficient.

How should it be operationalized?

Operational definition of exacerbation has been a problem: authors seem to agree that an 

exacerbation concerns an episode of increased symptoms warranting urgent care. Never-

theless they tend to choose their own operationalisations for exacerbations, making them 

incomparable to other exacerbation outcomes. Any operationalisation should preferably be 

7
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objective rather than subjective to prevent confusion, and ideally prospective, so that it can 

be used to guide treatment decisions in clinical practice.

1) Controlled asthma

For symptom control several instruments are available, such as the ACQ and ACT. Low risk 

of exacerbation can (should) be assessed with a risk score system. Examples of instruments 

discriminating between patients with low and high risk of exacerbations that may be used are 

the ones presented in chapter 3, the Risk Score for Exacerbations44 or the Profile of Asthma 

Risk.45 A cut-off value discriminating between low and high exacerbation risk, indicating a 

change of treatment is not available yet, but a Delphi survey or a quantitative harm-benefit 

analysis14 might offer a first step towards it.

2) Treatment failure

This state beyond the state of controlled asthma, should be assessed for symptoms alone, 

as future risk on exacerbations is very dependent on phenotype, which may not be treated. 

Operationalisation according to a moderate ATS/ERS33 (or Virchow38) defined exacerbation 

seems to be sufficient; the minimum two-day existence of symptoms should prevent 

over-treatment for transient loss of control.

3) Severe exacerbation

At present, we are not ready to abandon the need of prescriptions of systemic corticosteroids 

for defining (severe) exacerbations. The problem remains that exacerbations are established 

in a late stage where patients are looking for help (figure 2, zone C). There have been 

efforts to identify exacerbations at an earlier stage (zone B), using diary registrations of PEF 

decreases46,47 and/or symptoms.48 These two variables probably need to be combined, as 

merely PEF-defined exacerbations appear to arise later than symptoms48 and thereby can 

even be missed completely.46 As mentioned before, recording these variables on mobile 

devices probably increases registration adherence, and this input may be used to construct 

a prospective definition of severe exacerbation by using previously discussed prospective 

models31,32 as diagnostic models. An example of such a study is ongoing.49

Ideally, detection of exacerbations should be established in zone A, before patient suffering 

and absenteeism from daily activities have started. But even when it is possible (for example 

with biomarkers or –omics technologies), it will require constant monitoring of patients free 

of symptoms.
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Figure 2 Schematic course of an exacerbation

Summary of findings
In this thesis we aimed to assess whether the currently recommended definition of asthma 

exacerbations is sufficient for use in clinical studies.

 > In Chapter 2 we observed that definitions for exacerbations contain different 

elements: there is no commonly accepted definition for an asthma exacerbation.

 > In Chapter 4 and Chapter 6 we demonstrated that research synthesis is seriously 

hampered by using different definitions/operationalisations for exacerbations.

 > A prospective definition is warranted for use in clinical practice, 

preferably based on objective parameters to prevent confusion.

The second aim of this thesis was to determine whether exacerbations of asthma can be 

predicted accurately.

 > Simple history items can, according to Chapter 3, predict exacerbations of asthma, with 

modest added value of additional tests like spirometry or fractional exhaled nitric oxide.

 > Present models to predict exacerbations in asthma (Chapter 4) usually 

demonstrate limited reporting quality and modest predictive capacities.

 > Three items seem to be highly preserved as predictor for asthma exacerbations: 

1) symptoms, 2) spirometry and 3) a history of exacerbations.

7
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The third, and last aim was to establish the optimal symptom control and controller therapy 

to prevent exacerbations.

 > In Chapter 5 we established that steering asthma control 

beyond the level of sufficient (ACQ <=1.5) does not seem to 

have additional benefits in terms of exacerbation rate.

 > The preferred controller therapy to reduce exacerbations are, according 

to Chapter 6, combined ICS and LABA inhalers, either in a fixed daily 

dose or as single inhaler maintenance and reliever therapy.

Future research

 > The current definition for an exacerbation of asthma depends on a decision 

to prescribe systemic corticosteroids. Clear challenge for future research is to 

turn this into a prospective definition that may guide practitioners. Combining 

symptoms and PEF with self-learning techniques seems to be promising.

 > Current models and/or the present set of three clinical predictors need to be 

extended with new predictors to improve predictive properties. Besides that, 

research on the identification of cut-off points that should result in a change of 

treatment is warranted. Predicting exacerbations should focus on patients at risk for 

multiple exacerbations in order to identify phenotypes that are exacerbation prone.

 > On preventing exacerbations, development of algorithms that 

connect specific therapies to particular phenotypes of patients 

that will most likely benefit from it are desired.
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