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Asthma is a heterogeneous disease comprising of multiple phenotypes and affects patients from childhood up to old age. In this review, we summarize the current knowledge on the similarities and differences in asthma across different age-groups, with emphasis on the perspective from primary care. Despite the similar disease presentation, phenotyping studies showed that there are differences in the distribution of phenotypes of asthma presenting in childhood compared to that in adulthood. Whereas, asthma with early age of onset tends to be of the atopic phenotype, the disease shifts toward the non-atopic phenotypes at later ages. Studies within primary care patients aiming to elucidate risk factors for future asthma exacerbation have shown pediatric and elderly patients to be at higher risk for future asthma attacks compared to other adult patients. Regardless, both pediatric and adult studies demonstrated previous asthma episodes and severity, along with high blood eosinophil to predict subsequent asthma attacks. Differences in childhood and adult asthma are not limited to the underlying phenotypes but also extends to the challenges in the diagnosis, treatment, and management of the disease. Diagnosis of asthma is complicated by age-specific differential diagnoses such as infectious wheezing and nasal obstruction in children, and aging-related problems such as heart disease and obesity in the elderly. There are also age-related issues leading to decreased disease control such as non-adherence, tobacco use, difficulty in using inhalers and corticosteroid-related side effects which hinder asthma control at different patient age-groups. Several clinical guidelines are available to guide the diagnosis and drug prescription of asthma in pediatric patients. However, there are conflicting recommendations for the diagnostic tools and treatment for pediatric patients, posing additional challenges for primary care physicians in working with multiple guidelines. While tools such as spirometry and peak flow variability are often available in primary care, their usage in preschool patients is not consistently recommended. FeNO measurement may be a valuable non-invasive tool which can be adopted by primary physicians to assist asthma diagnosis in preschool-age patients.
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INTRODUCTION

The term “asthma” encompasses1 heterogeneous phenotypes of conditions sharing similar symptoms yet different underlying causes and prognosis (1, 2). Depending on the age of presentation, symptoms of asthma may represent different phenotypes of the disease, each with its own challenges in the diagnosis, management, and treatment. A better understanding of the different subsets of asthma is hoped to assist us to better diagnose, manage, and treat this disorder.

Primary care represents the frontline of patient management and not all patients with asthma require referral to secondary care (3). Thus, this article aims to describe the age-related phenotypes of asthma and the challenges presented by asthma across different age groups, with emphasis on insight from primary care.

ASTHMA ACROSS AGES

Phenotypes of Asthma

The traditional method of asthma phenotyping involves grouping of asthma by characteristics such as the age of onset, trigger, atopic status, and presence of biomarkers, in a so-called “biased” approach to phenotyping (4–6). It is well-known that early-onset asthma represents a distinct phenotype compared to adult-onset asthma. Adult-onset asthma may also be further divided into long-standing asthma, asthma which remitted at childhood and subsequently relapsed, and new onset adult asthma (7).

Cluster analysis presents an unbiased statistical approach to phenotype asthma by grouping them into clusters with maximum similar characteristics within clusters and minimum similarity between clusters (Table 1). Haldar et al. conducted a cluster analysis from both patents with milder asthma presenting in primary care, as well as patients with refractory asthma diagnosed in secondary care (2). The study identified 3 and 4 separate clusters of asthma from the respective populations, 2 of which were identified from both populations. Two clusters denoted with early onset were both accompanied with positive atopic status, one of which had minimal signs of eosinophilic inflammation. Clusters of late-onset asthma include a cluster of obesity-related non-eosinophilic asthma predominant in females and a male-predominated cluster predominantly marked by active eosinophilic inflammation but fewer symptoms. Both late-onset clusters also consisted of lower proportion of patients with positive atopic status compared to the early onset clusters.


Table 1. Clusters of asthma phenotypes.
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A cluster analysis which combined severe asthma and non-severe asthma patients recruited into the Severe Asthma Research Program (SARP) identified 5 clusters of asthma (8). Similar to the characteristics of the clusters identified by Haldar et al., clusters associated with early age of onset were also associated with higher atopic status while those with later-onset were less atopic. Another cluster analysis study was conducted on children (6–11 years) and adolescent to adult patients (>11 years) with severe or difficult-to-treat asthma from the TENOR (The Epidemiology and Natural History of Asthma: Outcomes and Treatment Regimens) study (9). Five clusters were identified within both age-groups differentiated by demographics, a topic status, tobacco exposure (in children), and aspirin sensitivity (in adolescent to adults). Interestingly, in contrast to adolescent and adult patients, none of the five children clusters had significantly different asthma outcomes (within the next 12 months) among each other, though this is likely due to the population of the study being limited to severe asthma patients.

Results from both classic “biased” phenotyping studies and cluster analysis studies thus confirmed that early onset asthma is more likely to be atopic in nature, while adult-onset asthma tends to have non-atopic causes, primarily obesity. Figure 1 illustrates a simple representation of this relationship between the atopic status of asthma and age as previously reviewed by Wenzel et al. (6).
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FIGURE 1. Illustration of the relationship between asthma phenotypes and the age of onset. At younger age, asthma is predominated by the atopic phenotypes, which are gradually phased out by non-atopic phenotypes such as obesity-related asthma at adulthood.



Current asthma guidelines state that more research on the value of asthma phenotyping to guide treatment is required (10, 11).

Severe Asthma Across the Age

An estimated 5–10% of asthma patients suffer from a severe form of asthma (12). Despite the rarity, severe asthma poses high healthcare resource burden (13). The GINA (Global INitiatives for Asthma) guideline defined severe asthma as asthma which requires high dose ICS (inhaled corticosteroid)/LABA to prevent it from being uncontrolled or asthma which remains uncontrolled despite this treatment (10). Regardless, there is currently no universally accepted definition for severe asthma, preventing accurate estimation of its global prevalence, which is further contributed by the absence of a global registry for this subset of asthma until the recent creation of the International Severe Asthma Registry (14).

A recent review by Guilbert et al. highlighted the differences between adult and pediatric severe asthma (15). Compared to the adult counterpart, severe asthma in children had a more rapidly changing phenotype. They were also characterized with higher exhaled nitric oxide, IgE, and eosinophil levels. Despite the differences in pediatric and adult severe asthma, the current treatment guidelines for pediatric severe asthma is currently based on extrapolation from adult studies (15). Thus, there is a need for better guidelines on severe childhood asthma.

RISK PREDICTION OF ASTHMA

Asthma exacerbation is a major cause of quality of life disruption and healthcare resource consumption. Thus, a part of asthma management includes managing the risk for future asthma exacerbations/attacks on top of maintaining symptom control (10, 16). The GINA provides a guideline for assessment of asthma exacerbations in primary care setting (10). The guideline suggests documentation of symptom histories such as the onset, severity, potential risk factors, and current therapy, along with physical examination and objective measurements such as pulse oximetry and peak expiratory flow measurement (for patients > 5 year).

Numerous studies have been conducted to investigate potential risk factors for future asthma exacerbations (Table 2). Observational studies using primary care data have identified factors such as previous asthma attacks and medication usage in and biomarkers such as blood eosinophil to predict exacerbations in subsequent years (17, 18).


Table 2. Risk prediction of future asthma exacerbations/hospitalization*.
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Knowledge of the risk factors for asthma attacks in children is scarce, and even less is known in preschool asthma, where exacerbation may have viral triggers (19). Swern et al. conducted a post-hoc analysis of 2–5years old patients (n = 689) previously enrolled in a randomized control trial (20) The trial included patients with physician-diagnosed asthma defined as ≥3 episodes of asthma symptoms in the past year including but not limited to cough, wheezing and shortness of breath. The study identified a combination of daytime cough, daytime wheeze, and night-time β2-agonist use to be predictive of exacerbation in the following day. However, this study did not report risks for exacerbations further than 3 days after the identification of risk factors.

A very recent study by Bloom et al. reported the exacerbation risks on the general asthma population across different age-groups including patients under 5 years old within the UK's national electronic healthcare records (3). Interestingly, patients ≥55 years and <5 years had the highest rate for exacerbations, in comparison to adolescents (5–17 year) and adults (18–54 years). Regardless of the age groups, higher asthma severity (as defined by the BTS [British Thoracic Society] treatment steps) was a significant predictor for annual exacerbation rate and time to next exacerbation, especially within the <5 years group.

Results on older children and adolescents confirmed the findings of the adult studies, i.e., recent asthma attacks and blood/systemic eosinophilia were consistently reported as predictors for future attacks (17, 18, 21–25). A recent observational study combining data from 2 primary care databases in the UK also reported recent asthma attacks, previous consultation for lower respiratory infections, blood eosinophils > 400/μL, and younger age to be indicative of high-risk for future asthma exacerbation in children 5–12 years of age (23). Another large observational study using general practice data of Dutch children 5–18 years old reported asthma exacerbations and asthma treatment in the preceding year and younger age to be risk factors for severe asthma exacerbations (24). While blood eosinophil level of ≥300 cells/uL was not a risk factor, children with heightened blood eosinophil had shorter time till exacerbation.

Interestingly, in contrast to adult population studies where older age was associated with increased risk (17, 18), studies in children reported younger age to be associated with higher risk for asthma attacks/exacerbations (23, 24). This confirms the observation by Bloom et al that patients at both ends of the age spectrum were at the highest risk for exacerbations (Figure 2) (3).
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FIGURE 2. Illustration of the risk factors for future asthma exacerbations.



DIAGNOSTIC CHALLENGES ACROSS AGE

There is still a very clear lack of understanding of asthma in children under 5 years, and diagnosis of asthma within the preschool age is challenging due to the lack of proper guideline and definition (26). In this age group, symptoms of wheezing and cough are very common but may be the result of acute respiratory infections instead of asthma (Figure 3) (27, 28). The Tucson birth cohort (USA) identified three distinct phenotypes of wheezing in the first 6 years of life: transient early wheezing, late onset wheezing and persistent wheezing (29, 30). The result from subsequent follow-up reported that not all children who wheezed developed asthma in later childhood, although children with atopic wheezing were the most likely (30). Thus, differentiating transient symptoms from symptoms of the more persistent asthma poses a challenge in early age.
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FIGURE 3. Challenges related to asthma treatment across age. Adapted with permission from: Kaplan A, Covar R, Vanderwalker M. An update on treatment options for children and adults with asthma. Manuscript in Preparation.



The GINA (10) and CTS (Canadian Thoracic Society) (31) guidelines recommend consideration of symptomatology, potential triggers and family history to assist in clinical decision making for this age group of patients. The guidelines additionally recommend observing for signs of airway obstruction and reversibility with inhaled bronchodilators to assist in diagnosis. Similarly, the Australian Asthma Handbook (32) and NICE guideline (33) recommend treating preschool patients with suspected asthma based on clinical observation and conduct objective tests only after 5 years of age.

Objective tools recommended by the clinical guidelines to diagnose asthma across different age groups are summarized in Table 3. Lung function tests, primarily spirometry, are recommended to confirm asthma diagnosis in school-aged children and adults within primary care practice (10, 11, 16, 33–35). However, in many countries, spirometry is not available to primary care, and conducting lung function tests on patients <5 years old is challenging due to their inability to produce consistent lung function readings (Figure 3) (10, 26, 28, 36). The BTS guideline thus does not recommend lung function measurement to guide asthma management in this age group (16). A joint statement by the American Thoracic Society (ATS) and European Respiratory Society (ERS) suggested taking only one satisfactory measurement, instead of the ideal of at least two separate measurements to accommodate pediatric patients (36). The GEMA emphasizes the need for nursing supervision and suggested measurement of FEV0.5 instead of FEV1 in preschool children 3 years and above (11).


Table 3. Objective tests recommendation in each age-groups and availability in primary care.
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FeNO (Fractional concentration of exhaled Nitric Oxide) is an inflammatory biomarker which may indicate the presence of type 2 asthma (asthma characterized by Type-2 inflammation). The NICE (National Institute for Health and Care Excellence) (33) and GEMA (Spanish Guideline on the Management of Asthma) (11) guideline recommends FeNO measurement for asthma diagnosis. The GINA, on the other hand, do not recommend the usage of FeNO to aid asthma diagnosis in adults, with the argument that FeNO may be elevated in other respiratory conditions, and is not elevated in other asthma phenotypes such as neutrophilic asthma (10). However, the guideline recommends FeNO measurement in preschool-age patients. In agreement with this, a prospective study in a hospital setting reported elevated FeNO level during preschool to be predictive of school-age asthma (37). Additionally, a randomized control trial based on 24 primary care centers and one hospital showed that high FeNO level was associated with improved Asthma Control Questionnaire 7 items (ACQ7) score following ICS treatment (38). Therefore, FeNO measurement can be a non-invasive measure conducted in primary care practices to assist asthma diagnosis in preschool children and identifying patients who may benefit from ICS treatment.

Another available tool to assist primary care practitioners to predict whether the presenting wheezing symptoms in preschool children will develop into asthma by school age is the modified version (mAPI) (39) of the Asthma Predictive Index (API) created based on data from the Tucson cohort study (30, 40). The mAPI has been previously shown in an asthma birth cohort study to have high positive predictive capability for asthma at 6, 8, and 11 years based on mAPI score at the first 3 years of life (41).

Older age presents another diagnostic challenge distinct from that in younger patients (Figure 3). Symptoms of asthma in old age may be masked by aging-associated changes in pulmonary and other physiological functions (10, 42) and the presence of multiple co-morbid conditions (43). These factors lead to underdiagnosis of asthma within the elderly. The decreased respiratory capacity in the elderly may also make it difficult to conduct lung spirometry, as such the National Institute of Aging recommended alternative techniques which do not require inspiratory efforts such as imaging and forced oscillation (42) The GINA guideline recommends physical examination, such as electrocardiogram and chest x-ray, to aid in the diagnosis of elderly asthma in addition to the routine clinical history taking (10).

Diagnosis of asthma is further complicated by differential diagnosis for symptoms which may mimic asthma. As mentioned above, wheezing and cough in children are likely to be infectious in nature. Non-infectious, non-pulmonary related causes of cough and wheeze, such as gastroesophageal reflux, airway obstruction due to foreign bodies, and congenital heart disease, should also be ruled out before the diagnosis of asthma in children (10). In old age, age-related problems such as heart disease and obesity are the major contributors to differential diagnosis. Chronic obstructive pulmonary disorder (COPD) is also a common cause of misdiagnosis in primary care due to overlapping symptoms with asthma (44). In addition, they may occur concurrently, in a term known as asthma-COPD overlap (ACO). Careful symptom history taking and post-bronchodilator spirometry to test for reversible airway obstruction are recommended to differentiate asthma from COPD and ACOS (10).

THERAPY ISSUES AT DIFFERENT AGES

Differences in Treatment Guidelines

The GINA guideline provides a step-wise management approach for treatment and management of asthma (10). The 2018 updated guideline still recommends as-needed short-acting β-agonists (SABA) for reliever treatment of asthma attacks and ICS as the initial controller medication for asthma, with addition of long-acting β-adrenoceptor agonists (LABA, as combination therapy with ICS), leukotriene receptor antagonists (LTRA) or stepping up of dosage as required for adolescent and adults patients above the age of 12 (10). Recommendations from other guidelines are similar (11, 16, 32–34): initial reliever with SABA, initial preventer treatment of ICS, and when needed, adding LABA in combination with ICS.

Initial treatment option for children 5–12 years follows that of older patients. However, LABA as the initial add-on is not recommended by the GINA (10) for this age group, in contrast to the BTS (16) recommendation. The CTS recommends LABA if stepping up ICS dosage fails to achieve control (34). Alternatively, tiotropium, a long-acting muscarinic antagonist (LAMA), administration by mist inhaler can be prescribed as an add-on in children ≥12 years and adults. LAMA is however not indicated for children <12 years by the GINA (10) and BTS (16) guidelines, though it is indicated for children ≥6 years in the US (45).

The GINA guideline dedicates a section outlining a step-by-step treatment guideline for children 5 years and younger, however, the current guideline is based on more limited evidence (10). Similar to older patients, (SABA) should be given as initial reliever upon presentation of wheezing. When necessary, i.e., symptoms suggestive of asthma or frequent wheezing episode, a low dose of ICS is recommended as the initial controller therapy. Similarly, GEMA (11) and Australian Asthma handbook (32) recommended initial SABA preventer with addition of low dose ICS when necessary. The BTS (16) guideline recommends SABA for reliever therapy together with low-dose ICS as the preventer, while the CTS guideline for preschool patients (31) recommends daily low-dose ICS as first-line therapy or SABA if symptoms were mild or infrequent. LTRA is recommended as an alternative to ICS by the GINA (10), GEMA (11), Australian Asthma Handbook (32), and BTS (16) but is not recommended for use by the CTS (31). If symptoms remain inadequately controlled with low-dose ICS, the GINA, GEMA and CTS guidelines recommend stepping-up to medium dose ICS, but this is not recommended by the BTS (16).

There is a lack of guideline on the treatment for asthma in elderly patients. Treatment of asthma in the elderly faces additional challenge due to poorer asthma control. However, more studies are required to determine whether this is due to decreased treatment response, difficulty with inhaler technique, or poorer adherence (43).

Challenges in Control

Adherence to inhaled corticosteroid (ICS) treatment is a key factor for reduction of exacerbation and achievement of asthma control. Yet, non-adherence toward ICS is constantly reported to be a very common occurrence, as high as 80% among asthma patients (46, 47). Various factors influencing adherence have been previously described, including educational level and confidence in the treatment (48).

One of the factors influencing adherence includes changes in attitude across ages. Younger children depend on parental intervention for medication, thus it is not surprising that parental concerns on medication to be influential toward adherence in pediatric asthma (49, 50). Improvement of adherence in pediatric patients should focus on parents and caregivers. Interestingly, pediatric asthma therapy adherence has been reported to be inversely correlated with children's age despite the supposedly increased understanding of their condition (50, 51). This could suggest the presence of teenage-related intentional non-adherence, which may be due to several factors such as teenage rebellion, or embarrassment of using prescribed inhaler therapy due to peer pressure (48).

In elderly patients, non-adherence may stem from the patients' struggle due to memory loss coupled with the complexity of the treatment regimen (42). This issue is further exacerbated by the multiple comorbidities in elderly asthma patients which may lead to an increased number of medications, also known as polypharmacy, which subsequently impacts asthma control (52).

Another factor which may negatively impact treatment success is improper inhalation technique, a problem repeatedly reported to commonly occur regardless of the ICS device type (53, 54). The extensive list of possible DPI and MDI device errors and their association with poor asthma outcomes were recently described in a study utilizing primary care records of 7 European countries and Australia (CRITIKAL study) (54). Among the errors reported to be associated with exacerbation is insufficient inspiratory effort for DPI device. This error is well-established to be a major challenge in preschool children and elderly patients (55). An MDI device (28) or soft mist inhaler (56) with properly designed valved holding chamber is more suitable for preschool children.

Smoking has been consistently reported to hinder response to ICS therapy (57, 58), and poor asthma control was associated with smoking status based on an interview of over 10,000 primary care patients aged 12 years and older (59). The BTS guideline recommends higher ICS dose in patients who are current or ex-smokers (16). Smoking remains a global health behavioral problem from teenage to adulthood, with a median reported global prevalence of 10.7% (range 1.7–35.0%) between 2012 and 2015 (60). A recent study on the impact of ICS adherence on asthma exacerbation and control within primary care reported one-third of their patients to be active smokers (47). Tobacco smoking thus represents another “wrench in the gears” in achieving asthma control.

Despite the recommendation for ICS, concerns remain regarding the associated side-effects, which have in turn been reported to negatively impact patient adherence toward ICS treatment (61). ICS is known to be associated with various local side effects such as oral thrush (candidiasis) and hoarseness (62, 63). A previous study reported 63.3% of children under 6 years of age to be affected (64). In addition to local side effects, ICS treatment may also result in growth retardation in children (65). It is therefore recommended to use the lowest ICS dosage for this age group and to monitor for reduced growth velocity (10). The Canadian Society of Allergy and Clinical Immunology (CSACI) also recommended monitoring for adrenal suppression for children and adolescents receiving high dose ICS (66). Another potential systemic side effects of ICS include osteoporosis (which leads to bone fractures), cataracts and diabetes, which pose additional concern on ICS use in older patients (65). Patients administered high dose ICS over a long period (more than 3 months) should thus be monitored for any potential side effect (10, 16).

Issues in Therapy Response

In addition to the challenges in diagnosis, old age poses additional challenges in the treatment of asthma due to decreased response to bronchodilator therapy (3, 67, 68). Knowledge and guidelines on elderly asthma are limited, and clinical trials tend to exclude elderly patients due to the presence of co-morbidities (43). Unlike in preschool children <5 years of age, there is still no dedicated section for elderly patients within the GINA guideline (10). It is also of relevance to understand whether the different phenotypes asthma: early onset atopic and late-onset asthma, would present with different responses to bronchodilator therapy in old age.

Issues Working With Multiple Guidelines

As discussed in the previous section, different guidelines provide different recommendations in terms of prescriptions across patient age groups. The GINA, BTS, NICE, GEMA, and CTS guidelines recommend SABA reliever and ICS preventer as initial treatment for asthma. However, there is less consensus on the subsequent add-on therapy for asthma which remains uncontrolled after the initial therapy in younger age-groups. In children (5–12 by BTS, 6–11 by GINA and CTS), LABA is recommended by the BTS and CTS guidelines as an add-on if symptom control is not achieved with ICS but is not recommended by GINA. Additionally, in the preschool age-group, there are conflicting recommendations regarding the use of LTRA as an alternative to ICS (recommended by GINA, NICE, GEMA, and BTS, but not CTS), and regarding stepping up ICS dosage to achieve control (recommended by GINA, GEMA, and CTS, but not BTS). The NICE guideline, on the other hand, recommended stepping up to a moderate dose of ICS for 8 weeks following initial SABA.

Working with multiple guidelines with different recommendations for asthma management in childhood patients may cause an additional challenge for primary care physicians as highlighted previously by the Primary Care Respiratory Society of UK (69).

Solutions

Despite the utility provided by subjective biomarker measures, they may be unavailable in primary care practices due to the barriers in implementation (70). Data sharing across practices which allow easier physician access to patients' clinical records, including records of past subjective measures, would provide a potential solution to circumvent this challenge. This may also enable a longer observation of patients' medical history to aid in differentiating between asthma, viral wheeze, and COPD in primary care.

To improve cross-sharing of patients' past medical records, there is a need to improve electronic medical records (EMR) systems which are often claims-based and lack uniformity between systems. A potential solution will be the creation of a uniform EMR template which brings together standardized past medical records while enabling patient self-reported information to be provided to primary care practitioners prior to consultation. Creation of a uniform EMR template can be done by utilizing research-based templates such as REDCap (71).

Moving forward, incorporation of clinical decision support systems (CDSS) to EMR systems may aid physicians in making informed clinical decisions despite conflicting treatment guidelines across age-groups (72) and guide the appropriate treatment while warning against the prescription of non-indicated drugs based on the patients' profile (73). Ultimately, a global EMR for primary care, which is capable of conducting machine-learning based on previous data to provide future recommendations, may serve to guide patient management in the lack of guidelines based on strong evidence.

CONCLUSION

Phenotyping studies have shown that depending on the age of onset, symptoms of asthma can represent distinct phenotypes from asthma with later onset. Together with the changing phenotypes across age are the changing challenges for diagnosis, treatment, and control of asthma.

Guidelines for asthma management in young children and the elderly are still based on weaker evidence, despite the higher hurdles in management. Differentiating asthma from other diseases with similar presenting symptoms such as viral wheeze and COPD remains a challenge. Regardless, there are resources such as FeNO measurement and the mAPI (modified Asthma Predictive Index), and spirometry which can assist in the diagnosis of asthma for different age groups within the primary care setting. Future developments in electronic medical record systems to enable cross-sharing of clinical history and implementation of clinical decision support systems (CDSS) can potentially improve patient management across different age-groups.

AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct and intellectual contribution to the work, and approved it for publication.

REFERENCES

 1. Pavord ID, Beasley R, Agusti A, Anderson GP, Bel E, Brusselle G, et al. After asthma: redefining airways diseases. Lancet. (London, England). (2018) 391:350–400. doi: 10.1016/S0140-6736(17)30879-6

 2. Haldar P, Pavord ID, Shaw DE, Berry MA, Thomas M, Brightling CE, et al. Cluster analysis and clinical asthma phenotypes. Am J Respirat Critic Care Med. (2008) 178:218–24. doi: 10.1164/rccm.200711-1754OC

 3. Bloom CI, Nissen F, Douglas IJ, Smeeth L, Cullinan P, Quint JK. Exacerbation risk and characterisation of the UK's asthma population from infants to old age. Thorax. (2018) 73:313–20. doi: 10.1136/thoraxjnl-2017-210650

 4. Hekking PP, Bel EH. Developing and emerging clinical asthma phenotypes. J Allergy Clin Immunol Pract. (2014) 2:671–80. doi: 10.1016/j.jaip.2014.09.007

 5. Pavord ID, Korn S, Howarth P, Bleecker ER, Buhl R, Keene ON, et al. Mepolizumab for severe eosinophilic asthma (DREAM): a multicentre, double-blind, placebo-controlled trial. Lancet. (London, England). (2012) 380:651–9. doi: 10.1016/S0140-6736(12)60988-X

 6. Wenzel SE. Asthma phenotypes: the evolution from clinical to molecular approaches. Nat Med. (2012) 18:716–25. doi: 10.1038/nm.2678

 7. Fuchs O, Bahmer T, Rabe KF, von Mutius E. Asthma transition from childhood into adulthood. Lancet Respirat Med. (2017) 5:224–34. doi: 10.1016/S2213-2600(16)30187-4

 8. Moore WC, Meyers DA, Wenzel SE, Teague WG, Li H, Li X, et al. Identification of asthma phenotypes using cluster analysis in the Severe Asthma Research Program. Am J Respirat Critic Care Med. (2010) 181:315–23. doi: 10.1164/rccm.200906-0896OC

 9. Schatz M, Hsu JW, Zeiger RS, Chen W, Dorenbaum A, Chipps BE, et al. Phenotypes determined by cluster analysis in severe or difficult-to-treat asthma. J Allergy Clin Immunol. (2014) 133:1549–56. doi: 10.1016/j.jaci.2013.10.006

 10. Global Initiative for Asthma. Global Strategy for Asthma Management and Prevention. Updated 2018. Vancouver, USA: GINA; 2018. Available online at: www.ginasthma.org. (accessed July, 25 2018).

 11. Plaza Moral V, Alonso Mostaza S, Alvarez Rodriguez C, Gomez-Outes A, Gomez Ruiz F, Lopez Vina A, et al. SPANISH GUIDELINE ON THE MANAGEMENT OF ASTHMA. J Invest Allergol Clin Immunol. (2016) 26(Suppl 1):1–92. doi: 10.18176/jiaci.0065.

 12. Holgate ST, Polosa R. The mechanisms, diagnosis, and management of severe asthma in adults. Lancet (London, England). (2006) 368:780–93. doi: 10.1016/S0140-6736(06)69288-Xr

 13. O'Neill S, Sweeney J, Patterson CC, Menzies-Gow A, Niven R, Mansur AH, et al. The cost of treating severe refractory asthma in the UK: an economic analysis from the British thoracic society difficult asthma registry. Thorax. (2015) 70:376–8. doi: 10.1136/thoraxjnl-2013-204114

 14. Bulathsinhala L, Eleangovan N, Heaney LG, Menzies-Gow A, Gibson PG, Peters M, et al. Development of the international severe asthma registry (ISAR): a modified Delphi study. J Allergy Clin Immunol Pract. (2018) 7:578–88.e2. doi: 10.1016/j.jaip.2018.08.016

 15. Guilbert TW, Bacharier LB, Fitzpatrick AM. Severe asthma in children. J Allergy Clin Immunol Pract. (2014) 2:489–500. doi: 10.1016/j.jaip.2014.06.022

 16. British Thoracic Society. British Guideline on the Management of Asthma: a National Clinical Guideline (SIGN 153). (2016). Available online at: https://www.sign.ac.uk/assets/sign153.pdf (accessed August 27, 2018).

 17. Blakey JD, Price DB, Pizzichini E, Popov TA, Dimitrov BD, Postma DS, et al. Identifying risk of future asthma attacks using UK medical record data: a respiratory effectiveness group initiative. J Allergy Clin Immunol Pract. (2017) 5:1015–24 e8. doi: 10.1016/j.jaip.2016.11.007

 18. Price D, Wilson AM, Chisholm A, Rigazio A, Burden A, Thomas M, et al. Predicting frequent asthma exacerbations using blood eosinophil count and other patient data routinely available in clinical practice. J. Asthma Allergy. (2016) 9:1–12. doi: 10.2147/JAA.S97973

 19. Turner S. Predicting and reducing risk of exacerbations in children with asthma in the primary care setting: current perspectives. Pragmatic Observ Res. (2016) 7:33–9. doi: 10.2147/POR.S98928

 20. Swern AS, Tozzi CA, Knorr B, Bisgaard H. Predicting an asthma exacerbation in children 2 to 5 years of age. Anna Allergy Asthma Immunol. (2008) 101:626–30. doi: 10.1016/S1081-1206(10)60226-8

 21. Haselkorn T, Zeiger RS, Chipps BE, Mink DR, Szefler SJ, Simons FE, et al. Recent asthma exacerbations predict future exacerbations in children with severe or difficult-to-treat asthma. J Allergy Clin Immunol. (2009) 124:921–7. doi: 10.1016/j.jaci.2009.09.006

 22. Covar RA, Szefler SJ, Zeiger RS, Sorkness CA, Moss M, Mauger DT, et al. Factors associated with asthma exacerbations during a long-term clinical trial of controller medications in children. J Allergy Clin Immunol. (2008) 122:741–7 e4. doi: 10.1016/j.jaci.2008.08.021

 23. Turner SW, Murray C, Thomas M, Burden A, Price DB. Applying UK real-world primary care data to predict asthma attacks in 3776 well-characterised children: a retrospective cohort study. NPJ Prim Care Respir Med. (2018) 28:28. doi: 10.1038/s41533-018-0095-5

 24. Engelkes M, Janssens HM, de Ridder MA, Sturkenboom MC, de Jongste JC, Verhamme KM. Real life data on incidence and risk factors of severe asthma exacerbations in children in primary care. Respiratory Med. (2016) 119:48–54. doi: 10.1016/j.rmed.2016.08.016

 25. Kerkhof M, Tran TN, van den Berge M, Brusselle GG, Gopalan G, Jones RCM, et al. Association between blood eosinophil count and risk of readmission for patients with asthma: historical cohort study. PLoS ONE. (2018) 13:e0201143. doi: 10.1371/journal.pone.0201143

 26. Cave AJ, Atkinson LL. Asthma in preschool children: a review of the diagnostic challenges. J Am Board Fam Med. (2014) 27:538–48. doi: 10.3122/jabfm.2014.04.130276

 27. Ng CW, How CH. Recurrent wheeze and cough in young children: is it asthma? Singapore Med J. (2014) 55:236–41. doi: 10.11622/smedj.2014064

 28. Pedersen SE, Hurd SS, Lemanske RF Jr, Becker A, Zar HJ, Sly PD, et al. Global strategy for the diagnosis and management of asthma in children 5 years and younger. Pediatr Pulmonol. (2011) 46:1–17. doi: 10.1002/ppul.21321

 29. Martinez FD, Wright AL, Taussig LM, Holberg CJ, Halonen M, Morgan WJ. Asthma and wheezing in the first six years of life. the group health medical associates. N Engl J Med. (1995) 332:133–8. doi: 10.1056/NEJM199501193320301

 30. Taussig LM, Wright AL, Holberg CJ, Halonen M, Morgan WJ, Martinez FD. Tucson children's respiratory study: 1980 to present. J Allergy Clin Immunol. (2003) 111:661–75. doi: 10.1067/mai.2003.162

 31. Canadian Thoracic Society. Diagnosis and management of asthma in preschoolers: A Canadian Thoracic Society and Canadian Pediatric Society Position Statement. Ottowa. (2015). (accessed July 25, 2018).

 32. National Asthma Council Australia. Australian Asthma Handbook, Version 2.0. National Asthma Council Australia, Melbourne, (2019). Available online at: http://www.asthmahandbook.org.au (accessed March 26, 2019).

 33. National Institute for Health and Care Excellence. Asthma: Diagnosis, Monitoring and Chronic Asthma Management. (2017). Available online at: http://www.nice.org.uk/guidance/ng80 (accessed September 8, 2018).

 34. Canadian Thoracic Society. Guideline Update: Diagnosis and management of asthma in preschoolers, children and adults. Ottowa, ON (2012). (accessed November 13, 2018).

 35. Derom E, van Weel C, Liistro G, Buffels J, Schermer T, Lammers E, et al. Primary care spirometry. Euro Respirat J. (2008) 31:197–203. doi: 10.1183/09031936.00066607

 36. Beydon N, Davis SD, Lombardi E, Allen JL, Arets HG, Aurora P, et al. An official American thoracic society/european respiratory society statement: pulmonary function testing in preschool children. Am J Respirat Critic Care Med. (2007) 175:1304–45. doi: 10.1164/rccm.200605-642ST

 37. Singer F, Luchsinger I, Inci D, Knauer N, Latzin P, Wildhaber JH, et al. Exhaled nitric oxide in symptomatic children at preschool age predicts later asthma. Allergy. (2013) 68:531–8. doi: 10.1111/all.12127

 38. Price DB, Buhl R, Chan A, Freeman D, Gardener E, Godley C, et al. Fractional exhaled nitric oxide as a predictor of response to inhaled corticosteroids in patients with non-specific respiratory symptoms and insignificant bronchodilator reversibility: a randomised controlled trial. Lancet Respirat Med. (2018) 6:29–39. doi: 10.1016/S2213-2600(17)30424-1

 39. Bacharier LB, Guilbert TW. Diagnosis and management of early asthma in preschool-aged children. J Allergy Clin Immunol. (2012) 130:287–96. doi: 10.1016/j.jaci.2012.04.025

 40. Castro-Rodriguez JA, Holberg CJ, Wright AL, Martinez FD. A clinical index to define risk of asthma in young children with recurrent wheezing. Am J Respirat Critic Care Med. (2000) 162(4 Pt 1):1403–6. doi: 10.1164/ajrccm.162.4.9912111

 41. Chang TS, Lemanske RF Jr, Guilbert TW, Gern JE, Coen MH, Evans MD, et al. Evaluation of the modified asthma predictive index in high-risk preschool children. J Allergy Clin Immunol Pract. (2013) 1:152–6. doi: 10.1016/j.jaip.2012.10.008

 42. Hanania NA, King MJ, Braman SS, Saltoun C, Wise RA, Enright P, et al. Asthma in the elderly: current understanding and future research needs–a report of a national institute on aging (NIA) workshop. J Allergy Clin Immunol. (2011) 128(3 Suppl):S4–24. doi: 10.1016/j.jaci.2011.06.048

 43. Boulet LP. Asthma in the elderly patient. Asthma Res Pract. (2016) 2:3. doi: 10.1186/s40733-015-0015-1

 44. Miravitlles M, Andreu I, Romero Y, Sitjar S, Altes A, Anton E. Difficulties in differential diagnosis of COPD and asthma in primary care. Br J Gen Pract. (2012) 62:e68–75. doi: 10.3399/bjgp12X625111

 45. Boehringer Ingelheim. Highlights of Prescribing Information. SPIRIVA® RESPIMAT® (tiotropium bromide) 2017. Available online at: http://docs.boehringer-ingelheim.com/Prescribing%20Information/PIs/Spiriva%20Respimat/spirivarespimat.pdf (accessed November 28, 2017).

 46. Dekhuijzen R, Lavorini F, Usmani OS, van Boven JFM. Addressing the impact and unmet needs of nonadherence in asthma and chronic obstructive pulmonary disease: where do we go from here? J Allergy Clin Immunol Pract. (2018) 6:785–93. doi: 10.1016/j.jaip.2017.11.027

 47. Papi A, Ryan D, Soriano JB, Chrystyn H, Bjermer L, Rodriguez-Roisin R, et al. Relationship of inhaled corticosteroid adherence to asthma exacerbations in patients with moderate-to-severe asthma. J Allergy Clin Immunol Practice. (2018) 6:1989–98.e3 doi: 10.1016/j.jaip.2018.03.008

 48. Makela MJ, Backer V, Hedegaard M, Larsson K. Adherence to inhaled therapies, health outcomes and costs in patients with asthma and COPD. Respirat Med. (2013) 107:1481–90. doi: 10.1016/j.rmed.2013.04.005

 49. Koster ES, Raaijmakers JA, Vijverberg SJ, Maitland-van der Zee AH. Inhaled corticosteroid adherence in paediatric patients: the PACMAN cohort study. Pharmacoepidemiol Drug Saf. (2011) 20:1064–72. doi: 10.1002/pds.2228

 50. van Dellen QM, Stronks K, Bindels PJ, Ory FG, van Aalderen WM. Adherence to inhaled corticosteroids in children with asthma and their parents. Respirat Med. (2008) 102:755–63. doi: 10.1016/j.rmed.2007.12.005

 51. McQuaid EL. Medication adherence in pediatric asthma: reasoning, responsibility, and behavior. J Pediatric Psychol. (2003) 28:323–33. doi: 10.1093/jpepsy/jsg022

 52. Wardzynska A, Kubsik B, Kowalski ML. Comorbidities in elderly patients with asthma: association with control of the disease and concomitant treatment. Geriatr Gerontol Int. (2015) 15:902–9. doi: 10.1111/ggi.12367

 53. Chorao P, Pereira AM, Fonseca JA. Inhaler devices in asthma and COPD–an assessment of inhaler technique and patient preferences. Respirat Med. (2014) 108:968–75. doi: 10.1016/j.rmed.2014.04.019

 54. Price DB, Roman-Rodriguez M, McQueen RB, Bosnic-Anticevich S, Carter V, Gruffydd-Jones K, et al. Inhaler errors in the CRITIKAL study: type, frequency, and association with asthma outcomes. J Allergy Clin Immunol Pract. (2017) 5:1071–81 e9.

 55. Haughney J, Price D, Barnes NC, Virchow JC, Roche N, Chrystyn H. Choosing inhaler devices for people with asthma: current knowledge and outstanding research needs. Respirat Med. (2010) 104:1237–45. doi: 10.1016/j.rmed.2010.04.012

 56. Kamin W, Frank M, Kattenbeck S, Moroni-Zentgraf P, Wachtel H, Zielen S. A handling study to assess use of the respimat ® soft mist inhaler in children under 5 years old. J Aerosol Med Pulm Drug Deliv. (2015) 28:372–81. doi: 10.1089/jamp.2014.1159

 57. Shimoda T, Obase Y, Kishikawa R, Iwanaga T. Influence of cigarette smoking on airway inflammation and inhaled corticosteroid treatment in patients with asthma. Allergy Asthma Proc. (2016) 37:50–8. doi: 10.2500/aap.2016.37.3944

 58. Tomlinson JE, McMahon AD, Chaudhuri R, Thompson JM, Wood SF, Thomson NC. Efficacy of low and high dose inhaled corticosteroid in smokers versus non-smokers with mild asthma. Thorax. (2005) 60:282–7. doi: 10.1136/thx.2004.033688

 59. Chapman KR, Boulet LP, Rea RM, Franssen E. Suboptimal asthma control: prevalence, detection and consequences in general practice. Euro Respirat J. (2008) 31:320–5. doi: 10.1183/09031936.00039707

 60. Arrazola RA, Ahluwalia IB, Pun E, Garcia de Quevedo I, Babb S, Armour BS. Current tobacco smoking and desire to quit smoking among students aged 13-15 years - global youth tobacco survey, 61 countries, 2012-2015. MMWR Morbidity Mortal Weekly Rep. (2017) 66:533–7. doi: 10.15585/mmwr.mm6620a3

 61. Cooper V, Metcalf L, Versnel J, Upton J, Walker S, Horne R. Patient-reported side effects, concerns and adherence to corticosteroid treatment for asthma, and comparison with physician estimates of side-effect prevalence: a UK-wide, cross-sectional study. NPJ Prim Care Respir Med. (2015) 25:15026. doi: 10.1038/npjpcrm.2015.26

 62. Buhl R. Local oropharyngeal side effects of inhaled corticosteroids in patients with asthma. Allergy. (2006) 61:518–26. doi: 10.1111/j.1398-9995.2006.01090.x

 63. Roland NJ, Bhalla RK, Earis J. The local side effects of inhaled corticosteroids: current understanding and review of the literature. Chest. (2004) 126:213–9. doi: 10.1378/chest.126.1.213

 64. Dubus JC, Marguet C, Deschildre A, Mely L, Le Roux P, Brouard J, et al. Local side-effects of inhaled corticosteroids in asthmatic children: influence of drug, dose, age, and device. Allergy. (2001) 56:944–8. doi: 10.1034/j.1398-9995.2001.00100.x

 65. Heffler E, Madeira LNG, Ferrando M, Puggioni F, Racca F, Malvezzi L, et al. Inhaled corticosteroids safety and adverse effects in patients with asthma. J Allergy Clin Immunol Pract. (2018) 6:776–81. doi: 10.1016/j.jaip.2018.01.025

 66. Issa-El-Khoury K, Kim H, Chan ES, Vander Leek T, Noya F. CSACI position statement: systemic effect of inhaled corticosteroids on adrenal suppression in the management of pediatric asthma. Allergy Asthma Clin Immunol. (2015) 11:9. doi: 10.1186/s13223-015-0075-z

 67. Banerji A, Clark S, Afilalo M, Blanda MP, Cydulka RK, Camargo CA Jr. Prospective multicenter study of acute asthma in younger versus older adults presenting to the emergency department. J Am Geriatr Soc. (2006) 54:48–55. doi: 10.1111/j.1532-5415.2005.00563.x

 68. Dunn RM, Lehman E, Chinchilli VM, Martin RJ, Boushey HA, Israel E, et al. Impact of age and sex on response to asthma therapy. Am J Respirat Criticl Care Med. (2015) 192:551–8. doi: 10.1164/rccm.201503-0426OC

 69. Keeley D, Baxter N. Conflicting asthma guidelines cause confusion in primary care. BMJ. (Clinical research ed). (2018) 360:k29. doi: 10.1136/bmj.k29

 70. Walters JA, Hansen E, Mudge P, Johns DP, Walters EH, Wood-Baker R. Barriers to the use of spirometry in general practice. Australian Family Phys. (2005) 34:201–3. Available online at: https://eprints.utas.edu.au/1284/

 71. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic data capture (REDCap)–a metadata-driven methodology and workflow process for providing translational research informatics support. J Biomed Inform. (2009) 42:377–81. doi: 10.1016/j.jbi.2008.08.010

 72. Fathima M, Peiris D, Naik-Panvelkar P, Saini B, Armour CL. Effectiveness of computerized clinical decision support systems for asthma and chronic obstructive pulmonary disease in primary care: a systematic review. BMC Pulmonary Med. (2014) 14:189. doi: 10.1186/1471-2466-14-189

 73. Ryan D, Blakey J, Chisholm A, Price D, Thomas M, Stallberg B, et al. Use of electronic medical records and biomarkers to manage risk and resource efficiencies. Eur Clin Respir J. (2017) 4:1293386. doi: 10.1080/20018525.2017.1293386

Conflict of Interest Statement: AK declares participation in speaker and advisory boards of Boehringer Ingelheim, AstraZeneca, Novartis, Purdue, Sanofi Genzyme, Covis and Teva; as speaker for Grifols and Merck Frosst; in the smoking cessation website design for Johnson & Johnson; and in advisory boards of GSK, Mylan, Paladin labs, and Novo Nordisk. SY and AH are employees of Observational and Pragmatic Research Institute Pte Ltd, which has conducted paid research in respiratory disease on behalf of the following organizations in the past 5 years: Almirall, Anaxys, AstraZeneca, Boehringer Ingelheim, British Lung Foundation, Chiesi, Circassia (formerly Aerocrine), Harvey Walsh, Mapi, Morningside Healthcare, Mundipharma, Mylan (formerly Meda), Napp, Novartis, Orion, Plymouth University, Regeneron, Respiratory Effectiveness Group, Roche, Sanofi, Takeda, Teva, University of East Anglia, Zentiva (a Sanofi company). DP has board membership with Amgen, AstraZeneca, Boehringer Ingelheim, Chiesi, Circassia, Mylan, Mundipharma, Napp, Novartis, Regeneron Pharmaceuticals, Sanofi Genzyme, Teva Pharmaceuticals; consultancy agreements with Amgen, AstraZeneca, Boehringer Ingelheim, Chiesi, GlaxoSmithKline, Mylan, Mundipharma, Napp, Novartis, Pfizer, Teva Pharmaceuticals, Theravance; grants and unrestricted funding for investigator-initiated studies (conducted through Observational and Pragmatic Research Institute Pte Ltd) from AKL Research and Development Ltd, AstraZeneca, Boehringer Ingelheim, British Lung Foundation, Chiesi, Circassia, Mylan, Mundipharma, Napp, Novartis, Pfizer, Regeneron Pharmaceuticals, Respiratory Effectiveness Group, Sanofi Genzyme, Teva Pharmaceuticals, Theravance, UK National Health Service, Zentiva (Sanofi Generics); payment for lectures/speaking engagements from AstraZeneca, Boehringer Ingelheim, Chiesi, Cipla, GlaxoSmithKline, Kyorin, Mylan, Merck, Mundipharma, Novartis, Pfizer, Regeneron Pharmaceuticals, Sanofi Genzyme, Teva Pharmaceuticals; payment for manuscript preparation from Mundipharma, Teva Pharmaceuticals; payment for the development of educational materials from Mundipharma, Novartis; payment for travel/accommodation/meeting expenses from AstraZeneca, Boehringer Ingelheim, Circassia, Mundipharma, Napp, Novartis, Teva Pharmaceuticals; funding for patient enrolment or completion of research from Chiesi, Novartis, Teva Pharmaceuticals, Zentiva (Sanofi Generics); stock/stock options from AKL Research and Development Ltd which produces phytopharmaceuticals; owns 74% of the social enterprise Optimum Patient Care Ltd (Australia and UK) and 74% of Observational and Pragmatic Research Institute Pte Ltd (Singapore); and is peer reviewer for grant committees of the Efficacy and Mechanism Evaluation programme, and Health Technology Assessment.

Copyright © 2019 Kaplan, Hardjojo, Yu and Price. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fped-07-00162-t002.jpg
References  Population Age inition of asthma Outcome Predictive factors
PEDIATRIC
Swemetal. Patient fom double-blinded  2-5 Physician-diagnosed asthma: At least  Asthma attacks « Daytime cough
(0) multicenter RCT years. 3 episodes of asthma symptoms « Daytime wheeze
such as cough, wheeze, shortness « Night-time 2-agonist
of breath
Bloometal.  Primary care <Syears  Patients with read codes for asthma  Annual asthma « Higher asthma severity
® and5-17 exacerbation rate and
years. time to first
exacerbation
Haselkorn Severe asthma chidren 6-11 Diagnosed with severe asthma or Future severe  Recent exacerbation
etal. (21) recruited from “Managed years. mild/moderate asthma consideredto  exacerbation  Non-white race (vs. white)
care organizations, be difficult-to-treat by site specialist.  3-4allergic triggers
communty physicians or « Poor asthma control
group practices, and
academic centers”
Covar et al. Patient from double-blinded  6-14 Mid-moderate persistent asthma: Asthma exacerbation ~+ Baseline exacerbation
©2) multicenter RCT years Diary-reported symptoms or
B-agonist use (not including
pre-exercise), o mean morning and
evening peak flow < 80%.
Turner et al. Primary care 5-12 Read Code for asthma diagnosis. Asthmaattackin 1 year  + Higher GINAmanagement step
(19 years. follow-up  Consultation for LRTI
« Blood eosinophil >400/uL.
« Baseline asthma attacks
* Younger age
* Lower peak expiratory flow
Engelkes Primary care 518 Agorithm-vaiidated from list of Severe asthma * Younger age
etal. (24) years. patients with ICD code and free-text  exacerbation  Exacerbations in the previous
of asthma year
« Use of any asthma medication
Time until next * Younger age
exacerbation * Female gender
+ Exacerbations in the previous
year
« Respiratory infection in  the
previous year
o Asthma specialist visit in the
previous year
+ ICS prescription
+ Blood eosinophil >300/L
* Comorbid eczema
ADULTS
Bloom et al Primary care 18-54 Patients with Read Codes for asthma  Annual asthma * Higher asthma severity
€} years. exacerbation rate and
and 256 time to first
years. exacerbation
Kerkof et al Primary care patients with >6years  Active asthma defined as having Asthma-related  Blood eosinophi count =035
(25) secondary care data linkage diagnostic Read Codes for asthma, hospital readmission 1 x 10° cells/L
1o code for resolved asthma, andat  year after discharge
least 2 prescriptions for asthma.
Blakeyetal.  Primary care 12-80 Active asthma defined as having Asthma exacerbations  + Baselne (1 year) asthma
7 years. diagnostic Read Codes for asthma, in 2 years follow-up exacerbations
10 code for resolved asthma, andat  period « Older age, female gender,
least 2 prescriptions for asthma. current smoking, overweight
* Co-morbid  rhinitis, eczema,
GERD, nasal polyps, or
anaphylaxis
« High blood eosinophil count
* Higher daily SABA dose
+ NSAID, LTRA or LABA
prescriptions
* More acute OCS course
* More asthmarelated hospitalization
* More primary care visits
* Lower PEF%
Price et al. Primary care 12-80 Patients with recorded =2 severe asthma * Older age, female gender,
(18) years physician-diagnoss for asthmaand ~ exacerbations in 1 year current smoker, overweight,
o other chronic respiratory diseases.  follow-up + Blood eosinophil >400/uL

 Co-morbid anxiety, diabetes,
eczema, GERD, rhinitis

* NSAID prescriptions

* Higher asthma treatment step
(BTS-SIGN)

 General practice consultation
for LRTI

« Outpatient asthma attendance

* Having acute OCS courses

* >400 pg/day SABA dose

* >800 pg/day ICS dose
(FP equivalent)

“Studies which analyzed pediatric and adult patients as a single group are categorized as adult studies. BTS, British Thoracic Society; FF, Fluticasone propionate; GERD,
Gastroesophageal reflux disease; GINA, Global Initiatives for Asthmay ICS, Inhaled corticosteroid; LABA, long-acting B-agonists; LRT, Lower respiratory tract infection; LTRA, Leukotriene
receptor antagonists; NSAID, Nonsteroidal anti-inflammatory drugs; OCS, oral corticosteroid; PEF, Peak expiratory flow; SABA, short-acting p-agonist; SIGN, Scottish Intercollegiate
Guidelines Network.





OPS/images/fped-07-00162-t003.jpg
Peak flow variabilty
Spirometry

FeNO

Bronchial provocation test

Allergen sensitization

Chest X-ray

Preschool (<5 years)'

Not recommended by BTS

Not recommended by
GINAT and BTS
Recommended by GINA,
GEMA, and BTS (for
3-dyears)

Not recommended by GINA

Recommended by GINA
and GEMA but not
conclusive (doesn't exclude
nonatopic asthma)
Recommended by GINA,
BTS, and CTS

Children (5-12 years)

Recommended by GINA, CTS, and
NICE; Not recommended by BTS
Recommended by GINA, BTS, CTS,
GEMA, AAH, and NICE

Not recommended by GINA;
Recommended by NICE and BTS
(for eosinophilic asthma)

Recommended by GINA, BTS, AAH,
and CTS

Recommended by GINA, GEMA,
and BTS but not conclusive; Not
considered essential by AAH.
Not recommended by NICE

Recommended by BTS

Adolescent and adults (12
years)

Recommended by GINA, BTS (in
adutts), CTS, GEMA and NICE.
Recommended by GINA, BTS,
CTS, GEMA, AAH, and NICE
Not recommended by GINA;
Recommended by NICE, GEMA,
and BTS (for eosinophilic
asthma)

Recommended by GINA, BTS,
CTS, AAH, and NICE (at >17
years)

Recommended by GINA, GEMA,
and BTS but not conclusive

Not recommended by NICE

Recommended by BTS, and by
GINA (in elderly).

Availability in primary
care

Available
Available

Not usually available

Available in speciality
clinics also

Available through
speciality referral

Typically available

*NICE guiceline does not recommend any objective tests to guide asthma diagnosis in chidren <Syeers According to GINA, children 4-5 years may undergo spirometry with
guidance. GINA, Global Intiatives for Asthma; BTS, British Thoracic Society; AAH, Australian Asthma Handbook; NICE, National Institute for Health and Care Excellence; CTS, Canadian

Thoracic Society.





OPS/images/fped-07-00162-g003.gif





OPS/images/fped-07-00162-t001.jpg
Population analyzed

Haldar et al. (2)
1. Primary care (0 = 184)

2. Secondary care (n = 187)

Moore et al. SARP study, 2010 (8)

12-80 years old (n = 726), 304 fulfilled
criteria for severe asthma

Schatz et al. TENOR study, 2014
©
6-11 years old (0 = 518)

=12 years old (n = 3,612)

ICS, Inhaled corticosteroid.

Additional patient details

Age range: 18-65 years

Age range: not specified

Primary/secondary: not specified

Patients recruited from “managed
care organizations, community
physicians or group practices, and
academic centers”

Clusters Identified

Early-onset atopic (1 = 61)
Obese, non-eosinophic (n = 27)
Benign (0 = 96)

Early-onset atopic (1 = 74)

Obese, non-eosinophiic (n = 23)
Early symptom predominant (n = 22)
Inflammation predorminant (1 = 68)

FENE GRS

1. Early-onset atopic, normal lung function and low healthcare
utiization (0 = 110)

2. Early-onset atopic, higher medication requirement (n = 321)

3. Late-onset, less-atopic, obesity-related, lower lung function, and
more daily symptoms and healthcare utiization (n = 59)

4. More severe, long-standing, early-onset, atopic, reversible lung
obstruction, high ICS usage (n = 120)

5. More severe, long-standing, late-onset, less-atopic, less-reversible
lung obstruction, high ICS usage (n = 116)

White race with no tobacco exposure (1 = 115)
Female cluster (1 = 81)

Non-atopic (n = 162)

Passive smoke exposed (n = 87)

Non-white race (n = 73)

White female adult onset, low IgE (n = 1262)
High atopic cluster (1 = 659)

Male cluster (n = 664)

Non-white cluster (n = 596)

Non-white race (n = 431)

Lol ol of it ol L8 a8 o bint





OPS/images/fped-07-00162-g001.gif
Proportion

Sy

oy
ee






OPS/images/fped-07-00162-g002.gif
Ju——

[ arAsthma Artack.





OPS/images/cover.jpg
’ frontiers
in Pediatrics

Asthma Across Age: Insights From
Primary Care









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Pediatrics





