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PLAIN-LANGUAGE SUMMARY

Oral corticosteroids (OCS) are used both short- and long-term for the treatment of asthma exacerbations. An exacerbation is when symptoms worsen, and patients become less responsive to therapy with greater dosages of OCS. Severe asthma exacerbations are treated with OCS, and rarely require hospitalisations for further treatment. OCS use is associated with adverse events, including cardiovascular/cerebrovascular disease, cataracts, sleep apnoea, renal impairment, depression/anxiety, and metabolic dysfunction. Because of this, international guidelines have recently recommended careful consideration of OCS use in asthma. We explored the current OCS prescription patterns in a real-world setting in Germany. We used information from an IMS® prescription database from October 2017–September 2018 to quantify patients with asthma, severe asthma, and severe, uncontrolled asthma. Short-term OCS treatment was prescribed for 35% of patients with the most severe asthma and 7–15% of patients with less severe asthma. Long-term OCS treatment was prescribed for 86% of patients with the most severe asthma and 1–3% of patients with less severe asthma. There were regional differences throughout Germany in the prevalence of OCS-treated patients and the overall amount of OCS patients received each year. In general, OCS use throughout Germany was greater than what is recommended in current guidelines.


ABSTRACT

[bookmark: _Hlk7428128]Background: To improve understanding of real-world asthma treatment and inform physician education, we evaluated regional variation in asthma prevalence and oral corticosteroid (OCS) use across Germany.
Methods: We developed a machine learning gradient boosted tree model with IMS® Disease Analyzer electronic medical records, which cover 3% of German patients. This model had a 91% accuracy in predicting the presence of asthma and chronic obstructive pulmonary disease. We applied the model to the IMS® Longitudinal Prescription database, with 82% national coverage, to classify patients receiving treatment for airflow obstruction from October 2017–September 2018 in 63 regions in Germany.
[bookmark: _Hlk25224868]Results: Of 2.4 million individuals under statutory health insurance with predicted high OCS use for asthma (defined as 1 tablet per day for the duration of therapy), 13.7%, 18.7%, 36.5%, 29.4%, and 1.7% were categorized as receiving Global Initiative for Asthma (GINA) Steps 1, 2, 3, 4, and 5 treatment, respectively. Approximately 7–15% of those receiving GINA Steps 1–4 treatment, and 35% of those receiving Step 5 treatment received ≥1 acute OCS prescription (duration <10 days). Of patients receiving GINA Steps 1–4 and Step 5 treatments, 1–3% and 86%, respectively, received ≥1 OCS prescription defined as high OCS use. Cumulative OCS dosage and percentages of patients receiving OCS differed substantially across regions, and regions with lower OCS use had greater use of biologic therapies.
Conclusions: Both acute and high OCS use varied regionally across Germany, with overall use greater than recommended by guidelines for all degrees of asthma severity.
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INTRODUCTION

Corticosteroids are established primary therapeutic interventions for the treatment of asthma [1]. Inhaled corticosteroids (ICS), together with long-acting β2-agonists and leukotriene receptor antagonists, are prescribed to control asthma symptoms and decrease exacerbation risk for patients with asthma [1]. Oral corticosteroids (OCS) are used as acute treatment for asthma exacerbations and as maintenance treatment for patients with severe asthma that remains uncontrolled despite receiving high-dosage ICS and controller therapies [1, 2]. However, high OCS use is associated with adverse events such as fractures, cardiovascular/cerebrovascular disease, cataracts, sleep apnoea, renal impairment, depression/anxiety, and metabolic dysfunction (i.e., type 2 diabetes, and weight gain) [3‒5]. Furthermore, a dose–response relationship exists for cumulative OCS exposure, with risk of most adverse events beginning at a cumulative exposure of 1.0‒2.5 g [3]. As an alternative to high OCS use, targeted biologic therapies associated with reduced risk of adverse events compared with OCS use are now available and recommended for the treatment of appropriate patients with severe, uncontrolled asthma [1]. However, despite the known adverse events, international recommendations, and national guidelines, there are major regional differences in asthma management and OCS prescriptions [6].

In this study, we sought to describe regional variations in asthma prevalence and OCS use for asthma in Germany by analysing pharmacy claims data on medication utilisation. We used a machine learning approach [7, 8] using data from electronic medical and prescription records to help predict patients diagnosed with asthma. We mapped these findings by region to quantify differences in asthma severity and treatment across Germany. We hypothesised that this analysis would reveal differences in prevalence of severe, uncontrolled asthma across Germany and identify regions with greater disease burden that may have been unrecognised in analyses at the national level.



METHODS

Data Sources
We used data from the IMS® Longitudinal Prescription (LRx) database from October 2017–September 2018 to perform a retrospective analysis to quantify patients with asthma, severe asthma, and severe, uncontrolled asthma. The IMS® LRx database contains anonymised prescription records covering 82% of all prescriptions reimbursed by statutory health insurance funds in Germany, including 75% of prescriptions for asthma and chronic obstructive pulmonary disease (COPD).

Cohort Selection
We obtained data from the IMS® Disease Analyzer (IQVIA Commercial GmbH & Co. OHG, Frankfurt, Germany), an anonymous electronic medical records database covering 3% of the 57,100 German primary care physicians. We selected high-quality diagnosis treatment pairs of 113,213 individuals with asthma (ICD-10 J45, J46) or COPD (ICD-10 J44) who were treated by general practitioners, pulmonologists, or paediatricians who had prescribed treatments from June 2017–May 2018 classified for obstructive airway diseases by the Anatomical Therapeutic Chemical Classification System (R03; Supplemental Table 1). 

Using these data, we developed a machine learning gradient boosted tree model trained to distinguish between patients with asthma and COPD based on corresponding ICD-10 codes, and applied it to the IMS® LRx database to select patients with asthma for further investigation. Anonymous treatment courses were tracked across retail pharmacies and physician specialities, which allowed for a near-complete picture of prescribed medications. Patients with no prescriptions from general practitioners, pulmonologists, or paediatricians were excluded. Patients were also excluded if they had fewer than 2 R03 prescriptions per year, or prescriptions for other indications but no R03 prescriptions for more than 2 quarters (contiguous 3-month periods) in the considered year. Omalizumab for urticaria was also removed from our analysis. Performance metrics revealed that the model differentiated asthma from COPD diagnoses with 91% accuracy based on age, sex, and 1-year treatment history. Precision (model-predicted asthma patients that were actual asthma patients) was 90% and recall (actual asthma patients classified as such by the model) was 93%. Data were regionalised into 63 districts for the generation of regional heat maps across 17 Kassenärztliche Vereinigungen (KV; medical associations) (Figure 1).

For individuals predicted to have asthma, disease severity was classified by medication according to Global Initiative for Asthma (GINA) 2018 guidelines [1]. Patients were defined as having mild (GINA Steps 1 and 2), moderate (GINA Step 3), or severe (GINA Steps 4 and 5) asthma. The greatest severity was assigned to those with varying severity during the study period.

Mapping Oral Corticosteroid Use and Asthma
We mapped OCS use by yearly exposure (calculated as the cumulative prescribed doses over the full-year study period), and by classification as high OCS use (defined as 1 tablet per day for the duration of therapy) and acute OCS use (defined as treatment duration <10 days) based on strength and package size (Supplemental Table 2). We also mapped frequency of severe, uncontrolled asthma (defined as individuals with severe asthma and ≥2 acute OCS prescriptions per year).

RESULTS

Cohort Selection
Of a total projected 8.64 million patients in the IMS® LRx database who received R03 prescriptions reimbursed by statutory health funds, we predicted 2.4 million of those to be treated for asthma; 13.7%, 18.7%, 36.5%, 29.4%, and 1.7% of whom were classified as receiving GINA Steps 1, 2, 3, 4, and 5 treatment, respectively (Figure 2). The majority (62%) stayed within the same GINA classification, with 28% changing GINA classification once. Of those who changed GINA classification once, 55% increased and 45% decreased GINA classification.

[bookmark: _Hlk25226973]Geographic Mapping of Asthma Burden
[bookmark: _Hlk25309499]The prevalence of asthma varied by region, from 2.1% in Baden-Württemberg to 3.7% in the Ruhr area. In general, the greatest asthma prevalence was found in the northwest region of Germany (Figure 3A). The south and east‒central areas had the lowest asthma prevalence.

Prevalence of severe asthma was greatest in central and southwest regions, some of which overlapped with regions with the lowest prevalence of overall asthma (Figure 3B). In general, percentages of patients with severe asthma were smallest in regions with high prevalence of asthma in western Germany. The prevalence of uncontrolled asthma among patients with severe asthma was the lowest in the northeast (4.89‒6.18%, compared with ≥7.78% in some areas of western and southeastern Germany) (Figure 3C).

Oral Corticosteroid Prescribing Patterns
General practitioners accounted for approximately 60% of OCS prescriptions from health care professionals in Germany (Figure 4). General practitioners and internal specialists were more likely to prescribe OCS regimens defined as high use than for acute use. Approximately 10% of patients with mild or moderate asthma received ≥1 acute OCS prescriptions in the 1-year study period, compared with 15–35% with more severe disease. Patients receiving GINA Step 1 or 2 treatment rarely received prescriptions considered high OCS use (≤1%). Patients receiving prescriptions for high use OCS regimens were mostly those receiving GINA Step 5 treatment. Of those, 86% received ≥1 prescription considered high OCS use per year and 34% received >2 such prescriptions per year. Approximately 1–3% of patients receiving GINA Steps 1–4 treatment received prescriptions for high OCS use regimens.

As expected, patients receiving GINA Step 5 treatments were prescribed greater dosages of OCS compared with those receiving GINA Steps 1–4 treatments (Figure 5). For those receiving GINA Step 5 treatment, median prescribed OCS dosages over a full year were 1,000 mg (prednisolone equivalent) for acute OCS regimens and 800 mg for high OCS use regimens compared with 400 mg across all GINA treatment steps and both treatment regimens.

Geographic Mapping of Asthma Treatment
[bookmark: _Hlk25225817]Results of the heat map analysis revealed that, in some regions of southwest and northeast Germany, the yearly cumulative OCS exposure for patients with asthma was greater than average (≥757 mg); patients in the south and southeast had the lowest average cumulative exposure (Figure 6A). Greater than average percentages of patients receiving acute OCS prescriptions for the treatment of asthma were observed in regions of west Germany and some regions of southeast Germany (Figure 6B). When analysing regional differences by medication class, the use of OCS to treat asthma was most widespread in southwest Germany (Figure 7A), and in general, regions with less OCS use tended to have greater use of biologic therapies (Figure 7B). Office-based pulmonologists were concentrated most densely in the east and larger cities (Figure 8), which roughly corresponds with the distribution of patients with the lowest cumulative annual exposure to OCS (Figure 6A).


DISCUSSION

Our analysis categorised 2.36 million patients in Germany who are being treated for asthma with prescription drugs reimbursed by statutory health insurance. Asthma prevalence varied by region, and patients in central and southwest Germany were more likely to have severe asthma (defined as receiving GINA Steps 4 or 5 treatment). Prevalence of severe, uncontrolled asthma was greater in western and southeastern Germany, while the prevalence was lower in northern Germany than the rest of the country. The northeast had the smallest percentage of severe, uncontrolled asthma (4.89‒6.18% of patients with severe asthma, compared with ≥7.78% in some areas of western and southeastern Germany).

In our analysis, asthma prevalence was lower than estimates from a survey of self-reported or physician-diagnosed patients (4.8%) [6] or 2005 health insurance data (6.34%) [9]. These differences could be explained by different methodologies used in these studies. For example, in the survey analysis the inclusion of patients with self-diagnosed asthma may have led to overestimation. On the other hand, the current study only considered those treated with ≥2 prescriptions from office-based general practitioners, paediatricians, and/or pulmonologists, and did not consider patients with private health insurance, which covers approximately 10% of prescribed R03 medications. In addition, as the presence of asthma is predicted by medication history, those with mild disease (the largest group of asthma patients) may use medications less specific to asthma, which the model may not have considered. Therefore, patients with occasional or seasonal treatment who may report to have asthma in a survey are difficult to quantify reliably in this study. Finally, performance metrics of our model that indicated precision and recall of 90% and 93%, respectively, suggest we are likely to miss 7% of asthma patients and include 10% who are not asthma patients.

Our analysis revealed differences in prescribed asthma treatments both by region and by asthma severity. We found that OCS use overall and prescriptions defined as high OCS use were common but were even more prevalent among patients receiving GINA Step 5 treatment. These findings are similar to those reported by other national or international studies. A study in France found that 17% of patients with asthma had received OCS during the course of 1 year [10]. A recent systematic literature review of studies reporting OCS use for patients with asthma found that up to 60% of those with severe asthma had received treatment considered to be high OCS use and up to 93% had received acute OCS treatment over the course of a year [4]. Patients in northeast Germany were prescribed the least acute OCS courses for an exacerbation, and patients in Baden-Württemberg were prescribed the most high OCS use regimens. The percentage of patients receiving biologic therapies varied 3–30% across regions. Regions with the greatest densities of pulmonologists had greater percentages of patients receiving biologic therapies, smaller percentages receiving high OCS treatment, and overall, less OCS use. Health care regulations exist at the national level in Germany, but for the most part, health care policy is regional. There are 17 KVs with their own regulations, including larger cities (e.g., Berlin and Hamburg) that are their own regions. In addition, there are 152 health insurance entities, including 43 private and 109 public. The differing policies of these regional associations and health insurance entities may potentially explain much of the heterogeneity observed in our analyses.

Both acute OCS and high OCS use are associated with substantially increased risks of acute and chronic adverse events [4]. This risk begins at a lifetime cumulative exposure of 1.0–2.5 g for different adverse events [3]. The risk of type 2 diabetes begins at a cumulative exposure of just 0.5–1.0 g. Our findings revealed median annual cumulative dosages of 400 mg among all patients and 1.0 g among those receiving GINA Step 5 treatment, suggesting the current treatment patterns across Germany put many patients with asthma at substantial risk for OCS-associated adverse events. However, our findings on medication use are based on prescription data, which do not stipulate how much of the medications were actually used. Thus, OCS exposure may have been overestimated.

Our analysis provides some interesting insights into the different patterns of asthma prevalence and treatment across Germany. However, it has some potential limitations. Prescriptions issued during hospital emergency department or inpatient care and prescribed at hospital pharmacies were not captured, which may have resulted in underestimation of treatment for severe, uncontrolled disease. In contrast, overestimation of treatment may have occurred if prescriptions were not used or were indicated for conditions other than asthma, such as colitis, rheumatic disease, or mild asthma. In addition, there may have been regional differences in the completeness of patient medical histories, which could have impacted results. The location of health care professionals who prescribed OCS was used as a proxy for patient location, which may not have been accurate on all occasions. Data may have also been affected by small numbers of patients with severe asthma in some regions, and there was no standardisation for age or sex, or adjustment for exacerbation history. Finally, definitions of acute and high OCS treatment regimens vary widely across studies, and those and other parameters and others such as GINA step and asthma severity required assumptions for use in our model. Thus, it is difficult to compare estimates between studies.

Despite these limitations, our analyses clearly highlight that asthma prevalence and treatment patterns in Germany varied across regions and that OCS use appeared to be more common than recommended by guidelines. Of note, regions with less OCS use tended to have greater biologic use. This variation may be because of greater numbers of pulmonologists in these regions and differences in reimbursement guidelines in the different KVs. Another interesting observation was that severe, uncontrolled asthma may be more common in regions with a lower density of pulmonologists. Overall, our characterisation of regional variations in asthma prevalence and treatment across Germany reveals that asthma may not be appropriately managed in non-specialty clinical settings. Improving our understanding of the differences in regional approaches to manage asthma is an important initial step towards improving asthma care throughout Germany and could help drive future initiatives.
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[bookmark: _Hlk31724274]FIGURE LEGEND

Figure 1. Map of the 17 Kassenärztliche Vereinigungen (Medical Associations) in Germany

Figure 2. Distribution of Patients into GINA Steps During the 1-Year Observation Period
GINA, Global Initiative for Asthma.
GINA steps were assigned based on the most severe GINA step with a duration of ≥14 days.

Figure 3. Heat Maps of Asthma Prevalence by Region in Germany for (A) All Asthma,a (B) Severe Asthma,b and (C) Severe, Uncontrolled Asthmac
GINA, Global Initiative for Asthma. 
aOverall asthma is defined as patients at GINA Step 1–5. 
bSevere asthma is defined as patients at GINA Steps 4–5. 
cSevere, uncontrolled asthma is defined as patients at GINA Steps 4–5 with ≥2 acute OCS prescriptions per year.

Figure 4. Percentage of Oral Corticosteroid Prescriptions by Prescriber Speciality
OCS, oral corticosteroid.
Acute OCS is defined as patients with treatment duration <10 days based on strength and package size.
High OCS is defined as 1 tablet per day for the duration of therapy.


Figure 5. Distribution of Cumulative Prescribed Oral Corticosteroid Dosage per Patient Over 1 Year for (A) All Patients, (B) Acute OCS Patients,a and (C) High OCS Patientsb
GINA, Global Initiative for Asthma; OCS, oral corticosteroid.
aDefined as patients with treatment duration less than 10 days based on strength and package size.
bDefined as 1 tablet per day for the duration of therapy.

Figure 6. Heat Maps of (A) Cumulative Oral Corticosteroid Exposurea and (B) Percentages of Patients with Asthma Who Used Acute Oral Corticosteroidsb Over 1 Year
OCS, oral corticosteroid. 
aDefined as OCS dosage per patient with prescription.
bDefined as percentages of patients receiving acute OCS treatment.

Figure 7. Heat Maps of Patterns of (A) High Oral Corticosteroid Usea and (B) Biologic Use for Patients Receiving GINA Step 5 Treatment
GINA, Global Initiative for Asthma.
aDefined as 1 tablet per day for the duration of therapy.

Figure 8. Heat Map of Office-Based Pulmonologist Densitya
aExpressed as pulmonologist(s) per 100,000 total population.
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