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Abstract

Introduction Asthma is associated with a substantial eco-

nomic burden on the German Statutory Health Insurance.

Aims and objectives To determine costs and resource

utilization associated with asthma and to analyze the impact

of disease severity on subgroups based on age and gender.

Methods A claims database analysis from the statutory

health insurance perspective was conducted. Patients with

an ICD-10-GM code of asthma were extracted from a 10 %

sample of a large German sickness fund. Five controls for

each asthma patient matched by age and gender were

randomly selected from the same database. Costs and re-

source utilization were calculated for each individual in the

asthma and control group. Incremental asthma-related costs

were calculated as the mean cost difference. Based on

prescribed asthma medication, patients were classified as

intermittent or persistent. In addition, age groups of B5,

6–18, and[18 years were analyzed separately and gender

differences were investigated.

Results Overall, 49,668 individuals were included in the

asthma group. On average, total annual costs per patient

were €753 higher (p = 0.000) compared to the control

group (€2,168 vs. €1,415). Asthma patients had sig-

nificantly higher (p = 0.000) outpatient (€217), inpatient
(€176), and pharmacy costs (€259). Incremental asthma-

related total costs were higher for patients with persistent

asthma compared to patients with intermittent asthma

(€1,091 vs. €408). Women aged[18 years with persistent

asthma had the highest difference in costs compared to their

controls (€1,207; p\ 0.0001). Corresponding healthcare

resource utilization was significantly higher in the asthma

group (p = 0.000).

Conclusions The treatment of asthma is associated with

an increased level of healthcare resource utilization and

significantly higher healthcare costs. Asthma imposes a

substantial economic burden on sickness funds.

Keywords Asthma � Claims data � Cost of illness �
Disease severity � Persistent � Intermittent

JEL Classification I10

Introduction

Asthma is a chronic inflammatory disorder of the airways

and one of the most common chronic diseases in Germany.

About 10 % of the pediatric population is suffering from

asthma [1–4] followed by adults with about 5 % [5–8]. The

prevalence of asthma in the Statutory Health Insurance

(SHI) is approximately 6 % [2]. Depending on the severity

of the disease, asthma poses a considerable burden on
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affected individuals, resulting in loss of productivity and

participation in family life [9]. The disease also represents

a constant major economic burden for the German statutory

healthcare system [2, 10, 11] with approximately €1.789
billion in 2008, accounting for 0.7 % of the total healthcare

expenditure in Germany [12]. Several studies have asses-

sed the costs of asthma in the German setting, considering

a payer’s perspective or a societal perspective [2, 5, 10, 11,

13–16]. Yet, further research is required as data of the

available studies is fragmentary and does not include all

relevant cost domains. Due to methodological limitations,

the reported results for the resource use and costs strongly

rely on assumptions, which are associated with uncertainty.

Moreover, most studies used cost data that can be consid-

ered as obsolete reaching from 1992 to 2000 as reference

years for cost calculation. Former studies reported disease

severity as a considerable factor, with a significant impact

on total asthma costs [11, 17]. Hence, a detailed analysis of

the influence of disease severity on resource use and costs

is advisable. The aim of this study was to identify resource

utilization for patients with asthma and the average disease

related costs on an individual patient level. Further objec-

tives were to analyze the impact of disease severity for

subgroups based on age and gender, which is still lacking

for the German setting [18].

Materials and methods

Data and study population

Claims data from German sickness funds include age and

gender of the insured individual and detailed reimbursement-

related data for outpatient care, inpatient care, pharmaceuti-

cals, therapeutic devices, rehabilitation, and sick leave. Every

single healthcare service reimbursed by the sickness fund can

be identified and analyzed. All information on the different

healthcare services can be linked on an individual patient

level via a unique identification code. [19].

Anonymized claims data from the largest German

sickness fund (Techniker Krankenkasse) were analyzed.

The sickness fund covered approximately 8 million persons

in 2010. Patients with a diagnosis code of asthma (Inter-

national Statistical Classification of Diseases and Related

Health Problems, 10. Revision, German Modification ICD-

10-GM; Asthma bronchiale: J45.0, J45.1, J45.8, J45.9;

Status asthmaticus: J46) were identified in the inpatient or

outpatient setting. Primary and secondary diagnosis codes

in the inpatient setting and confirmed diagnosis codes in

the outpatient setting were taken into account. The criterion

‘‘confirmed’’ is an additional attribute in the outpatient

data. It clarifies the certainty of the diagnosis. The study

period was from January 1, 2010 to December 31, 2010.

Patients were required to be continuously insured within

the study period. Individuals who died in the study period

were excluded from the analysis. Due to data protection

regulations, a 10 % random sample of all identified asthma

patients was used for further analyses.

To reflect disease severity, all asthma patients were stra-

tified as having either intermittent or persistent asthma. The

classification was based on prescribed asthma medication.

Patients with a record of any of certain asthma medications

(long-acting b2-agonist (LABA; ATC: R03AC13, R03AK07,
R03AK72, R03AC12, R03AK61, R03AK06, R03CC12,

R03CC13, R03CC14, R03CC63, R03AK71), leukotriene

modifiers (LTRA, ATC: R03DC03), inhaled corticosteroid

(ICS; ATC: R01AD01, R03BA01, R03BA02, R03BA08,

R03BA05, R03BA07), oral corticosteroid (OCS; ATC:

H02AB03, H02AB04, H02AB07, H02AB06, H02AB56,

H02AB08), Anti-IgE;ATC:R03DX05), Theophylline (ATC:

R03DA04, R03DA54), and ipratropium bromide (ATC:

R03BB01) or a documented hospitalization with a primary

diagnosis of asthma (ICD-10-GM; Asthma bronchiale: J45.0,

J45.1, J45.8, J45.9; Status asthmaticus: J46) were classified as

having persistent asthma; whereas patients receiving only

reliever medication (i.e. at least one prescription of a short-

acting b2-agonist; ATC: R03AC04, R03AK03, R03AK05,
R03AC02, R03CC02, R03AC03, R03CC03) or no asthma

specific medication were classified as having intermittent

asthma.

In addition to the observation of the whole study

population, different age groups of B5, 6–18, and

[18 years were analyzed. Moreover, differences in gender

groups were investigated.

Control group design

A randomly selected control group of individuals without

asthma was extracted from the population of the par-

ticipating sickness fund. To ensure the control group had

no history of asthma, these insured persons were required

to have an asthma diagnosis-free record for the time of the

study period and the 2 years prior to that time frame. Five

controls were matched exactly by year of birth and gender

to each selected asthma patient.

Calculation of costs and healthcare resource utilization

Costs and healthcare resource utilization (HRU) were cal-

culated from the perspective of the statutory health insur-

ance. Patient co-payments or out-of-pocket payments were

not considered. German healthcare insurance covers almost

all accruing costs [20]. All costs were calculated on an

annual scale for each individual patient in the asthma and

in the control group. Costs were calculated separately for

each of the six domains––outpatient care, inpatient care,
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pharmaceuticals, therapeutic devices and remedies, reha-

bilitation, and sick leave payments to identify potential cost

drivers. Outpatient care covers all costs for services per-

formed in an outpatient setting. Inpatient care summarizes

all costs of performed services and administered drugs

during inpatient stays. Pharmaceuticals include the costs of

drug prescriptions in the outpatient setting. Therapeutic

devices (Hilfsmittel) are devices such as walkers and

wheelchairs to support the patient in recovering and ev-

eryday care. Remedies (Heilmittel) are services such as

massages or occupational therapy provided by medically

trained personal. The costs of rehabilitation are covered by

the sickness fund for individuals who are not part of the

workforce such as children and retirees. The costs of sick

leave payments are covered by the sickness funds for

employees beginning with the seventh week of sick leave,

the first 6 weeks have to be paid by the employer. Total

costs were calculated as the sum of the six domains.

Asthma-related costs were calculated as the mean cost

difference between the costs of the asthma group and the

matched control group (incremental approach).

The reimbursement of services in the outpatient care

setting in Germany is regulated by the Uniform Valuation

Scheme (EBM). The majority of services are not invoiced

directly by means of a monetary value but by a system of

weighted points. Euro-based charges can be accounted for

selected services, such as transportation, documentation,

and some screening. To assess the monetary payment in the

outpatient setting, the weighted points are usually multi-

plied by a uniform orientation value, which is defined by the

National Association of Statutory Health Insurance Physi-

cians [21]. Weighted points for the year 2010 were multi-

plied by a uniform orientation value of 0.035048 euros [22].

The utilization of healthcare resources was assessed in

terms of the numbers of outpatient visits, number of in-

patient visits, number of days in the hospital, number of

prescriptions, number of therapeutic devices and remedies,

number of days of sick leave payment for the sickness

fund, and number of days of rehabilitation. Outpatient

visits were approximated by counted dates of invoiced

EBM codes. In line with the cost calculation, the asthma-

related resource utilization was calculated as the mean

difference in each category between the asthma group and

the control group (increment).

Statistical testing was applied by using a t test to de-

termine the significance of differences in healthcare re-

source utilization and costs.

Results

A total of 49,668 individuals with ICD-10-GM asthma

coding in 2010 are included in the study, as well as 248,340

individuals for the control group approach. The study

population consists of 51.5 % females and 48.5 % males;

the average age in both groups is 38.5 years.

On average, patients with asthma have more outpatient

and inpatient visits, a higher amount of prescriptions for

pharmaceuticals and likewise for therapeutic devices and

remedies, more days in hospital, more days of sick leave

payments, and more days of rehabilitation in 2010 in

contrast to the control group (see Table 1). The number of

outpatient visits and the number of prescriptions are sig-

nificant with approximately six more consultations per year

and almost twice as many drug prescriptions as compared

to their controls.

The calculation of mean annual costs per patient for the

asthma group results in total costs of €2,168 in 2010. Most

of these costs are attributable to inpatient care (29.8 %),

outpatient care (28.9 %), and pharmacotherapy (25.8 %).

Therapeutic devices and remedies (7.4 %) and sick leave

payments (6.4 %) are also relevant but less important.

Rehabilitation costs only account for 1.6 % of the total

costs (see Table 2).

In contrast, mean annual costs for an insured person in

the control group totaled €1,415. Inpatient care was also

the cost driver (33.2 %). The share of outpatient care

(28.9 %) was equal compared to the asthma group whereas

the share of pharmacotherapy (21.3 %) was slightly lower.

The costs for therapeutic devices and remedies (8.7 %) and

for sick leave payments (6.5 %) also played a minor role.

The impact of rehabilitation costs (1.5 %) on the total costs

was negligible.

The control group design enables the calculation of

disease-related costs for asthma by subtracting the mean

costs per domain of the asthma group from the mean cost

per domain of the control group. In contrast to the overall

costs per asthma patient, incremental asthma-related costs

(see Table 2) are highest for pharmacotherapy with €259
(34.4 %). Outpatient care (29.0 %) and inpatient care

(23.4 %) are still major components of the asthma-related

total costs. Sick leave payments (6.2 %) and therapeutic

devices and remedies (5.1 %) have a slightly smaller share

than in the overall cost perspective. Rehabilitation remains

of minor importance.

Several studies have suggested that asthma-related costs

increase with disease severity [11, 13]. To investigate the

impact of disease severity on cost levels, patients were

grouped into individuals with intermittent and persistent

asthma. According to our classification algorithm, 52 % of

the asthma patients have persistent asthma. An additional

stratification of patients by gender and age groups provides

even more detailed information of the distribution of dis-

ease-related costs (see Table 3). Annual total costs and

incremental asthma-related costs are higher for patients

that were classified as having persistent asthma. For both
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genders, asthma-related costs are highest in the age group

over 18 years with persistent asthma.

Discussion

Considering the widespread prevalence of asthma in the

German population, the economic burden of the disease is

a significant challenge for the Statutory Health Insurance.

Pharmacotherapy and outpatient care are the major cost

drivers for incremental asthma-related costs, which is

consistent with existing literature [2, 13]. The costs for

inpatient care are still considerable with 23 % of the

asthma-related costs.

Depending on patient characteristics and asthma sever-

ity, overall and incremental asthma-related costs might

vary substantially. On average, overall total costs per pa-

tient with asthma were lowest with €723 in the group of

females from 0 to 5 years with intermittent asthma or

wheezing. In contrast, the lowest mean cost for the treat-

ment of asthma is €107 within the group of females from 6

to 18 years. The highest mean overall incremental asthma-

related costs were found in the group of women with

persistent asthma above the age of 18 and amounted to

€1,208.
Although randomly selected, the proportion of male

and female patients in the study sample reflects the data

on 12-month asthma prevalence presented in the lit-

erature. In the childhood population, the 12-month asthma

prevalence of male patients is higher (3.4–11.8 %) com-

pared to female patients (2.5–9.2 %) [1–3], whereas in the

adult population, women are more likely to have asthma

with a 12-month prevalence of 6.2 % compared to adult

men with 4.2 % [7].

The strength of the present study is its potential to de-

scribe the resource utilization and costs of asthma under

real-life conditions and for the whole spectrum of services

reimbursed by the Statutory Health Insurance system.

Moreover, we are able to show that asthma is more ex-

pensive compared to the age- and gender-matched sickness

fund population. Due to the nature of German sickness

fund claims data, the presented resource utilizations and

costs provide a complete picture of all health services re-

imbursed by the sickness fund on the patient level. This is

one of the key advantages of this data source for the

execution of health economic analysis from the perspective

Table 1 Mean healthcare

resource utilization in 2010

Significant a = 0.05;

*** p value = 0.000

Type of resource utilization Asthma group

(n = 49,668)

Control group

(n = 248,340)

Incremental asthma-related

healthcare resource utilization

(difference of means)

Number of all outpatient visits 16.47 10.74 5.73***

Number of all hospitalizations 0.25 0.17 0.08***

Number of days in hospital 1.79 1.23 0.56***

Number of drug prescriptions 11.22 5.79 5.43***

Number of therapeutic devices

and remedies

1.13 0.74 0.39***

Days of sick leave payment 2.49 1.61 0.88***

Days of rehabilitation 0.29 0.21 0.08***

Table 2 Costs of asthma patients and incremental asthma-related costs in 2010 in euros

Type of cost Asthma groupa Control groupb Incremental asthma

related

Minimum Maximum Standard deviation Mean Mean Difference of means

Outpatient care 0 34,019 904 627 409 218***

Inpatient care 0 161,855 3,044 645 469 176***

Pharmaceuticals 0 390,423 3,213 560 301 259***

Therapeutic devices and remedies -257c 41,667 674 161 123 38***

Rehabilitation 0 29,321 436 36 21 15***

Sick leave paymentsd 0 55,132 1,647 139 92 47***

Total -3c 399,180 5,740 2,168 1,415 753***

a n = 49,668, b n = 248,340, significant a = 0.05; *** p value = 0.000
c Claims data is collected for accounting purposes. Negative costs might occur as a result of reversals and regresses
d A total of 1,087 individuals in the asthma group (2.2 %) and 3,831 individuals in the control group (1.5 %) received sick leave payments
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of the sickness fund compared to other primary and sec-

ondary data sources [19].

This is the first study for Germany that consistently re-

ports the cost of illness for asthma from the perspective of

the SHI using claims data. Stock et al. [2] calculated direct

costs of €48.2 million for asthma-related hospitalization,

€62.5 million for inpatient rehabilitation, and €579.7 mil-

lion for asthma-specific medication using claims data and

data from national statistics for the year 1999.

Schramm et al. [13] reported direct costs for patients

with asthma and seasonal allergic rhinitis in a range from

€569 per adult patient with only seasonal allergic rhinitis to

€2,048 for patients with severe asthma and seasonal al-

lergic rhinitis for the year 2000. Data for cost calculation

was collected by patient questionnaires and patients’

records. The study population consisted of 500 individuals.

Weinmann et al. [14] investigated the costs of asthma in

children resulting in average treatment costs of $627 per

year. Data was collected from chart review of the involved

physicians. Costs were calculated on a 1996 basis and

converted to US$. A total of 76 children with asthma

participated in the study.

Weißflog et al. [10] estimated total asthma costs of

€2.97 billion for the German setting in 1996 using data

from the AOK sickness fund statistics and the statistical

yearbook. Direct asthma costs were €1.92 billion.

Schulenburg et al. [11] analyzed data from 216 asthma

patients in Germany collected by questionnaires in par-

ticipating doctor’s offices. Direct asthma costs of adult

patients ranged from €1,060 to €4,073 with increasing

disease severity. The direct asthma costs for children in-

creased from €1,327 to €2,460, respectively. The calcula-

tion was based on 1994/95 cost information.

Nowak et al. [5] estimated the costs of asthma for

Germany. Direct asthma costs amounted to €1.613 billion

in 1992. Data was collected from available literature

sources and extrapolated to the German population.

A recent review from Kirsch et al. [16] estimated annual

asthma-specific costs of €445 to €2,543 per patient from

the social perspective. Cost data was collected from pub-

lished cost-of-illness studies and adjusted for the year

2010. Direct asthma costs ranged from €175 to €1,718 and

were reported in detail for outpatient care (€109–€292),
inpatient care (€12–€100), pharmaceuticals (€139–€484),
and rehabilitation (€9–€64). Sick-leave payments (€64–
€379) were also reported, but were not part of the calcu-

lation of total asthma costs. The reported cost data provides

an estimate of the costs of asthma from a social and the

payer’s perspective using the available data.

Nevertheless, none of the included studies considered all

relevant cost domains and the calculations were mostly

based on assumptions or were estimated when specific data

were missing or were not detailed enough. The presentT
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cost-of-illness study fills the gap by considering all relevant

cost domains from the perspective of the sickness fund.

Because sickness fund claims data contain all reimbursed

services attached to single individuals, the results in this

study are more precise than the former assumption-based

calculations. Moreover, our study provides deeper insights

into the distribution of asthma costs and related resource

utilizations for different age groups, gender, and disease

severity.

The study design with a control group approach is a

valid instrument to calculate asthma costs based on the

difference in total healthcare costs (incremental costs).

These incremental asthma-related costs not only cover di-

rect treatment costs of asthma but also the costs of an

increase of co-morbidities and a worsening of already ex-

isting co-morbidities. The large asthma group and the even

bigger control group with five controls per asthma patient

ensure a robust calculation of incremental asthma-related

costs [19].

Besides the strengths of the present study, there are

some limitations that should be presented. There is only

limited socio-economic information available in the claims

data of German sickness funds. Information regarding age

and gender of the insurant is available, but no further in-

formation concerning social status or income. Moreover,

information about quality of life and behavior patterns like

smoking are not covered in the data [23]. Therefore, a

matching of investigated individuals with their controls is

only possible by age and gender. Other patient character-

istics that might influence resource utilization and reim-

bursement could not be considered by this approach.

Another limitation associated with claims data analysis

in general and with the present study in particular is the

absence of clinical information (e.g., results of laboratory

test or blood pressure, in this case lung function, allergic

status) [24]. Therefore, it is not possible to definitively

distinguish between different asthma control stages or

severities. As a proxy, we used the claims for asthma-

related medication to approximate the disease severity for

each patient.

Inpatient stays in Germany are reimbursed via a diag-

nosis-related group (DRG)-based system where a fixed

amount is paid depending on the DRG per case. The

amount differs with some parameters (e.g., the presence of

complication), but not with the medication administered

during the stay. All medication is reimbursed by the fixed

amount per DRG. Therefore, no separate documentation

exists within the claims data of a German sickness fund for

the administered medication within an inpatient stay [25].

In fact, the applied algorithm to classify asthma severity

relies on information of the prescribed medication. Patients

with no record of an asthma-specific medication but with

an asthma-related inpatient stay were classified as having

persistent asthma if the asthma diagnosis was recorded as

the primary diagnosis and as having intermittent asthma if

the asthma diagnosis was recorded as the secondary diag-

nosis. There might be cases where this approach leads to a

misclassification of the very patient. However, there were

only 192 cases where that rule was applied. From a clinical

standpoint, these individuals should be classified as pa-

tients with persistent asthma.

In practice, health care services in the outpatient setting

are reimbursed by a fixed amount paid by the sickness

funds to the Associations of Statutory Health Insurance

Physicians (KV) on a quarterly basis. This practice limits

the costs for outpatient services from the perspective of the

statutory health insurance. Nevertheless, Braun et al. [26]

recommended a monetary attribution of weighted points of

the Uniform Valuation Scheme (EBM)—as adopted in this

study—to take opportunity costs into account. Opportunity

costs might occur because of more time-consuming ser-

vices for specific diseases as physicians have only limited

timely resources to treat all their patients. However,

monetary values for weighted points differ in the ac-

counting practices in the particular administrative districts

of the National Associations of Statutory Health Insurance

Physicians. Therefore, an average value was used to assess

the invoiced Uniform Value Scale points and transform

them into a monetary value. Differences from that mean

value might occur in some regions and therefore under- or

overestimate the monetary value of an invoiced service for

a specific region.

Some services in the outpatient setting are only reim-

bursed once per quarter. Therefore, the calculation of

outpatient visits by counting the dates of invoiced EBM

codes per patient might result in an underestimation of

actual number of outpatient visits. However, these un-

counted outpatient visits result in no additional costs from

the payer perspective.

Finally, by using only data of the biggest German

sickness fund, although nationwide, the results might not

be fully representative for the whole German Statutory

Health Insurance population.

Conclusions

Considering the widespread prevalence of the disease in

the German population, the economic burden is significant.

Incremental asthma-related costs vary substantially ac-

cording to disease severity and patient characteristics. They

increase considerably with higher age and the manifesta-

tion of persistent asthma. As for the resource use, the

disease results in a significantly higher utilization of

healthcare resources, not only drugs but also outpatient

care as well as inpatient care. To direct future
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interventions, like disease management programs, further

research regarding the diversity of asthma characteristics

and especially the identification of high-cost patient groups

is needed.
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