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ABSTRACT
Introduction: Asthma is among the most common chronic conditions in children. The aim 
of this publication is to describe prevalence rates and factors associated with asthmatic or 
wheezing preschoolers and to evaluate medical care and treatment with regard to urban–
rural differences.
Methods: Data for this cross-sectional study were collected through a questionnaire, which 
was distributed to parents within the Health Monitoring Units in Bavaria (HMU), Germany. 
Data from 4767 children were available (2016/17). Those children were classified into four 
diagnostic groups: Unremitting Wheeze, International Study of Asthma and Allergies in 
Children (ISAAC) Asthma, Physician-diagnosed Asthma, and healthy control group. Urban–rural 
differences were tested by Pearson’s chi-squared test or by Fisher’s exact test. Independent 
variables were factors associated with health outcomes, for example, residency or migrant 
status. To examine associations between independent and outcome variables multivariate 
logistic regression analysis was performed.
Results: Prevalence rates were 6.3% for ‘Unremitting Wheeze’, 5.2% for ‘ISAAC Asthma’, and 
1.2% for ‘Physician-diagnosed Asthma’. Factors associated with health outcomes were the 
occurrence of asthma in first-degree relatives, male sex, and migrant status. Generally, higher 
rates of doctor’s visits, positive allergy tests, and corticosteroids intake in the diagnostic 
groups in rural compared to urban areas were observed. Rates of performed allergy tests 
were 55.6% for ‘ISAAC Asthma’ and 74.6% for ‘Physician-diagnosed Asthma’.
Conclusions: Prevalence rates of the diagnostic groups decreased compared to the HMU 
2014/15. According to previous studies, factors associated with asthmatic or wheezing health 
outcomes could be confirmed. Children in rural areas generally received more medical care.

Abbreviations:  HMU: Health Monitoring Units in Bavaria; ISAAC: International Study of 
Asthma and Allergies in Children; OR: odds ratio

KEY POINTS
•	 Children’s prevalence rates of asthma or wheezing disorders decreased in the past 2 

years within Bavaria.
•	 This study is consistent with risk factors for asthma from the literature: asthma in the 

family, male gender, and migrant status.
•	 Children in rural areas receive more medical care than children in urban areas.
•	 There should me more allergy tests among children with medical diagnosis in Bavaria 

as low rates indicate gaps in care.

Introduction

Asthma is a chronic bronchial inflammatory reaction 
and the most common chronic disease in children. 
It is also among the top 20 chronic conditions in the 

global ranking of disability-adjusted life years (1). The 
etiology is multifactorial and mutual influences of 
genetic and environmental factors are of great 
importance for the development of asthma (2). Due 
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to differences in the pathophysiology and clinical 
phenotypes, asthma is considered as a heterogeneous 
disease (3). Main clinical manifestations of asthma 
are wheezing, breathlessness (dyspnea), chest tight-
ness, coughing, sputum production, and variable 
limitation of expiratory airflow (2). However, it 
remains difficult to diagnose asthma in children 
younger than six years of age. This is because, 
among other things, lung function tests often cannot 
be completed (3,4). Without a diagnosis of asthma, 
wheezing remains one of the leading symptoms of 
asthma at this age (5,6). For this reason, alternative 
approaches to the possible presence of asthma in 
preschool children have emerged. Besides clinical 
wheezing phenotypes, the asthma definition accord-
ing to the ISAAC study has also become established 
in recent years (6). Wheezing disorders have a mul-
tifactorial nature as well and occur frequently in 
preschool children. The cumulative prevalence rate 
of ‘Wheeze’ is almost 50% within the first 6 years 
of life and mainly associated with viral respiratory 
infections (7). In Germany, about 6% of all children 
suffer from Asthma (8). Medical treatment in pre-
school children involves different therapeutic strat-
e g i e s ,  i n c l u d i n g  p h a r m a c o l o g i c a l  a n d 
non-pharmacological measures. Regarding wheezing 
disorders, medical treatment is similar to those in 
asthma guidelines, for instance recommendations 
for drug interventions or control of external vari-
ables as avoidance of allergens and reduction of 
tobacco smoke exposure (3,7,9,10). Although 
national and international guidelines have been 
developed to improve healthcare for asthmatic chil-
dren and most children can be easily treated with 
medication that is both safe and effective, asthma 
in children is sti l l  poorly controlled (11). 
Internationally, many studies have been conducted 
on asthma control, while in Germany and particu-
larly in Bavaria there is little literature on the med-
ical care of respiratory diseases in preschool 
children. Consequently, more research is needed to 
identify possible deficits in this important public 
health field. For structural analyses and health pol-
icy measures, it can be important to know the dif-
ferences in the health care situation between urban 
and rural areas.

The aim of this study is to describe current prev-
alence rates and factors associated with unremitting 
wheezing, ISAAC asthma, physician-diagnosed 
asthma, and a healthy control group in Bavarian 
preschoolers. Additionally, the study aimed to 

evaluate respective medical care and treatment for 
each group with a focus on rural and urban 
differences.

Materials and methods

Data collection

The data for the present study were obtained from a 
cross-sectional study performed in 2016–17 and were 
provided by the Health Monitoring Units in Bavaria 
(HMU). The German name of the study is ‘Gesundheits 
Monitoring Einheiten’ (GME). The HMU were estab-
lished in 2004 by the Bavarian Health and Food Safety 
Authority and are supported by the Bavarian State 
Ministry of Health and Care. The HMU surveys are 
conducted every two years in three urban (Munich, 
Ingolstadt, Bamberg city) and three rural (Schwandorf, 
Guenzburg, Bamberg rural district) regions. The ques-
tionnaire was developed as a tool to collect data on 
important health and socioeconomic aspects in preschool 
children. The HMU have been approved by the local 
ethics committees (13th September 2004, Nr. 04157, 
Bayerische Landesärztekammer/Ethikkommission). The 
informed consent has been given in writing. For more 
information on the HMU and the study regions please 
refer to Bolte et  al. (12). Parents were asked to fill out 
a paper questionnaire. Participation was voluntary.

Health outcome variables

Based on the parent responses to the surveys, four 
diagnostic groups were defined. ‘Unremitting Wheeze’, 
which was defined as ‘having symptoms between dis-
tinct wheezing episodes’ or ‘having wheeze without a 
cold with fever or rhinitis’; ‘Physician-diagnosed 
Asthma’ was defined as ‘physician’s diagnosis of asthma 
at least once per lifetime’; ‘ISAAC Asthma’ was spec-
ified as ‘physician’s diagnosis of asthma at least once 
per lifetime or recurrent diagnoses of asthmatic, spas-
tic, or obstructive bronchitis’. The definition of ‘ISAAC 
Asthma’ followed the definition of the International 
Study of Asthma and Allergies in Children (ISAAC). 
Children who did not belong to any of the three 
groups formed the ‘healthy control group’. Due to the 
nature of the disease progression, a child could belong 
to more than one diagnostic group at the same time.

Sociodemographic variables

The following variables were analyzed to describe the 
study population: ‘age’, ‘sex’, ‘siblings’ (no siblings, at 
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least one older sibling, younger siblings, or twins), 
‘migrant status’ (both parents born abroad or child 
born abroad and at least one parent born abroad), 
‘parents smoking at home’ (yes or no), ‘mother smok-
ing during pregnancy’ (yes or no), ‘asthma in 
first-degree relatives’ (yes or no), and ‘parental school 
education’ (low, middle, or high).

Medical care and treatment

In terms of medical care and treatment, the question-
naire comprised information on the ‘frequency of visits 
to general practitioners or pediatricians within the 
past 12 months’, the ‘presence of a peak-flow-meter’ 
to assess pulmonary function, performance and results 
of ‘allergy tests’ (positive or negative), ‘inpatient or 
outpatient medical treatment for respiratory condi-
tions’, and the ‘daily intake of medication for the treat-
ment of respiratory symptoms during the past 12 
months’ (only Corticosteroids, Corticosteroids and 
Beta2-adrenergic antagonist, and Beta2-adrenergic 
antagonist and Leucotriens).

Descriptive and statistical analysis

Sociodemographic characteristics as well as medical 
care and treatment variables were stratified by resi-
dency for the total population and diagnostic groups. 
The data were described using absolute and relative 
frequencies. Urban–rural differences were tested by 
Pearson’s chi-squared test or in case of group sizes 
smaller than five cases by Fisher’s Exact test. In order 
to investigate the association between factors associ-
ated with health outcomes and diagnostic groups as 
well as medical care and treatment variables and diag-
nostic groups, multiple multivariable logistic regression 
analysis have been performed. In the logistic regres-
sion analysis the independent variables were ‘residency’ 
(urban vs. rural), ‘sex’ (male vs. female), ‘having older 
siblings’ (yes vs. no), ‘migrant status’ (yes vs. no), 
‘asthma in first-degree relatives’ (yes vs. no), ‘parental 
education’ (high vs. low), ‘smoking at home’ vs. ‘never 
smoking’ and ‘smoking during pregnancy’ vs. ‘never 
smoking’. The outcome variables were ‘Unremitting 
Wheeze’, ‘ISAAC Asthma’, ‘Physician-diagnosed 
Asthma’, ‘visit pediatrician or general practitioner’(>4 
times in the last 12 months), ‘positive allergy test’, and 
‘intake only corticoids’ (in last 12 months). Odds ratios 
(OR) have been adjusted in the model for all the other 
independent variables listed. Factors associated with 
health outcomes were used as independent variables 
in both cases and diagnostic groups respectively 

medical care and treatment variables were used as 
dependent variables. The ‘healthy control group’ served 
as reference group.

In the logistic regression analysis with medical care 
and treatment variables, the authors excluded the vari-
ables ‘smoking at home’ and ‘mothers smoking in 
pregnancy’ due to the small sample size. Significance 
was tested at a 0.05 significance level. Results were 
presented as OR with 95% confidence intervals (95% 
CI). All statistical analyses were performed using SAS, 
version 9.2 (SAS Institute Inc., Cary, NC, USA).

Results

Description of the study population

As shown in Table 1, data from 4767 children (response 
rate = 54,3%) were available with a mean age of 5.4 years, 
51.3% of all children were male and 51.5% lived in 
urban areas. 6.3% of the children belonged to 
‘Unremitting Wheeze’, 5.2% to ‘ISAAC Asthma’, and 
1.2% to ‘Physician-diagnosed Asthma’. Children of 
migrants (either both parents were born abroad or the 
child was born abroad and at least one parent was born 
abroad) accounted for 22.3% of the total population 
and between 14.0% (‘ISAAC Asthma’) and 28.5% 
(‘Unremitting Wheeze’) of the diagnostic groups. 
Statistically significant more migrants lived in urban 
compared to rural areas in the total population and in 
the group ‘Unremitting Wheeze’ compared to the healthy 
control group. Those children who had first-degree rel-
atives with asthma diagnoses accounted for 45.8% in 
the group ‘Physician-diagnosed Asthma’, which was the 
highest proportion among the diagnostic groups. Urban–
rural differences in parental education, most of which 
were statistically significant, could be observed both in 
the study population and in diagnostic groups with 
higher levels of parental education in urban areas.

Medical care and treatment

In general, higher rates of positive allergy tests results 
and corticosteroids intake were observed for diagnostic 
groups in rural compared to urban areas (see Table 
2). Frequent visits of general practitioners or pedia-
trician within the previous year were higher in chil-
dren with ‘Unremitting Wheeze’ (23.5%), ‘ISAAC 
Asthma’ (28.4%), or ‘Physician-diagnosed Asthma’ 
(30.5%) compared to the total population (11.9%) and 
were observed more often in rural areas. A statistically 
significant difference in residencies, with higher pro-
portions in rural areas, was observed for children with 
‘ISAAC Asthma’ and ‘Physician-diagnosed Asthma’ for 
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the ‘presence of a peak-flow-meter’. Prevalence rates 
of performed allergy tests were 45.3% (‘Unremitting 
Wheeze’), 55.6% (‘ISAAC Asthma’), and 74.6% 
(‘Physician-diagnosed Asthma’), with statistically sig-
nificant more allergy tests were performed in rural 
compared to urban areas in ‘Unremitting Wheeze’ and 
‘ISAAC Asthma’.  50.8% of  chi ldren in 
‘Physician-diagnosed asthma’, 28.8% of children in 
‘ISAAC Asthma’, and 23.5% of children in ‘Unremitting 
Wheeze’ had a positive allergy test with a tendency 
to higher shares in rural areas. The diagnostic group 
that used medical care services the most due to respi-
ratory conditions was ‘Unremitting Wheeze’ with a 
percentage of 99.3%. More frequent use of outpatient 
care services was observed in urban compared to rural 
areas and significantly more in children with 
‘Physician-diagnosed Asthma’. 79.7% of children with 
‘Physician-diagnosed Asthma’ took daily medication 
for respiratory conditions and thus represent the group 
with the highest proportion among the diagnostic 
groups. Further results can be found in Table 2.

Associations between factors associated with 
health outcomes and diagnostic groups

Boys were more likely to belong to ‘Unremitting 
Wheeze’ (OR = 1.45; 95% CI: [1.08–1.95]) and 

‘ISAAC Asthma’ (OR = 1.60; 95% CI: [1.17–2.18]) 
compared to girls. Children with migrant status were 
significantly 1.5 times more likely to suffer from 
‘Unremitting Wheeze’ (OR = 1.54; 95% CI: [1.10–
2.15]) compared to non-migrants. Children with a 
first-degree family member with asthma were more 
likely to belong to any of the three diagnostic groups 
(‘Unremitting Wheeze’: OR = 2.02; 95% CI: [1.44–
2.84], ‘ISAAC Asthma’ (OR = 2.74; 95% CI: [1.97–
3.81]), ‘Physician-diagnosed Asthma’ (OR = 4.12; 
95% CI:[2.19–7.76]) compared to children with no 
asthma cases in first-degree relatives. Further asso-
ciations, represented as OR can be found in Table 3.

Associations between factors associated with 
health outcomes and medical care and treatment 
variables

Children from urban areas took up less health care 
compared to children from rural areas. They visited 
pediatricians or general doctors less often (OR = 0.76; 
95% CI: [0.60–0.96]), performed allergy tests less often 
(OR = 0.80; 95% CI: [0.66–0.99]) and have taken cor-
ticosteroids only a third as frequently in the last 
12 months (OR = 0.29; 95% CI: [0.10–0.81]). Children 
with migrant status as well as children with asthmatic 
first-degree relatives had a significant higher likeliness 

Table 3. A ssociation between factors associated with health outcomes/medical care variables and diagnostic groups.
Diagnostic group Medical care

Unremitting 
Wheeze ISAAC Asthma

Physician-diagnosed 
Asthma

Visit pediatrician or general 
practitioner (>4 times in the 

last 12 months)
Positive allergy 

testa

Intake only 
corticoids (last 

12 months)

N = 298 N = 250 N = 59 N = 568 N = 312 N = 34
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Residency (urban vs. rural) 0.96 1.07 0.86 0.76a 0.80a 0.29a

(0.70–1.32) (0.77–1.49) (0.44–1.68) (0.60–0.96) (0.66–0.99) (0.10–0.81)
Sex (male vs. female) 1.45a 1.60a 1.70 0.81 1.25a 1.26

(1.08–1.95) (1.17–2.18) (0.89–3.22) (0.65–1.00) (1.04–1.51) (0.55–2.88)
Having older siblings (yes 

vs. no)
0.90 0.94 0.89 0.66a 0.55a 0.74

(0.62–1.31) (0.63–1.43) (0.41–1.92) (0.49–0.87) (0.43–0.70) (0.25–2.21)
Migrant (yes vs. no) 1.54a 0.71 1.49 1.46a 1.32a 0.76

(1.10–2.15) (0.47–1.08) (0.72–3.09) (1.14–1.87) (1.06–1.66) (0.25–2.38)
Asthma in first-degree 

relatives (yes vs. no)
2.02a 2.74a 4.12a 1.41a 1.70a 3.02a

(1.44–2.84) (1.97–3.81) (2.19–7.76) (1.07–1.85) (1.35–2.15) (1.287.12)
Parental education (high 

vs. low)
0.81 1.15 1.32 0.88 0.96 1.02

(0.58–1.13) (0.80–1.65) (0.60–2.91) (0.69–1.13) (0.77–1.20) (0.40–2.60)
Smoking at home vs. never 

smoking
1.78 1.09 0.71 n.a. n.a. n.a.

(0.81–3.88) (0.38–3.15) (0.09–5.50)
Smoking during pregnancy 

vs. never smoking
0.97 1.21 1.96 n.a. n.a. n.a.

(0.51–1.83) (0.64–2.31) (0.72–5.30)

Annotations: Variables were code as 0 when the factors associated with health outcomes were not present and 1 when it was present; Logistic 
regression analysis were performed comparing each of the diagnostic groups with the ‘healthy control group’. Medical care variables were coded 
binary and thus compared as the following: ‘Visit pediatrician or general practitioner (>4 times in the last 12 months) vs. ≤4 times’, ‘Positive 
allergy test vs. negative allergy test’, ‘Intake only corticosteroids vs. no medication’; Odds ratios have been adjusted in the model for all the other 
factors associated with health outcomes listed; OR, odds ratio; CI, confidence interval.

aAn allergy test was done and the child had at least one allergy.



Journal of Asthma 7

to have visited the pediatrician or general doctor (OR 
= 1.46; 95% CI: [1.14–1.87] and OR = 1.70; 95% CI: 
[1.35–2.15]) or have done an allergy test (OR = 1.32; 
95% CI: [1.06–1.66] and OR = 1.70; 95% CI: [1.35–2.15]).

Discussion

In comparison to the prevalence rates two years earlier 
within the framework of the HMU in 2014/15, the 
results of the present study show lower prevalence 
rates among the diagnostic groups: 6.3% vs. 10.4% for 
‘Unremitting Wheeze’, 5.2% vs. 7.8% for ‘ISAAC 
Asthma’, and 1.2% vs. 2.7% for ‘Physician-diagnosed 
Asthma’ (5). This study is partly an update of the 
publication about the HMU study from 2014/15 (5) 
and gives a good insight into the developments affect-
ing healthcare of asthmatic or wheezing children, also 
with regard to urban–rural differences. In contrast to 
the previous study, this study adds detailed informa-
tion on medication. In the previous study, logistic 
regression analyses were used to examine the associ-
ation between socioeconomic factors and the different 
wheezing groups, whereas this study uses logistic 
regression analysis to examine the association between 
factors associated with health outcomes and diagnostic 
groups and medical care variables. As the aim of this 
study was not to focus on different wheezing patterns, 
the authors only chose one wheezing phenotype 
(‘Unremitting Wheeze’). According to Depner et  al. 
the clinical phenotype of ‘Unremitting Wheeze’ has 
evolved as a promising alternative asthma definition 
for epidemiological studies. (6). In 2016, the HMU 
group published an asthma prevalence rate (physician’s 
diagnose) of 2.8% in children for the year 2012/13 
(13). The KiGGS Study (‘German Health Interview 
and Examination Survey for Children and Adolescents’) 
published 12-month prevalence rates  of 
physician-diagnosed bronchial asthma of 3.0% in girls 
and 5.0% in boys (14). The asthma definition accord-
ing to the ISAAC study (International Study of Asthma 
and Allergies in Childhood) is often used for children. 
It states that children up to 6 years of age are consid-
ered to have asthma if they have either been diagnosed 
with asthma by a doctor or have been diagnosed sev-
eral times as having ‘asthmatic, spastic, or obstructive 
bronchitis’. The reason for this is that in the German 
language the term asthma was previously avoided and 
replaced by spastic or obstructive bronchitis (6).

Risk factors for children to be in a diagnostic 
group compared to the healthy group included male 
sex, migrant status, and family history of asthma. 
Male children comprised a greater proportion amongst 
diagnostic groups which is consistent with other 

studies (5,14,15), although male sex was no longer a 
significant risk factor for ‘Physician-diagnosed Asthma’ 
in this study. In accordance with previous research, 
a diagnosis of asthma in first-degree relatives was 
determined to be a relevant risk factor for ‘Unremitting 
Wheeze’, ‘ISAAC Asthma’, and ‘Physician-diagnosed 
Asthma’ (16–18). In our study, there were more chil-
dren with a migrant’s status in the group ‘unremitting 
wheeze’, than without. This could reflect a health 
seeking behavior of this group and possibly reflect 
undiagnosed asthma.

In this study, migrant status was a risk factor for 
‘Unremitting Wheeze’, but not for ‘Physician-diagnosed 
Asthma’ compared to non-migrants. Possible explana-
tions could be language barriers, leading to poor 
asthma education or reduced access to health services. 
Asthma and allergy prevalence rates among migrants 
are higher compared to their country of origin (19–
21). The explanations given for this phenomenon were 
amongst other things population genetic factors and 
the adaptation time for the immunological system. 
This could explain our findings that migrants have 
more contact with the health care system and more 
positive results in the allergy test compared to 
non-migrants. Nevertheless, asthma is not diagnosed 
more frequently among migrant children than among 
children without a migration background.

Among the diagnostic groups, we observed more 
visits to general practitioners or pediatricians and more 
medical care required due to respiratory conditions in 
urban compared to rural areas. We have also seen 
more peak-flow meters, more frequent and more pos-
itive, allergy tests and higher daily medication intake 
for respiratory diseases in rural areas. With regard to 
medical care for asthma and wheeze the guidelines 
recommend regular follow-up care for children (3,9,10). 
The ‘Global Initiative for Asthma’ for instance recom-
mends follow-up examinations every 3–6 months in 
children 5 years and younger (10). According to our 
results, visits to pediatricians or general practitioners 
(more than 4 times a year) were more frequent in 
children belonging to the diagnostic groups compared 
to the total population. The Association of Statutory 
Health Insurance Physicians of Bavaria calculated the 
doctor–inhabitant ratio, which defines for how many 
inhabitants a doctor is available. If this ratio is perfect, 
the rate is 100%. For our study regions, the ratio of 
pediatricians in relation to the number of children 
under 18 years are higher than 100%: 129.3% in Munich 
(urban), 119.4% in Ingolstadt (urban), 193.7% in 
Bamberg (urban), 115.4% in Schwandorf (rural), and 
144.7% in Günzburg (rural) (22) . This suggests that 
children living in urban and rural areas have equal 
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opportunities to access healthcare. To our knowledge, 
there is no further Bavarian data on visits to physicians 
of asthmatic or wheezing children available.

Being exposed to pesticides, farm animals or crops 
(rural areas) proved to be relevant risk factors for early 
onset of persistent asthma (23–25). In the present study, 
this could explain the higher rates of doctor visits in 
rural areas compared to urban areas, although rural 
children did not have increased rates of diagnosed 
asthma, either by their physicians or by ISAAC criteria.

However, there are studies from central Europe 
(including Bavaria) that have shown that exposure to 
animals and stables at an early age is associated with 
less allergic diseases and asthma, which is in contrast 
to the study form Salam et  al. At this point, it is 
important to highlight that there are many 
cross-sectional studies that support the so-called 
hygiene hypothesis. These studies show that increased 
exposure to bacteria, fungi, respiratory infections, 
dogs, cats, and other animals in childhood is associ-
ated with a reduced risk of asthma and allergies (26). 
Other studies show a lower incidence of allergic dis-
eases in children raised on farms (27,28).

An important result of this study is that allergy 
tests were performed less often than it is recom-
mended for children with physician’s diagnoses. 
Compared to the results from the HMU in 2014/15 
(5) rates of allergy tests did not change 56.9% vs. 
55.6% for ‘ISAAC Asthma’ and 74.7% vs. 74.6% for 
‘Physician-diagnosed Asthma’. Since these children 
were examined by a doctor and diagnosed with asthma 
or obstructive bronchitis, this still indicates an insuf-
ficient healthcare situation. Guidelines (7,29) clearly 
recommend and emphasize the importance of per-
forming allergy tests in asthmatic children as part of 
the diagnose process (3,9,10).

In our study, hospital stays of more than one day 
were more frequent in the diagnostic groups com-
pared to the total population. A meta-analysis by 
Kaiser et  al. in 2016 revealed that treatment with 
corticosteroids prevents hospital care and reported 
that rates of asthma-related emergency department 
visits and hospitalizations were highest among pre-
school children (30). This might explain the occur-
rence of low rates in daily medication among the 
present diagnostic groups and simultaneously high 
rates of hospitalization. Furthermore, Engelkes et  al. 
(31) stated in 2014 that a better treatment adherence 
was associated with fewer severe asthma exacerba-
tions. The estimated adherence was 20–34% (medi-
cation possession rate) for inhaled corticosteroids in 
children. This was related to a lack of parental knowl-
edge about asthma medications, parental beliefs, and 

fears, and the child’s self-image. According to the 
guidelines, children in the first stage of asthma should 
be treated with a bronchodilator usually based on the 
substance beta2-adrenergic agonist, which is required 
for wheezing attacks. ‘The global asthma insights and 
reality survey’, a cross-sectional study from 2004 
including 29 countries worldwide, revealed that chil-
dren with persistent asthma, from mild to severe, 
reported a low use of preventative medication and a 
high use of quick-relief medication, which is sugges-
tive of poor asthma control (32).

Despite the availability of effective asthma treat-
ments, the compliance to most of the asthma medi-
cation recommendations is generally poor. Poor 
adherence is characterized by an undersupply of 
inhaled corticosteroids and often accompanied by 
excessive use of short-acting beta2-adrenergic agonist 
for symptom relief. The potent anti-inflammatory cor-
ticosteroids play a central role in asthma treatment 
(33–35). In our study, the exclusive use of corticoste-
roids was higher compared to the other drugs listed 
and was mainly used in rural areas. To our knowledge 
and at the time of publication of this study, no further 
data on pharmacological treatment in asthmatic or 
wheezing children in Bavaria is available.

In closing, a number of potential limitations need 
to be considered. The data were based on information 
provided by the parents, which could lead to reporting 
bias or misclassification due to recall bias. Since the 
surveys were conducted in German, the language bar-
rier may have been a limitation for non-native speak-
ers. Moreover, it is not possible to specify reasons for 
the doctor’s visits from our data retrospectively and 
the medication doses are unknown. It should also be 
noted that in Tables 1 and 2, the numerical values of 
the sociodemographic and medical care and treatment 
variables are after stratification for residency in some 
extent small, except for the variable ‘Migrant’. The 
resulting limited relevance value should be taken into 
account when interpreting the results.

Our work has some limitations, but also powerful 
factors like a large sample size and good quality data. 
Another strength is that questions about asthma and 
wheezing symptoms have a high level of comparability, 
as they are in part identical to the ISAAC question-
naire used by many studies in this field.

Conclusions

In 2016/2017, we found generally lower prevalence 
rates of asthmatic/wheezing diagnostic groups in 
Bavarian preschool children than previously reported 
and were able to confirm genetic risk factors for 
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asthma and wheeze in children. Medical care and 
treatment in urban and rural areas generally seem to 
differ for children with unremitting wheeze or diag-
nosed asthma, with greater use in rural areas. The 
different regional results of our study suggest the 
importance of evaluating urban and rural healthcare 
policies. Low rates of performed allergy tests in chil-
dren with physician’s diagnoses of respiratory diseases 
indicate a discrepancy to the current guidelines.
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