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A B S T R A C T   

Background: Uncontrolled pediatric asthma has a large impact on patients and their caregivers. More insight into 
determinants of uncontrolled asthma is needed. We aim to compare treatment regimens, inhaler techniques, 
medication adherence and other characteristics of children with controlled and uncontrolled asthma in the: 
Systems Pharmacology approach to uncontrolled Paediatric Asthma (SysPharmPediA) study. 
Material and methods: 145 children with moderate to severe doctor-diagnosed asthma (91 uncontrolled and 54 
controlled) aged 6–17 years were enrolled in this multicountry, (Germany, Slovenia, Spain, and the Netherlands) 
observational, case-control study. The definition of uncontrolled asthma was based on asthma symptoms and/or 
exacerbations in the past year. Patient-reported adherence and clinician-reported medication use were assessed, 
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as well as lung function and inhalation technique. A logistic regression model was fitted to assess determinants of 
uncontrolled pediatric asthma. 
Results: Children in higher asthma treatment steps had a higher risk of uncontrolled asthma (OR (95%CI): 3.30 
(1.56–7.19)). The risk of uncontrolled asthma was associated with a larger change in FEV1% predicted post and 
pre-salbutamol (OR (95%CI): 1.08 (1.02–1.15)). Adherence and inhaler techniques were not associated with risk 
of uncontrolled asthma in this population. 
Conclusion: This study showed that children with uncontrolled moderate-to-severe asthma were treated in higher 
treatment steps compared to their controlled peers, but still showed a higher reversibility response to salbutamol. 
Self-reported adherence and inhaler technique scores did not differ between controlled and uncontrolled asth-
matic children. Other determinants, such as environmental factors and differences in biological profiles, may 
influence the risk of uncontrolled asthma in this moderate to severe asthmatic population.   

1. Introduction 

Asthma is the most common chronic disease among European chil-
dren (von Mutius, 2000). Although asthma can be controlled with 
medication in most children, a small group (approximately 2%) suffers 
from severe asthma despite treatment (Nordlund et al., 2014). Asthma 
can be a significant public health problem when it is not under control 
despite prescribed medication. It may require the use of emergency care, 
might lead to hospital admissions, and increases the number of missed 
school days of the child and working days of the parents (Masoli et al., 
2004). 

The main aims of asthma management in children are to achieve 
asthma control, limit future asthma exacerbations and prevent lung 
function decline (GINA, 2016). Asthma control is defined as the degree 
to which asthma manifestations are reduced or prevented by therapy 
(Dinakar and Chipps, 2017). Identifying factors that may influence 
asthma control in children in order to personalize their treatment is 
challenging for pediatricians and researchers. These factors include 
among others: differences in asthma phenotype, poor adherence to 
asthma medications, inadequate inhaler techniques, psychological fac-
tors, socioeconomic factors, comorbidities, and continuous environ-
mental exposure to allergens, cigarette smoke, or air pollution (Yawn, 
2008). 

Asthma therapy mainly consists of maintenance treatment with 
inhaled corticosteroids (ICS) with or without long-acting beta2-agonist 
(LABA) combined with short-acting beta2-agonists (SABA) as reliever 
treatment (Reddel et al., 2021). Both therapies have shown to be 
effective in controlling asthma symptoms, improving lung function, and 
reducing exacerbations (O’Byrne et al., 2005). In most practice guide-
lines, leukotriene receptor antagonists (LTRA) are considered as add-on 
therapy to ICS and LABA in children with persistent asthma (Doherty, 
2007). 

In the past years, the introduction of biologics (monoclonal anti-
bodies) has expanded treatment options for severe therapy-resistant 
asthma (Slob et al., 2019). However, biologics are expensive, and 
treatment is intensive with frequent subcutaneous injections (mostly 
every 2–8 weeks for children) (Licari et al., 2018). Indeed injections are 
potentially burdensome for children. In addition, there is a paucity of 
evidence on the efficacy of biologics in severe childhood asthma 
(Brusselle and Koppelman, 2022). 

The Systems Pharmacology approach to uncontrolled Paediatric 
Asthma (SysPharmPediA) consortium investigates differences between 
children treated with inhaled corticosteroids with uncontrolled and 
controlled asthma using a systems medicine approach. Although -omics 
profiles (such as microbiomics, (epi)genomics, transcriptomics, and 
metabolomics) may differ between uncontrolled and controlled asthma 
in children (Farzan et al., 2018), the first step is to assess the possible 
differences in medication adherence and inhaler technique, to explore 
whether this could explain poor asthma control. The present study aims 
to compare medication use, medication adherence, inhaler technique, 
inhaler device types, and other factors that might influence asthma 
control (lung function, smoking exposure, ethnicity, age, sex, season of 
inclusion, and country of inclusion) between controlled and 

uncontrolled moderate-to-severe pediatric asthma patients included in 
the SysPharmPediA study. 

2. Material and methods 

2.1. Study population 

The study population and design have previously been described in 
detail (Clinicaltrials.gov identifier: NCT04865575) (Abdel-Aziz et al., 
2021). Briefly, the inclusion criteria were: (1) children age range 6 to 17 
years; (2) doctor-diagnosed asthma; (3) moderate to severe asthma 
under GINA (Global INitiative of Asthma) (GINA, 2016) treatment Step 
2 or higher. Participants with uncontrolled or controlled asthma were 
included after screening at the outpatient clinic or during hospitalization 
due to an exacerbation in tertiary centers in four European countries 
(the Netherlands, Germany, Spain, and Slovenia). Uncontrolled children 
with asthma recruited at the outpatient clinic were on Global INitiative 
of Asthma (GINA) (GINA, 2016) step 3 or higher and one or more of the 
following criteria: (1) ≥1 exacerbation(s) in the past year requiring oral 
corticosteroids (OCS) use and/or, (2) in the previous year, ≥1 exacer-
bation(s) that necessitated hospitalization or ER visits. and/or, (3) 
Asthma Control Test (ACT) ≤ 19 (Liu et al., 2007; Nathan et al., 2004). 
In addition, uncontrolled children with asthma were included during 
hospitalization due to an exacerbation and had to be on asthma treat-
ment GINA step 2 or higher. Patients with controlled asthma met the 
following inclusion criteria: (1) no exacerbations that required the use of 
OCS, hospitalizations, or visiting the emergency room in the previous 
year, and (2) ACT scores (> 19) indicating that asthma is currently 
controlled. This study was carried out in accordance with the Declara-
tion of Helsinki and approved by the Medical Ethics Committee of the 
University Medical Center Utrecht, Utrecht, the Netherlands 
(NL55788.041.15); the ethics committee of University Regensburg, 
Germany (18–1034–101); Clinical Research Ethics Committee of the 
Basque Country, Spain (PI2015075 (SO)); National Medical Ethics 
Committee, Slovenia (0120–569/2017/4)). In addition, all participants 
in the study gave their informed consent. 

2.2. Data collection 

All study participants visited the outpatient clinic of one of the ter-
tiary hospitals to undergo the following study procedures: clinical 
evaluation, spirometry with bronchodilator reversibility, asthma ques-
tionnaires, and assessment of medication use (Abdel-Aziz et al., 2021). 
Additional clinical data were gathered from hospital patient files, 
physician reports, and questionnaires completed by patients or their 
parents. The collected data were integrated into a standardized moni-
tored online database (www.Qnome.eu). QNOME is provided by 
MaganaMed GmbH, Regensburg, Germany (Brandstetter et al., 2019). 
Before any analyses were conducted, the data underwent quality 
checking and data cleaning steps. 
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2.3. Outcomes 

Medication use was evaluated (1) per medication category (ICS, 
LABA, LTRA, biologics, and OCS) and (2) per GINA treatment step 
(GINA, 2016). Following the GINA guideline 2016 (this version was the 
current version of the guideline when children were included), all par-
ticipants were categorized in steps 3, 4, and 5 based on their medication 
profiles. The self-reported 9-item Medication Adherence Rating Scale 
(MARS) was used to determine medication adherence (Mora et al., 
2011). Responses were given by the parents and/or children on a 5-point 
Likert scale (always, often, sometimes, rarely, never) and indicated how 
often the non-adherent behavior occurred. The total MARS score can 
vary from 9 (no adherence) to 45 (high adherence). Item 2 of the MARS 
scale can be used to identify unintentional non-adherence. In contrast, 
items 1, 3, 5, and 6 were used to identify intentional non-adherence. 
Unintentional non-adherence was considered a score of 1–5 on item 2, 
and intentional non-adherence as a total score of 4–20 on questions 1, 3, 
5, and 6. 

Inhalation technique was scored during the study visit, utilizing 
device-specific questionnaires (van der Palen et al., 1999) by a trained 
research nurse or pediatrician. According to the summary of product 
characteristics (SPC), the inhaler technique score was calculated as a 
percentage completed of all the required steps for a proper inhaler ac-
cording to the summary of product characteristics (SPC). Spirometry 
before and after 400 μg salbutamol inhalation was undertaken in all 
subjects to define bronchodilator reversibility. The Global Lung Func-
tion Initiative (GLI) equations (Quanjer et al., 2012) were used to 
compute the percentage predicted of lung function measures, as rec-
ommended by the European Respiratory Society/American Thoracic 
Society (ERS/ATS) (Miller et al., 2005). Subjects were grouped based on 
ethnicity into Caucasian and non-Caucasian. The definition of ethnicity 
has previously been described in detail (Abdel-Aziz et al., 2021). Current 
active/passive smokers were defined as those who were smokers or had 
a smoker in their family at the time of inclusion based on the 
self-reported questionnaire completed by patients or parents. 

2.4. Statistical analysis 

The Kolmogorov-Smirnov test and visualization techniques (histo-
grams and Q-Q plots) were used to determine the distribution of 
continuous variables. Continuous data with a normal distribution were 
presented as mean ± SD and the median and 25th – 75th percentiles 
were used to describe non-normally distributed continuous data. 
Possible differences in age, sex, ethnicity, the season of inclusion, 
country of inclusion, GINA steps, asthma medication intake in the past 
year (such as daily dose of ICS), ICS inhaler device types, LABA inhaler 
device types, FEV1% predicted pre-salbutamol, FEV1% predicted post- 
salbutamol, change in FEV1% predicted values post and pre salbuta-
mol (Δ FEV1% predicted), reversibility criteria (defined as an increase in 
FEV1 of ≥ 12% from baseline after salbutamol inhalation (GINA, 2016), 
current active/passive smoking, inhaler technique score, and adherence 
(defined as MARS score) were evaluated by Mann-Whitney U test, 
Pearson Chi-Square tests, or Fisher’s Exact test as appropriate. Only one 
participant in the controlled group received GINA treatment step 5, so a 
logistic regression model could not be applied to this treatment group. 
Hence, we combined GINA treatment steps 4 and 5 to create a new 
subgroup called GINA treatment steps 4/5 in order to assess the asso-
ciation between GINA treatment steps and the risk of uncontrolled 
asthma. We first examined unadjusted associations between all poten-
tially relevant independent variables (variables with a p-value <0.10 in 
Table 1 or based on previous studies and discussions with experts in the 
field) and the odds of uncontrolled asthma by logistic regression. We 
then used a backward selection approach to identify the final important 
predictors of uncontrolled asthma in children included in this study. We 
started with a model that contained all candidate variables: age 
(continuous), sex (male and female), ethnicity (Caucasian; 

Table 1 
Baseline characteristics of participants included in SysPharmPediA.  

Characteristics Total 
(n = 145) 

Uncontrolled 
asthma (n =
91) 

Controlled 
asthma (n 
= 54) 

P-value 
Uncontrolled 
vs controlled 

Age, years, 
median (25th – 
75th 
percentiles) 

11.93 
(9.65 - 
14.00) 

12.00 (9.68 - 
14.00) 

11.74 (9.65 
- 13.84) 

0.699 

Sex, n (%) 0.490 
Male 86/145 

(59%) 
52/91 (57%) 34/54 

(63%) 
Ethnicity, n (%) < 0.001 
Caucasian 111/144 

(77%) 
61/90 (68%) 50/54 

(93%) 
Season of inclusion, n (%) 0.496  
■ Spring 41/145 

(28%) 
26/91 (29%) 15/54 

(28%)  
■ Summer 46/145 

(32%) 
28/91 (31%) 18/54 

(33%)  
■ Autumn 31/145 

(21%) 
17/91 (19%) 14/54 

(26%)  
■ Winter 27/145 

(19%) 
20/91 (22%) 7/54 

(13%) 
Country of inclusion, n (%) 0.014  
■ Spain 50/145 

(34%) 
35/91 (38%) 15/54 

(28%)  
■ Germany 39/145 

(27%) 
20/91 (22%) 19/54 

(35%)  
■ The 

Netherlands 
33/145 
(23%) 

26/91 (29%) 7/54 
(13%)  

■ Slovenia 23/145 
(16%) 

10/91 (11%) 13/54 
(24%) 

GINA steps *, n (%) < 0.001  
■ Step 3 65/145 

(45%) 
28/91 (31%) 37/54 

(69%)  
■ Step 4 64/145 

(44%) 
48/91 (53%) 16/54 

(30%)  
■ Step 5 16/145 

(11%) 
15/91 (16%) 1/54 (2%) 

Current asthma medication intake, n (%) 
LABA 136/145 

(94%) 
84/91 (92%) 52/54 

(96%) 
0.487 

ICS 145/145 
(100%) 

91/91 
(100%) 

54/54 
(100%) 

– 

OCS 
(maintenance) 

4/145 
(3%) 

4/91 (4%) 0/54 (0%) 0.297 

LTRA 25/145 
(17%) 

18/91 (20%) 7/54 
(13%) 

0.293 

Omalizumab 15/145 
(10%) 

14/91 (15%) 1/54 (2%) 0.01 

Mepolizumab 2/145 
(1%) 

2/91 (2%) 0/54 (0%) 0.523 

Low, medium and high daily doses of ICS **, n (%) < 0.001  
■ Low 66/145 

(46%) 
29/91 (32%) 37/54 

(69%)  
■ Medium 46/145 

(32%) 
31/91 (34%) 15/54 

(28%)  
■ High 33/145 

(23%) 
31/91 (34%) 2/54 (4%) 

ICS inhaler type, n 
(%)  

0.915  

■ MDI 79/145 
(54%) 

50/91 (55%) 29/54 
(54%)  

■ DPI 65/145 
(45%) 

40/91 (44%) 25/54 
(46%)  

■ Both MDI & 
DPI 

1/145 
(1%) 

1/91 (1%) 0/54 (0%) 

LABA inhaler 
type, n (%)  

0.661  

■ MDI 71/145 
(49%) 

44/91 (48%) 27/54 
(50%)  

■ DPI 63/145 
(43%) 

38/91 (42%) 25/54 
(46%)  

■ Both MDI & 
DPI 

2/145 
(1%) 

2/91 (2%) 0/54 (0%)  

■ Non LABA user 7/91 (8%) 2/54 (4%) 

(continued on next page) 
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non-Caucasian), season of inclusion (spring, summer, autumn, and 
winter), country of inclusion (Germany, Slovenia, Spain, and the 
Netherlands), GINA treatment step (steps 3 and 4/5), current smoking 
exposure (yes, no), forced expiratory volume in one second (FEV1) 
percentage predicted before/after salbutamol (Δ FEV1% predicted)). 
The variable whose removal worsened the prediction of uncontrolled 
asthma to the least extent was then removed from the model. This 
procedure was repeated until no further variables could be deleted 
without a statistically significant loss of the model fit, based on the 
Akaike Information Criterion (AIC). All analyses were conducted using R 
software 4.1.1 (2021–08–10) and R Studio 2021.09.0 + 351. 

3. Results 

3.1. Baseline characteristics 

The characteristics of the 145 children included in the SysPharm-
PediA study (91 participants in the uncontrolled group and 54 in the 
controlled group) are presented in Table 1. The median age for both 
groups was 12 years (25th – 75th percentiles = 10 - 14). The majority of 
the study population were males, 57% and 63% of the uncontrolled and 
controlled asthma patients, respectively. The two groups did not differ 
significantly in terms of age, sex, and season of inclusion. The controlled 
group had 93% Caucasian participants, while the uncontrolled group 
had only 68% Caucasian participants. Fifty subjects from Spain, 23 from 
Slovenia, 39 from Germany, and 33 from the Netherlands were included 
in this study. Both FEV1% predicted pre and post-salbutamol were 
compared between two groups (p-value for both pre and post- 
salbutamol > 0.05). Uncontrolled asthmatics showed higher median 
change in FEV1% predicted values post and pre salbutamol (Δ FEV1% 
predicted) (median = 6.44, (25th – 75th percentiles = 1.57 - 11.69)) as 
compared with controlled asthmatic children (median = 2.84, (25th – 
75th percentiles = 0.43 - 7.38)). In total, 28% of the uncontrolled 
asthma patients showed bronchodilator reversibility (defined as an in-
crease in FEV1 of ≥ 12% from baseline after salbutamol inhalation 
(GINA, 2016)) compared to 15% of the controlled asthma patients 
(p-value = 0.079). 

There were no differences observed in medication adherence (total, 
intentional and unintentional) between children with controlled and 
uncontrolled asthma (Table 1). Children with uncontrolled asthma had a 
median total MARS score of 43.0 (25th – 75th percentiles = 40.0 – 44.5) 
and for the uncontrolled group was 44.0 (25th – 75th percentiles = 42.0 
– 44.0). There were no differences observed in inhaler technique scores 
between cases and controls; both had a median total inhaler technique 
score of 100% (25th – 75th percentiles = 91% - 100%). 

3.2. Medication use 

All included subjects were treated according to GINA step 3 or 
higher. More than half of the uncontrolled children were on GINA step 4 
(53%), and the controlled children were mostly treated on GINA step 3 
(69%). 

Medication use in the two groups and the total population are pre-
sented in Table 1. While percentages of LABA use were comparable in 
children with uncontrolled and controlled asthma (92% versus 96%, 
respectively), LTRA use differed and was more commonly used by un-
controlled asthma patients (20% versus 13%, respectively). Four percent 
of the uncontrolled asthmatics used OCS as maintenance therapy during 
the last 12 months, and none of the controlled group used it. The use of 
biologics was higher in uncontrolled asthma: 15% of the children with 
uncontrolled asthma received omalizumab versus 2% of children with 
controlled asthma, and 2% of the children with uncontrolled asthma 
were on mepolizumab versus none of the controlled. The results of 
medication use in the past 12 months did not show a difference between 
the two groups regarding the use of LABA, OCS, LTRA, and mepolizu-
mab. There was a difference between the two groups regarding the use 
of omalizumab (15% in the uncontrolled group versus 2% in the 
controlled group). Also, there was a difference between the two groups 
in the daily dose of ICS use based on GINA guideline classification 2016 
(GINA, 2016); low-medium-high dose classification (In the uncontrolled 
group, 32%, 34%, and 34% for low, medium, and high, respectively, 
compared to 69%, 28%, and 4% in the controlled group for low, me-
dium, and high, respectively.). There was no difference between un-
controlled and controlled groups regarding ICS inhaler device types and 
LABA inhaler device types (Table 1). 

Table 1 (continued ) 

Characteristics Total 
(n = 145) 

Uncontrolled 
asthma (n =
91) 

Controlled 
asthma (n 
= 54) 

P-value 
Uncontrolled 
vs controlled 

9/145 
(6%) 

FEV1% predicted 
pre-salbutamol, 
median (25th – 
75th 
percentiles) 

94.14 
(82.74 - 
103.25) 
(n = 142) 

95.40 (82.05 
- 103.22) (n 
= 89) 

92.64 
(86.08 - 
103.26) (n 
= 53) 

0.833 

FEV1% predicted 
post- 
salbutamol, 
median (25th – 
75th 
percentiles) 

99.55 
(89.97 - 
108.76) 
(n = 140) 

99.98 (92.13 
- 108.01) (n 
= 88) 

97.63 
(89.44 - 
109.35) (n 
= 52) 

0.366 

Δ FEV1% 
predicted, 
median (25th – 
75th 
percentiles) 

4.29 
(0.59 - 
9.89) (n 
= 140) 

6.44 (1.57 - 
11.69) (n =
88) 

2.84 (0.43 - 
7.38) (n =
52) 

0.013 

Bronchodilator 
reversability 
***, n (%) 

33/140 
(24%) 

25/88 (28%) 8/52 
(15%) 

0.079 

ACT score, 
median (25th – 
75th 
percentiles) 

23.00 
(19.00 – 
25.00) 
(n = 140) 

20.00 (17.00 
– 23.00) 
(n = 88) 

24.50 
(23.00 – 
25.00) 
(n = 52) 

< 0.001 

Current active/ 
passive 
smoking, n (%) 

42/138 
(30%) 

26/87 (30%) 16/51 
(31%) 

0.855 

Inhaler technique 
score, median 
(25th – 75th 
percentiles) 

100.00 
(90.91 - 
100) 
(n = 97) 

100.00 
(90.91 - 100) 
(n = 60) 

100.00 
(90.91 - 
100) 
(n = 37) 

0.293 

MARS score-total, 
median (25th – 
75th 
percentiles) 

43.00 
(40.50 - 
44.00) 
(n = 127) 

43.00 (40.00 
- 44.50) 
(n = 79) 

44.00 
(42.00 - 
44.00) 
(n = 48) 

0.428 

MARS Q2- 
unintentional, 
median (25th – 
75th 
percentiles) 

4.00 
(4.00 - 
5.00) 
(n = 138) 

4.00 (4.00 - 
5.00) 
(n = 85) 

4.00 (4.00 - 
5.00) 
(n = 53) 

0.306 

MARS Q1, Q3, Q5, 
Q6-intentional, 
median (25th – 
75th 
percentiles) 

20.00 
(19.00 - 
20.00) 
(n = 130) 

20.00 (19.00 
- 20.00) 
(n = 81) 

20.00 
(19.00 - 
20.00) 
(n = 49) 

0.19 

GINA: Global INitiative of Asthma; ICS: Inhaled CorticoSteroids; LTRA: Leuko-
triene Receptor Antagonists; LABA: Long-Acting Beta2-Agonists; OCS: Oral 
CorticoSteroids; MARS: Medication Adherence Rating Scale; FEV1: Forced 
Expiratory Volume in One second; Δ FEV1% predicted: Difference between 
FEV1% predicted post and pre salbutamol; MDI: Metered Dose Inhaler; DPI: Dry 
Powder Inhaler; ACT: Asthma Control Test. 

* Based on GINA guideline 2016. 
** Based on GINA guideline 2016, Box 8, page 15. 
*** according to GINA guidelines defined as an increase in FEV1 of ≥ 12% from 

baseline after salbutamol inhalation. 
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3.3. Logistic regression 

Unadjusted associations between candidate variables and the risk of 
uncontrolled asthma are shown in Table 2. Non-Caucasians showed a 
higher odds of uncontrolled asthma compared to Caucasians (unad-
justed odds ratio (OR) (95% CI): 5.94 (2.16 - 21.03)). We also observed 
an association between GINA treatment step and the risk of uncontrolled 
asthma. The unadjusted odds ratio of GINA treatment step 4/5 
compared to GINA treatment step 3 was 4.90 (95% CI: 2.40 - 10.33). 
Furthermore, there was an association between change in FEV1% pre-
dicted values post and pre-salbutamol (Δ FEV1% predicted) and the odds 
of uncontrolled asthma (unadjusted OR (95% CI): 1.08 (1.02 - 1.14) 
(Table 2). 

The final model predicting the odds of uncontrolled asthma included 
GINA treatment step and bronchodilator response: 

ln(odds)uncontrolledasthma = − 0.45 + 1.23 I(X1 = 1) + 0.07X2   

X1: 0, 1 for GINA treatment step 3, and steps 4/5, respectively. 
X2: Difference between FEV1 percentage predicted post and pre- 
salbutamol. 

Children at treatment step 4/5 had a higher odds of uncontrolled 
asthma than children at treatment step 3 (OR 3.30 (95% CI: 1.56 – 
7.19)). In addition, there was a higher odds of uncontrolled asthma for 
individuals with more bronchodilator reversibility (OR (95% CI) per one 
unit change: 1.08 (1.02 – 1.15)) (Table 3 and Fig. 1). 

4. Discussion 

In the SysPharmPediA study, we did not find differences in medi-
cation adherence and inhaler technique between children with uncon-
trolled and controlled asthma. There was no statistical difference in 
FEV1 between the two groups before and after salbutamol administra-
tion. However, the uncontrolled asthma group showed more broncho-
dilator reversibility. 

Furthermore, our study showed a difference in medication levels 
between children with controlled and uncontrolled asthma. Children 
with uncontrolled moderate-to-severe asthma were treated in higher 
treatment steps compared to their controlled peers, but still showed a 
higher reversibility response to salbutamol. Despite that, these patients 
were uncontrolled, suggesting that other factors might play a role, e.g., 

environmental factors or differences in underlying pathophysiological 
mechanisms. 

The patients in this study were all from academic tertiary care hos-
pitals where adherence to treatment is emphasized as part of standard 
care. However, this is not the case in the general asthma population, 
where adherence often influences asthmatic control (Zaeh et al., 2022). 
Hence, both controlled and uncontrolled asthmatic children in this study 
reported good medication adherence. Considering the unusually high 
self-reported adherence rate, self-reported adherence was not likely to 
be the reason for uncontrolled asthma symptoms in our study popula-
tion. In addition, all of the medications studied were covered by insur-
ance in all four countries, and all of the participants had proper 
insurance. Therefore, the cost of these prescriptions had no impact on 
medication adherence. 

Our study population also showed no difference in inhaler technique 
between uncontrolled and controlled asthma groups. This can be related 
to the patient selection criteria and the willingness of the patient to 
participate in the SysPharmPediA study. Moreover, these children were 
already followed by pediatric pulmonologists, regularly checking their 
inhalation technique at each clinical visit. In contrast to our study, 
previous studies showed that the type of inhaler device could influence 
inhalation technique and adherence (Almomani et al., 2021). In our 
study, the variety of ICS and LABA inhaler devices did not influence 
asthma control. In addition, ethnicity has been reported to influence 
medication responsiveness, asthma control, and asthma severity (Gold 
et al., 2013; Hughes et al., 2017; Koo et al., 2016; Tay et al., 2019). In 
our study, there was a significant difference in ethnicity (being Cauca-
sian or not) between the two groups (unadjusted OR (95% CI) of un-
controlled asthma: 5.94 (2.16 - 21.03)). However, ethnicity was not 
included in the final model. Others have found ethnic background to be 
associated; a study in the USA found that black children with severe or 
difficult-to-treat asthma had worse asthma outcomes compared to white 
children even upon correction for socioeconomic factors and medication 
use (Guilbert et al., 2019). Possibly, this may relate to differences in the 
genetic make-up (Kersten and Koppelman, 2021). 

Children with uncontrolled asthma may have different asthma phe-
notypes than controlled children, resulting in an increased risk of ex-
acerbations, despite the current asthma treatment (Wenzel, 2012). 
Therefore, within the SysPharmPediA study, we will assess different 
types of –omics to investigate whether they are linked to different 
asthma phenotypes. 

The current study has a number of strengths. Despite the low prev-
alence of uncontrolled moderate-to-severe asthma in children (approx-
imately 2% Nordlund et al., 2014), we enrolled an adequate number of 
these patients from four European countries. The multicentre nature of 
this study yields more generalizable results than single-country studies. 

A potential limitation of our study is the possibility of selection bias 
in population and outcome measures. It is assumed that children and 
parents willing to participate in research are more concerned about 
asthma and its management (Storms, 2003) and therefore may have 
higher adherence and a better inhalation technique. Another limitation 
is the fact that more than three-quarters of our participants were 

Table 2 
Unadjusted associations between candidate variables and the risk of uncon-
trolled asthma.  

Variable n Group OR (95% CI) 
Age 145 – 0.97* (0.86 - 1.09) 
Sex 145 Female 

Male 
Ref 
0.78 (0.39 - 1.56) 

Ethnicity 144 Caucasian 
Non-Caucasian 

Ref 
5.94 (2.16 - 21.03) 

Season of inclusion 145 Spring 
Summer 
Autum 
Winter 

Ref 
0.90 (0.37 - 2.14) 
0.70 (0.27 - 1.82) 
1.65 (0.58 - 5.02) 

Country of inclusion 145 Germany 
The Netherlands 
Slovenia 
Spain 

Ref 
3.53 (1.28 - 10.58) 
0.73 (0.25 - 2.05) 
2.22 (0.93 - 5.38) 

GINA step** 145 Step 3 
Step 4/5 

Ref 
4.90 (2.40 - 10.33) 

Current active/passive 
smoking 

138 No 
Yes 

Ref 
0.93 (0.44 - 2.00) 

Δ FEV1% predicted 140 – 1.08* (1.02 - 1.14) 

FEV1: Forced Expiratory Volume in One second; Δ FEV1% predicted: Difference 
between FEV1% predicted post and pre salbutamol. * per one unit increase in the 
variable. ** Based on GINA guideline 2016. 

Table 3 
Final model of backward multiple logistic regression predicting 
the odds of uncontrolled asthma in 134 children in the 
SysPharmPediA study.  

Variable OR (95% CI) 

GINA Step 4/5* 3.30 (1.56 - 7.19) 
Δ FEV1% predicted 1.08 (1.02 - 1.15) 

The model with the lowest Akaike information criterion (AIC) 
using a backward selection approach. McFadden Pseudo R 
squared 0.112, overall p-value <0.001, and AIC was 162.3. 

* Children at GINA treatment step 3 were defined as the 
reference group. 
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Caucasian. Our results may therefore not be generalizable to asthmatic 
children from other ethnic groups. Lastly, we evaluated medication 
adherence using a self-reported questionnaire. Although the MARS 
questionnaire is a validated measurement instrument (Mora et al., 
2011), we cannot exclude the possibility that the patients’ answers were 
influenced by social desirability. Currently, other, more objective mea-
surement tools (such as electronic monitoring devices) are available to 
assess medication adherence, however, they are not always compatible 
with all inhalation devices. 

5. Conclusions 

Our results show that children with more severe asthma (defined as 
higher treatment steps needed to control or prevent asthma from 
becoming uncontrolled) had a higher risk of uncontrolled asthma. In 
addition, self-reported adherence to medication and inhaler technique 
scores did not explain differences in asthma control. A higher GINA 
treatment step and a greater difference in FEV1% predicted after and 
before salbutamol were independently associated with the odds of un-
controlled asthma. Other determinants, such as environmental factors 
and differences in biological profiles, may influence the risk of uncon-
trolled asthma in this moderate to severe asthmatic population. 
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Apfelbacher, C., Melter, M., Kabesch, M., 2019. KUNO-kids birth cohort study: 
rationale, design, and cohort description. Mol. Cell Pediatr. 6, 1–10. https://doi.org/ 
10.1186/s40348-018-0088-z. 

Brusselle, G.G., Koppelman, G.H., 2022. Biologic therapies for severe asthma. N. Engl. J. 
Med. 386, 157–171. https://doi.org/10.1056/nejmra2032506. 

Dinakar, C., Chipps, B.E., 2017. Clinical tools to assess asthma control in children. 
Pediatrics 139. https://doi.org/10.1542/peds.2016-3438. 

Doherty, G.M., 2007. Is montelukast effective and well tolerated in the management of 
asthma in young children?: part A: evidence-based answer and summary. Paediatr 
Child Health 12, 307–308. https://doi.org/10.1093/pch/12.4.307. 

Farzan, N., Vijverberg, S.J., Kabesch, M., Sterk, P.J., Maitland-van der Zee, A.H., 2018. 
The use of pharmacogenomics, epigenomics, and transcriptomics to improve 
childhood asthma management: where do we stand? Pediatr. Pulmonol. 53, 
836–845. https://doi.org/10.1002/ppul.23976. 

GINA, 2016. Global Initiative for asthma. Global strategy for asthma management and 
prevention, Available from: https://ginasthma.org/wp-content/uploads/2019/01/ 
2016-GINA.pdf. 

Gold, L.S., Yeung, K., Smith, N., Allen-Ramey, F.C., Nathan, R.A., Sullivan, S.D., 2013. 
Asthma control, cost and race: results from a national survey. J. Asthma 50, 
783–790. https://doi.org/10.3109/02770903.2013.795589. 

Guilbert, T., Zeiger, R.S., Haselkorn, T., Iqbal, A., Alvarez, C., Mink, D.R., Chipps, B.E., 
Szefler, S.J., 2019. Racial disparities in asthma-related health outcomes in children 
with severe/difficult-to-treat asthma. J. Allergy Clin. Immunol. Pract. 7, 568–577. 
https://doi.org/10.1016/j.jaip.2018.07.050. 

Hughes, H.K., Matsui, E.C., Tschudy, M.M., Pollack, C.E., Keet, C.A., 2017. Pediatric 
asthma health disparities: race, hardship, housing, and asthma in a national survey. 
Acad Pediatr. 17, 127–134. https://doi.org/10.1016/j.acap.2016.11.011. 

Kersten, E.T.G., Koppelman, G.H., 2021. Towards diversity in asthma pharmacogenetics. 
Lancet Child Adolesc. Health 5, 838–839. https://doi.org/10.1016/s2352-4642(21) 
00330-8. 

Koo, S., Gupta, A., Fainardi, V., Bossley, C., Bush, A., Saglani, S., Fleming, L., 2016. 
Ethnic variation in response to IM triamcinolone in children with severe therapy- 
resistant asthma. Chest 149, 98–105. https://doi.org/10.1378/chest.14-3241. 

Licari, A., Brambilla, I., Marseglia, A., De Filippo, M., Paganelli, V., Marseglia, G.L., 
2018. Difficult vs. severe asthma: definition and limits of asthma control in the 
pediatric population. Front. Pediatr. 6, 170. https://doi.org/10.3389/ 
fped.2018.00170. 

Liu, A.H., Zeiger, R., Sorkness, C., Mahr, T., Ostrom, N., Burgess, S., Rosenzweig, J.C., 
Manjunath, R., 2007. Development and cross-sectional validation of the childhood 
asthma control test. J. Allergy Clin. Immunol. 119, 817–825. https://doi.org/ 
10.1016/j.jaci.2006.12.662. 

Masoli, M., Fabian, D., Holt, S., Beasley, R., Program, G.I.f.A.G., 2004. The global burden 
of asthma: executive summary of the GINA dissemination committee report. Allergy 
59, 469–478. https://doi.org/10.1111/j.1398-9995.2004.00526.x. 

Miller, M.R., Hankinson, J., Brusasco, V., Burgos, F., Casaburi, R., Coates, A., Crapo, R., 
Enright, P., Van Der Grinten, C., Gustafsson, P., 2005. Standardisation of spirometry. 
Eur. Respir. J. 26, 319–338. https://doi.org/10.1183/09031936.05.00034805. 

Mora, P.A., Berkowitz, A., Contrada, R.J., Wisnivesky, J., Horne, R., Leventhal, H., 
Halm, E.A., 2011. Factor structure and longitudinal invariance of the medical 
adherence report scale-asthma. Psychol. Health 26, 713–727. https://doi.org/ 
10.1080/08870446.2010.490585. 

Nathan, R.A., Sorkness, C.A., Kosinski, M., Schatz, M., Li, J.T., Marcus, P., Murray, J.J., 
Pendergraft, T.B., 2004. Development of the asthma control test: a survey for 
assessing asthma control. J. Allergy Clin. Immunol. 113, 59–65. https://doi.org/ 
10.1016/j.jaci.2003.09.008. 
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