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ABSTRACT (250/250 words)

Background:

The Asthma Severity Scoring System (ASSESS) quantifies asthma severity in adolescents and
adults. Scale performance in children < 12 years is unknown.

Objective: To validate the ASSESS score in the All Age Asthma Cohort (ALLIANCE) and
explore its use in children <12 years.

Methods: Scale properties, responsiveness, and known-group validity were assessed in 247
children (median age 11 years, IQR: 8-13 years) and 206 adults (median age 52 years, 1QR:
43-63 years).

Results: Overall, measures of internal test consistency and test-retest reliability were similar
to the original data of the Severe Asthma Research Program (SARP). Cronbach’s a was 0.59
in children 12-18 years and 0.73 in adults, reflecting the inclusion of multiple and not always
congruent dimensions to the ASSESS score especially in children. Analysis of known-group
validity confirmed the discriminatory power, as the ASSESS score was significantly worse in
patients with poor asthma control, exacerbations and increased salbutamol use. In children
between 6-11 years test reliability was inferior compared to adults and adolescents
(Cronbach’s o 0.27) mostly due to a less lung function impairment in asthmatic children of this
age group. Known-group validity however confirmed good discriminative power regarding
severity-associated variables similar to adolescents and adults.

Conclusion:

Test reliability and validity of the ASSESS score was confirmed in the ALLIANCE cohort. In
children aged 6-11 years internal consistency was inferior compared to older asthma patients,
however test validity was good and encourages age-spanning usage of the ASSESS score in all

asthma patients > 6 years.
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CLINICAL IMPLICATIONS
The ASSESS score is a valid and useful instrument to quantify asthma severity in adults and

children 12-18 years. First evidence additionally supports usage in children 6-11 years.

CAPSULE SUMMARY
The multidimensional ASSESS score is a valid and reliable measure for asthma severity in
patients from 12 years onwards and can also be applied in children 6-11 years as validated in

the ALLIANCE cohort.

KEY WORDS:
ALLIANCE
Asthma

Asthma control
Asthma severity
Children
Pediatric asthma
Adult asthma

Validation study

ABBREVIATIONS

ACT Asthma Control Test
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SD
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ALL Age Asthma Cohort

Asthma Severity Scoring System
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INTRODUCTION
Asthma is one of the most prevalent chronic respiratory diseases worldwide and affects patients
of all ages.'® It is a heterogeneous disease driven by chronic inflammation and structural
remodeling of the airways resulting in variable expiratory airflow limitations and symptoms
such as wheeze, cough and shortness of breath.* > According to the Global Initiative of Asthma
(GINA) guidelines, assessment of asthma patients in primary care usually encompasses
evaluation of asthma control as well as severity.* ©
Measuring asthma severity is complex and several clinical dimensions can be used as a proxy,
for example asthma symptoms including exacerbations, lung function impairment and level of
controller medication. The GINA guideline proposes to assess asthma severity retrospectively
by the level of controller medication a patient needs to achieve and maintain asthma control.*
" However, this classification has some shortcomings; it works well for patients with severe
asthma, as it identifies those patients with increased risk for adverse outcomes and who could
benefit from further investigations and treatment with biologicals. In contrast, patients with
“mild” asthma according to their low levels of asthma medications might still be at risk for
exacerbations and even fatal outcomes, especially in patients with infrequent symptoms.®
Another guideline recommends using symptom intensity and lung function in patients without
prior controller medication®, however many patients seen in tertiary centers or included in
cohort studies are already treated with controllers.

Lastly, the Composite Asthma Severity Index (CASI) comprises medication, lung function as
well as symptom burden, but has only been evaluated in children®®. In contrast, the recently
published Asthma Severity Scoring System (ASSESS) score is a multidimensional instrument
and has been developed for children > 12 years and adults.!* The ASSESS score captures
symptom load via weighted scores of the Asthma Control Test (ACT), as well as lung

function, current medications, and exacerbations in the past 6 months. Promising
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characteristics regarding measurement properties, responsiveness to therapeutic intervention,
and its association with various asthma outcomes have been confirmed.!* Nonetheless, in their
conclusion, the authors called for additional validation studies before using the ASSESS score
in a broader context.!' Furthermore, asthma affects children of all age groups, therefore
instruments of asthma control and severity should ideally encompass all age groups. Until now,
it is unknown if the ASSESS score can also be applied to children < 12 years.

Using data from the All Age asthma cohort (ALLIANCE) recruiting children with preschool
wheeze as well as children, adolescents and adults with asthma, we aimed to validate the
measurement properties of the ASSESS score in an independent cohort. Furthermore, we
analyzed the performance of the ASSESS score in children 6-11 years with predominately

mild-to-moderate asthma.

METHODS

Study design

We analyzed data from the prospective, observational, multi-center All Age Asthma Cohort
(ALLIANCE) study, which recruits pediatric and adult asthma patients from age 6 years
onwards with asthma diagnosed according to GINA* and German national guidelines®® at seven
hospitals across Germany. Children < 6 years with recurrent preschool wheeze are recruited in
an additional study arm but were not part of the present study. The study was approved by local
Ethic Committees and parents of underage study participants gave informed consent as well as
study participants from eight years of age onwards. The study was registered at

clinicaltrials.gov (pediatric arm: NCT02496468 and adult arm: NCT02419274).
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Further details regarding study design, inclusion and exclusion criteria have been published
elsewhere.'* In this study, all asthma patients > 6 years with available data to calculate the
ASSESS score from the pediatric and adult study arm were included (see Figure E1 in the
Online Repository). Spirometry values were analyzed as percent predicted values using
published reference equations.’® Further details regarding clinical variables used are specified

in the Online Repository.

ASSESS score calculation

The ASSESS score was calculated in each patient as described previously, ranging from 0 to
20 points, with 20 points denoting the most severe score.!! The score consists of four
components, namely symptom load (ACT scores), lung function (FEV1% predicted),
medication, and exacerbations (i.e., systemic corticosteroid requirement and/or hospitalization
in the previous 12 months due to asthma symptoms). The various categories within each
component and their equivalent ASSESS score points are displayed in Table 1.

Some adaptions to the ASSESS scoring system were necessary due to the information available
in the ALLIANCE dataset: The original publication from the SARP cohort refers to the past
six months regarding exacerbations in most but not all time points assessed for score validity.!
Our analyses always included data from the past 12 months for exacerbation data. Similarly,
the original publication referred to medication taken at the study visit when calculating “recent
medication use” while our analyses refer to any regular medication taken in the past 4 weeks.
Lastly, for children 6-11 years we used the Childhood Asthma Control Test.!® Further

information can also be found in the Online Repository.

Data analysis and statistics
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Cronbach’s a was calculated to evaluate internal consistency between score components. Test-
retest reliability between ASSESS scores at baseline and at 12 months follow-up was assessed
by computing the intra-class correlation coefficient (ICC) based on a two-way random effects
model. The minimal important difference (MID) was calculated in a distribution-based fashion
using two established MID definitions, as previously described also for ASSESS.'” 18
MID=0.5*standard deviation (SD) and MID=1*standard error of measurement (SEM).
Correlations were evaluated using Spearman’s method.

Differences between groups were tested using the Mann-Whitney U test for two groups and
the Kruskal-Wallis test followed by Dunn’s test for multiple comparisons for three groups. For
descriptive statistics, we used mean and standard deviation (SD), median and interquartile
range (IQR) as appropriate and p-values were calculated using Wilcoxon-Test or Chi-square
test.

To test the construct validity of ASSESS in the absence of a reference standard, the score was
compared between a set of categories that were hypothesized to reflect different levels of
asthma severity (known-group validity).’® These categories were uncontrolled asthma
according to GINA, occurrence of >1/ >2 steroid-requiring exacerbation(s), >1 hospitalization
in the past 12 months, emergency doctor visits due to wheeze and hospital stays with oxygen
requirement in the past 12 months (children only).

In pediatric patients, to reflect the higher prevalence of mild-to-moderate asthma in this patient
group, ASSESS scores were additionally compared between patients classified by >2
salbutamol-requiring wheezing episodes during the past year and by months of salbutamol-use
in the past year (none vs. <1-7 months vs. >8 months). To examine score changes over time,
changes in ASSESS scores between baseline and follow-up were compared in patients with a

clinically relevant improvement of asthma control (ACT increase of >3 points) and lung
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function (>10% increase of FEV1 % predicted value). All statistical analyses were performed

with R (version 4.1).%°

RESULTS

Patient characteristics

In total, 247 of 298 (83%) asthmatic children had all available data to calculate the ASSESS
scores at baseline and were included in the study, with 140 children aged 6-11 years and 107
children aged 12-18 years. In the adult cohort, the ASSESS score was available in 206 of 218
(94%) patients. (see Figure E1 in the Online Repository). The median age in the pediatric
cohort was 9 years (IQR: 8-11 years) in children aged 6-11 years and 14 years (IQR: 13-15
years) in children aged 12-18 years, while it was 52 years (IQR: 43-63) in the adult cohort.
The age groups differed considerably regarding severity-associated clinical characteristics;
adult asthma patients showed more uncontrolled asthma, lower FEV1 and a higher percentage
of patients with high-dose ICS or regular systemic steroid treatment. Further details on baseline

patient characteristics in pediatric and adult patients are summarized in Table 2.

ASSESS score distribution

The distribution of baseline ASSESS scores across different age groups is depicted in Figure
1. The mean ASSESS score was significantly lower at baseline in both pediatric cohorts with
3.9 points (SD: 2.6; range: 0-12) in children aged 6-11 years and 3.9 (SD: 3.2; range: 0-18) in
children aged 12-18 years compared to adults with 8.5 points (SD: 4.4; range: 0-20), indicating
an overall higher severity of asthma in the adult cohort (p <0.001, Table 3).

There was no significant difference of mean baseline ASSESS scores between children of 6—
11 years and 12-18 years (3.9 points (SD 2.6; range; 0-12) vs. 3.9 points (SD 3.2; range: 0-

18, Table 3). Neither was there a significant score difference between male and females in
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neither the pediatric nor adult cohort (data not shown). The ASSESS score remained stable
between baseline and 12 months follow-up in children. The 12 months ASSESS score was 3.3
points (SD: 2.4; range: 0-14) and 3.3 points (SD: 2.9; range: 0-16) in children aged 6-11 years
and those aged 12-18 years, respectively. In adults, a substantially lower ASSESS score was

seen at 12-months (5.7 points; SD: 3.1; range: 2-16).

Scale properties

Internal consistency of the ASSESS score components at baseline, measured by Cronbach’s a,
was 0.27 (0.07-0.47) in children aged 6-11 years and 0.59 (0.47-0.70 in children 12-18 years,
while it was 0.73 (0.67-0.79) in the adult cohort (see Table E1 A-B in the Online
Repository). Thus, internal consistency was comparable to the original publication! in regard
to adults and children between 12-18 years but lower in younger children mostly due to the
poor correlation of lung function with the other scale items.

The test-retest reliability in participants with available baseline and 12-months follow-up
scores using ICC estimates based on two-way random-effects models was 0.47 (0.29-0.62) in
children 6-11 years, 0.78 (0.63-0.86) in children 12—18 years, and 0.64 (0.42-0.77) in adults.
The ICC estimate in adults was slightly lower than in the original publication'! and indicates
moderate — good test-retest reliability.}” Again, children of 12—18 years showed overall higher
ICC than children of 6-11 years.

The original publication identified a minimal important difference (MID) of 2 points.
Concordantly, we found a similar MID in adults with 2.20 calculated according to the 0.5*SD
method and 2.30 (1*SEM method) in adult asthma patients. The MID in children trended lower
and depended more on the method applied than the adult MIDs (1.3 [0.5*SD method] and 2.1
[1*SEM method] and 1.6 [0.5*SD method] and 2.1 [1*SEM method] in children 6-11 years

and 12-18 years, respectively).
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In the adult cohort, ASSESS scores were found to be moderately negatively correlated with
FEV1 % predicted values (Spearman’s rho: -0.61, p<0.001) and FEV1/FVC predicted values
(Spearman’s rho: -0.47, p<0.001). In children 6-11 years, neither the FEV1% predicted values
nor the FEV1/FVC predicted values correlated with ASSESS scores (FEV1% predicted values:
Spearman’s rho: -0.02, p=0.803; FEV1/FVC predicted values: Spearman’s rho: -0.01,
p=0.933). Children 12-18 years showed a weak correlation between the ASSESS scores and
FEV1/FVC predicted values in children (Spearman’s rho: -0.26, p=0.007), but not between
ASSESS scores and FEV1% predicted values (Spearman’s rho: -0.11, p=0.254).

Increased asthma severity is associated with reduced asthma related quality of life (QoL). This
was also reflected in the ASSESS score, which was inversely correlated with the asthma quality
of life questionnaire (AQLQ) scores in adults (Spearman’s rho: -0.68, p<0.001) at baseline (see

Figure E2 A in the Online Repository). Data regarding QoL was not available for children.

Known-group validity

To test the construct validity of ASSESS in adults, the score was compared between patients
that were hypothesized to have different levels of asthma severity. Patients with >1 steroid-
requiring exacerbation(s) or >1 hospitalization in the previous year had significantly higher
mean ASSESS scores compared to patients who did not experience those events. This was
observed in adult patients as well as in both pediatric age subgroups (Figure 2 A, B and Table
4 A-C). A statistically significant difference in ASSESS scores could also be seen between
GINA control ratings, with significantly increasing mean ASSESS scores from controlled to
partly and uncontrolled asthma in both pediatric cohorts and in adults (Figure 2 C). In adults,
a clinically relevant increase of 0.5 in the AQLQ between baseline and 12 months follow-up,
indicating improvement of quality of life, was associated with in a significant reduction of the

ASSESS score, i.e. asthma severity (Table 4C, Figure E2 B in the Online Repository).
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Patients with an ACT increase of >3 points?! at 12 months follow-up showed on average a
significantly greater ASSESS score decrease compared to those without such an increase,
which we observed in both pediatric cohorts and adults (Figure 2 D and Table 4 A-C).
Furthermore, adults with an increase of >10% in FEV1% predicted values between baseline
and 12 months follow-up also had a significantly improvement (decrease) of the ASSESS score
(Figure 2 E and Table 4B). In the pediatric cohort, this difference was not statistically in either
children aged 6-11 years not those aged 12-18 years (Figure 2 E in the Online Repository;
Table 4 A-B).

In children, we additionally analyzed responsiveness of the ASSESS score with regard to
clinical variables not involved into the ASSESS score components. Children in both age groups
with emergency doctor visits had significantly higher ASSESS scores than those without
(Figure 3A in the Online Repository; Table 4 A-B).. Likewise, children in both age groups
who required oxygen during a hospital stay at least once in the past 12 months scored
significantly higher on the ASSESS score than those who did not (Figure 3B in the Online
Repository; Table 4 A-B).

We observed responsiveness of the ASSESS score related to wheezing episodes per year (>2
wheeze episodes with more than 2 days of salbutamol use) and the amount of reliever needed
in the previous 12 months (months with salbutamol use). Children who experienced >2
wheezing episodes in the past year had significantly higher ASSESS scores, indicating more
severe asthma. (Figure 3 C in the Online Repository; Table 4 A-B). Equally, children who
used salbutamol in 8 or more months displayed the highest mean ASSESS score in both
pediatric age groups compared to children without any salbutamol use in the past 12 months.
In children of 12-18 years, a significant difference in ASSESS scores was also seen in children
with at least 8 months of salbutamol use compared to children with 1-7 months of salbutamol

use (Figure 3D).
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DISCUSSION

The ASSESS score is a newly proposed instrument to quantify asthma severity in adolescents
and adults. Here, we evaluated the performance of the ASSESS score in the ALLIANCE
cohort, a multi-center, combined pediatric and adult asthma cohort, addressing the need for
further external validation.

Overall, our analysis showed comparable reliability and validity in adults and children older
than 12 years as the original publication!, confirming the utility of the ASSESS score with
data from an independent asthma cohort. Furthermore, we demonstrate for the first time that
the ASSESS score can also be applied to children aged 6-11 years, thus emphasizing the
usefulness of this instrument to measure asthma severity across all age groups > 6 years unlike
previously published asthma severity scores'®.

Still, scale reliability metrics like internal consistency and test-retest reliability were lower in
children of 6-11 years. In general, internal consistency was not expected to be excellent in all
age groups 1% 1 as the ASSESS score aimed to incorporate distinct dimensions of asthma
severity (medication, lung function, symptoms and exacerbations), which do not necessarily
behave concordantly in all patients. For example, some patients might have poor lung function
but still perceive their asthma as controlled. This can lead to a lower consistency among score
components which was particularly evident in the pediatric age group, especially in children
between 6-11 years who had a markedly lower Cronbach’s a compared to adolescents and
adults. Specifically, the dimension lung function was not as important to the overall ASSESS
score as in adults (Table E1 in the Online Repository) which was also reflected by the poor
correlation between the ASSESS score and FEV1% predicted in children compared to adults.
This was consistent with previous data showing that FEV1 correlates poorly with symptom-

based severity in children.??2° In general, many children with an asthma diagnosis according
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to guidelines show a normal lung function test with a FEV1> 80% predicted 2>?° and lung
function therefore cannot contribute to the ASSESS sum score in these children (see Table 1).
In contrast, the Composite Asthma Severity Index (CASI), an asthma severity score for
children used a higher FEV1 cut-off of 85%, however this did also not improve internal score
consistency?.

Although lung function seemed to be less important for severity assessment in the younger age
groups and therefore impacted negatively on the scores’ internal consistency, it is an important
dimension of asthma severity in adolescents and adults. This further emphasizes the need for a
composite score capturing multiple dimensions of asthma severity, particularly if the aim is to
apply it across all age groups and outweighs the negative impact of lung function for the
internal consistency in the youngest age group. ASSESS scores differed significantly between
groups that were hypothesized to have different asthma severity levels, demonstrating good
known-group validity. Some of the groups were dichotomized by variables that are part of the
ASSESS score, which makes the detected differences probable. Still, this indicates that the
ASSESS is a good alternative option in clinical studies to reflect the overall asthma severity
compared to reporting single variables. Additionally, we were able to show good known-group
validity for clinical variables not included into the ASSESS score such as the number of wheeze
episodes and salbutamol use over the past 12 months in children and AQLQ in adults.
Furthermore, we also found good known-group validity in children aged 6-11 years for most
variables tested, further supporting the utility of the ASSESS score as a useful and valid
measure for asthma severity even in young children.

In our study, pediatric patients suffered mostly from mild-to-moderate asthma, as opposed to
the more severe disease spectrum in the adult cohort. This was also reflected by generally lower
ASSESS scores. The ASSESS score showed the ability to distinguish not only groups in regard

to severe events (steroid-requiring exacerbations, hospitalizations), but also between milder
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outcomes (>2 salbutamol-requiring wheezing episodes, months of salbutamol use). However,
mean score differences between groups were generally smaller in the pediatric cohort
compared to the adult cohort, especially regarding the milder outcomes.

Although quantifying asthma severity has long been identified as a need for asthma patient care
and research, only few instruments exist. The CASI is overall similar to the ASSESS score in
regards to the clinical dimensions included, however has only been validated for children and
adolescents’®. Additionally, information on asthma symptoms is restricted to days and nights
with SABA use, while the ASSESS score relies on the ACT which includes more diverse
information about the patients’ perception of asthma symptoms. Additionally, the ACT is
widely used in clinical and research settings which makes it possible to analyze the ASSESS
score retrospectively. Several categorical classifications have been developed as well?? 303!
including using the GINA treatment steps as proxy for severity®. However, categorical
classification systems often lack discriminative power, particularly if more than one dimension
of asthma severity is included. Peer et al. for example developed an instrument based on the
severity assessment proposed by the National Heart, Lung and Blood Institute® in which the
worst severity observed in four clinical categories (symptoms, FEV1, medication and ICD-10
code for asthma severity) defined the overall severity. This approach cannot differentiate if a
patient shows high severity in only one or all four dimensions.?! Instruments based on scores
as the ASSESS score are not only able to incorporate and weigh different dimensions but also

offer a continuous scale advantageously for scientific analysis.

Strengths of this study include the multi-center, prospective study design and inclusion of
children as well as adults in the same study which allowed us to study and compare the ASSESS

score across different age groups. Furthermore, we were also able to evaluate known-group
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validity in children encompassing independent variables that were not part of the ASSESS
score.

We note several limitations to our study. A conceptual limitation lies in the fact that there is no
reference standard for asthma severity to which the ASSESS score could be compared.
Furthermore, as the ALLIANCE cohort is a purely observational cohort, we were not able to
validate changes of the ASSESS score after a defined treatment intervention. Instead, ASSESS
scores were compared between groups that were hypothesized to have different levels of
asthma severity also resorting to criteria that were part of the ASSESS score. However,
variables not included into the ASSESS score and not explored in the original publication
additionally supported the known-group validity. Yet, while our results indicate that the
ASSESS can be used as a tool to compare asthma severity between groups, a single ASSESS
score in an individual patient without a longitudinal reference measurement might be of only
limited value. Additionally, we note that there is a lack of severe asthma cases in the pediatric
asthma cohort aged 6-11 years and there is a need to validate the ASSESS score in this patient
group.

Therefore, further follow-up data from the ALLIANCE cohort and additional studies are
warranted that examine the ASSESS score over a longer course of time and to explore
characteristics of the ASSESS in relation to biomarkers associated with severity and its
responsiveness to therapy. Additionally, a possible role of the ASSESS score in clinical
practice and individual patient care needs further attention. Lastly, due to the important changes
of the GINA 2019 recommendations®? regarding treatment of mild asthma, the ASSESS score
should be amended in the future to include “as needed” ICS-formoterol use with appropriate
evaluation of these changes.

In conclusion, this study could externally replicate results regarding important measurement

characteristics of the ASSESS in an independent cohort of pediatric and adult asthma patients
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covering an extended age-range and the whole spectrum of mild to severe disease. Our results
support the application of the ASSESS score, particularly in asthma cohorts covering the
transition from childhood to adulthood or mixed age cohorts, thus rendering it an important
tool for epidemiological research. Future studies are needed to confirm its use in children
between 6 - 11 years of age and evaluate its application in a clinical context or interventional

trials.

ETHICS

The ALLIANCE study was approved by the local ethics committees (leading ethics committee:
University of Luebeck, Ethics Committee; reference no. AZ 12-215). All adult participants
provided written informed consent prior to enrolment in the study. In children, informed
consent was obtained from either parents or legal representatives if aged younger than 8 years,

and additionally by the child if aged 8 years or older.



506

507

508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548

REFERENCES:

10.

11.

12.

13.

14.

Asher M, Garcia-Marcos L, Pearce NE, Strachan DP. Trends in worldwide asthma
prevalence. Eur Respir J 2020; 56.

Pakkasela J, imarinen P, Honkamaki J, Tuomisto LE, Andersén H, Piirila P, et al. Age-
specific incidence of allergic and non-allergic asthma. BMC Pulm Med 2020; 20:9.
Rabe KF, Adachi M, Lai CK, Soriano JB, Vermeire PA, Weiss KB, et al. Worldwide
severity and control of asthma in children and adults: the global asthma insights and
reality surveys. J Allergy Clin Immunol 2004; 114:40-7.

Global Initiative for Asthma. Global Strategy for Asthma Management and
Prevention, 2022. Available from: www.ginasthma.org, cited 04-06-2022.

Pavord ID, Beasley R, Agusti A, Anderson GP, Bel E, Brusselle G, et al. After asthma:
redefining airways diseases. Lancet 2018; 391:350-400.

Taylor DR, Bateman ED, Boulet LP, Boushey HA, Busse WW, Casale TB, et al. A new
perspective on concepts of asthma severity and control. Eur Respir J 2008; 32:545-
54.

Chung KF, Wenzel SE, Brozek JL, Bush A, Castro M, Sterk PJ, et al. International
ERS/ATS guidelines on definition, evaluation and treatment of severe asthma. Eur
Respir J 2014; 43:343-73.

Dusser D, Montani D, Chanez P, de Blic J, Delacourt C, Deschildre A, et al. Mild
asthma: an expert review on epidemiology, clinical characteristics and treatment
recommendations. Allergy 2007; 62:591-604.

National Heart L, and Blood Institute (NHLBI). Expert Panel Report 3: Guidelines for
the Diagnosis and Management of Asthma (EPR-3) [Internet]. [cited 2022 August 13].
Available from: https://www.nhlbi.nih.gov/health-topics/guidelines-for-diagnosis-
management-of-asthma.

Wildfire JJ, Gergen PJ, Sorkness CA, Mitchell HE, Calatroni A, Kattan M, et al.
Development and validation of the Composite Asthma Severity Index--an outcome
measure for use in children and adolescents. J Allergy Clin Immunol 2012; 129:694-
701.

Fitzpatrick AM, Szefler SJ, Mauger DT, Phillips BR, Denlinger LC, Moore WC, et al.
Development and initial validation of the Asthma Severity Scoring System (ASSESS). J
Allergy Clin Immunol 2020; 145:127-39.

Nathan RA, Sorkness CA, Kosinski M, Schatz M, Li JT, Marcus P, et al. Development of
the asthma control test: a survey for assessing asthma control. J Allergy Clin
Immunol 2004; 113:59-65.

Bundesarztekammer B, Kassenarztliche Bundesvereinigung, Arbeitsgemeinschaft der
Wissenschaftlichen Medizinischen Fachgesellschaften. Nationale
Versorgungsleitlinie Asthma Langfassung. 2009, 2. Auflage, Version 1.3.

Fuchs O, Bahmer T, Weckmann M, Dittrich AM, Schaub B, Résler B, et al. The all age
asthma cohort (ALLIANCE) - from early beginnings to chronic disease: a longitudinal
cohort study. BMC Pulm Med 2018; 18:140.




549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Quanjer PH, Stanojevic S, Cole TJ, Baur X, Hall GL, Culver BH, et al. Multi-ethnic
reference values for spirometry for the 3-95-yr age range: the global lung function
2012 equations. Eur RespirJ 2012; 40:1324-43.

Liu AH, Zeiger R, Sorkness C, Mahr T, Ostrom N, Burgess S, et al. Development and
cross-sectional validation of the Childhood Asthma Control Test. J Allergy Clin
Immunol 2007; 119:817-25.

Norman GR, Sloan JA, Wyrwich KW. Interpretation of changes in health-related
quality of life: the remarkable universality of half a standard deviation. Med Care
2003; 41:582-92.

Wyrwich KW, Tierney WM, Wolinsky FD. Further evidence supporting an SEM-based
criterion for identifying meaningful intra-individual changes in health-related quality
of life. J Clin Epidemiol 1999; 52:861-73.

Davidson. Known-Groups Validity. In: AC M, editor. Encyclopedia of Quality of Life
and Well-Being Research. Dordrecht: Springer Netherlands; 2014. p. 3481-2.

R Core Team. R: A Language and Environment for Statistical Computing. 2021.
https://www.r-project.org/.

Schatz M, Kosinski M, Yarlas AS, Hanlon J, Watson ME, Jhingran P. The minimally
important difference of the Asthma Control Test. J Allergy Clin Immunol 2009;
124:719-23.el.

Bacharier LB, Strunk RC, Mauger D, White D, Lemanske RF, Jr., Sorkness CA.
Classifying asthma severity in children: mismatch between symptoms, medication
use, and lung function. Am J Respir Crit Care Med 2004; 170:426-32.

Kuntz KM, Kitch BT, Fuhlbrigge AL, Paltiel AD, Weiss ST. A novel approach to defining
the relationship between lung function and symptom status in asthma. J Clin
Epidemiol 2002; 55:11-8.

Schifano ED, Hollenbach JP, Cloutier MM. Mismatch between asthma symptoms and
spirometry: implications for managing asthma in children. J Pediatr 2014; 165:997-
1002.

Stout JW, Visness CM, Enright P, Lamm C, Shapiro G, Gan VN, et al. Classification of
asthma severity in children: the contribution of pulmonary function testing. Arch
Pediatr Adolesc Med 2006; 160:844-50.

Kit BK, Simon AE, Tilert T, Okelo S, Akinbami LJ. Differences in spirometry values
between U.S. children 6-11 years and adolescents 12-19 years with current asthma,
2007-2010. Pediatr Pulmonol 2016; 51:272-9.

van Dalen C, Harding E, Parkin J, Cheng S, Pearce N, Douwes J. Suitability of forced
expiratory volume in 1 second/forced vital capacity vs percentage of predicted
forced expiratory volume in 1 second for the classification of asthma severity in
adolescents. Arch Pediatr Adolesc Med 2008; 162:1169-74.

Wang AL, Datta S, Weiss ST, Tantisira KG. Remission of persistent childhood asthma:
Early predictors of adult outcomes. J Allergy Clin Immunol 2019; 143:1752-9.e6.
Zoratti EM, Krouse RZ, Babineau DC, Pongracic JA, O'Connor GT, Wood RA, et al.
Asthma phenotypes in inner-city children. J Allergy Clin Immunol 2016; 138:1016-29.
Birnbaum HG, Ivanova JI, Yu AP, Hsieh M, Seal B, Emani S, et al. Asthma severity
categorization using a claims-based algorithm or pulmonary function testing. J
Asthma 2009; 46:67-72.




594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619

620

621

31. Peer K, Adams WG, Legler A, Sandel M, Levy JI, Boynton-Jarrett R, et al. Developing
and evaluating a pediatric asthma severity computable phenotype derived from
electronic health records. J Allergy Clin Immunol 2021; 147:2162-70.

32. Global Initiative for Asthma. Global Strategy for Asthma Management and
Prevention, 2019 Available from: www.ginasthma.org, cited 04-06-2022.

FIGURE LEGENDS

Figure 1: Asthma severity according to ASSESS scores across different age groups (6-75

years).

Figure 2. ASSESS Score in relation to measures of asthma control and severity

ASSESS scores in patients with >1 exacerbation (2 A), >1 hospitalization (2 B) in the previous
year, and stratified by GINA control status (2 C). Change of ASSESS score between baseline
and 12-months follow-up was compared in patients with clinical relevant improvement of
asthma control (ACT increase by >3 points) (2D) and lung function (FEV1 increase >10%)
(2E) during the same period. Mann-Whitney U test was used for two groups and the Kruskal-

Wallis test followed by Dunn’s test for multiple comparisons for three groups (* p < 0.05, **

p < 0.01; *** p < 0.001).

Figure 3: ASSESS scores and wheezing episodes and salbutamol use in the past 12 months
in children.

Assess scores in children with asthma with > 2 wheeze episodes in the past 12 months (3A)
and in children with no salbutamol use, 1-7 months with at least once salbutamol use and > 8
months with at least once salbutamol use (3B), with > 1 emergency doctor visit due to wheeze

in the past 12 months (3C), with at least one hospitalization requiring oxygen treatment (4D)
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Mann-Whitney U test was used for two groups and the Kruskal-Wallis test followed by Dunn’s

test for multiple comparisons for three groups (* p < 0.05, ** p < 0.01; *** p < 0.001)
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Table 1: Calculation of the ASSESS score.

Component ACT score ASSESS score
23-25 points (in children 6-11 years: 24-27 points®) | 0 points
20-22 points (in children 6-11 years: 20-23 points®) | 1 point
17-19 points 2 points
14-16 points 3 points
11-13 points 4 points
8-10 points 5 points
5-7 points 6 points
Lung function FEV1% predicted ASSESS score
> 80% predicted 0 points
70-80% predicted 1 point
60-70% predicted 2 points
<60% predicted 3 points
Asthma Current medication ASSESS score
treatment? No treatment 0 points
Albuterol only 1 point
Low-dose® ICS only or LTRA only 2 points
Low-dose ICS & at least 1 controller4 or medium- | 3 points
dose® ICS only or high-dose® ICS only
Medium-dose ICS & at least 1 controller or high- 4 points
dose ICS & at least 1 controller
High-dose ICS & at least 2 controllers 5 points
Systemic corticosteroids 1 point
Current biologic 1 point
Exacerbations® Exacerbation ASSESS score
Prednisone burst 2 points
Prednisone burst + hospitalization® 4 points

The table shows the five components (left column) of the ASSESS score and their weighting.
The final score is calculated by summing up the points from each component to a maximum
score of 20 with higher scores indicating increased asthma severity. tIn children aged 6-11
years, the Childhood ACT was used. 2In ALLIANCE, “recent” medication (i.e., use in the past
4 weeks) was documented for each study visit. *Low, middle and high-dose ICS were defined
according to GINA guideline using age-dependent and substance-specific cut-offs. “Controllers
are LTRA, LABA, LAMA, Theophylline (for step 5 also low-dose oral corticosteroids).
Pediatric patients only received LABA and LRT