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 133 
ABSTRACT (250/250 words) 134 

Background:   135 

The Asthma Severity Scoring System (ASSESS) quantifies asthma severity in adolescents and 136 

adults. Scale performance in children < 12 years is unknown.  137 

Objective: To validate the ASSESS score in the All Age Asthma Cohort (ALLIANCE) and 138 

explore its use in children <12 years.  139 

Methods: Scale properties, responsiveness, and known-group validity were assessed in 247 140 

children (median age 11 years, IQR: 8-13 years) and 206 adults (median age 52 years, IQR: 141 

43-63 years). 142 

Results: Overall, measures of internal test consistency and test-retest reliability were similar 143 

to the original data of the Severe Asthma Research Program (SARP). Cronbach’s  was 0.59 144 

in children 12–18 years and 0.73 in adults, reflecting the inclusion of multiple and not always 145 

congruent dimensions to the ASSESS score especially in children. Analysis of known-group 146 

validity confirmed the discriminatory power, as the ASSESS score was significantly worse in 147 

patients with poor asthma control, exacerbations and increased salbutamol use. In children 148 

between 6–11 years test reliability was inferior compared to adults and adolescents 149 

(Cronbach’s  0.27) mostly due to a less lung function impairment in asthmatic children of this 150 

age group. Known-group validity however confirmed good discriminative power regarding 151 

severity-associated variables similar to adolescents and adults.  152 

Conclusion:  153 

Test reliability and validity of the ASSESS score was confirmed in the ALLIANCE cohort. In 154 

children aged 6-11 years internal consistency was inferior compared to older asthma patients, 155 

however test validity was good and encourages age-spanning usage of the ASSESS score in all 156 

asthma patients ≥ 6 years. 157 
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 158 

 159 

CLINICAL IMPLICATIONS 160 

The ASSESS score is a valid and useful instrument to quantify asthma severity in adults and 161 

children 12–18 years. First evidence additionally supports usage in children 6–11 years. 162 

 163 

CAPSULE SUMMARY 164 

The multidimensional ASSESS score is a valid and reliable measure for asthma severity in 165 

patients from 12 years onwards and can also be applied in children 6-11 years as validated in 166 

the ALLIANCE cohort. 167 

 168 

 169 

KEY WORDS:  170 

ALLIANCE 171 

Asthma 172 

Asthma control 173 

Asthma severity 174 

Children 175 

Pediatric asthma 176 

Adult asthma 177 

Validation study 178 

 179 
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 181 

ACT  Asthma Control Test 182 
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ALLIANCE ALL Age Asthma Cohort 183 

ASSESS Asthma Severity Scoring System 184 

CASI  Composite Asthma Severity Index 185 

FEV1  Forced Expiratory Volume in 1 second 186 

ICC  Intra-class correlation coefficient 187 

MID  Minimal important difference 188 

SD  Standard deviation 189 

SEM  Standard error of measurement  190 
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INTRODUCTION 191 

Asthma is one of the most prevalent chronic respiratory diseases worldwide and affects patients 192 

of all ages.1-3 It is a heterogeneous disease driven by chronic inflammation and structural 193 

remodeling of the airways resulting in variable expiratory airflow limitations and symptoms 194 

such as wheeze, cough and shortness of breath.4, 5 According to the Global Initiative of Asthma 195 

(GINA) guidelines, assessment of asthma patients in primary care usually encompasses 196 

evaluation of asthma control as well as severity.4, 6  197 

Measuring asthma severity is complex and several clinical dimensions can be used as a proxy, 198 

for example asthma symptoms including exacerbations, lung function impairment and level of 199 

controller medication. The GINA guideline proposes to assess asthma severity retrospectively 200 

by the level of controller medication a patient needs to achieve and maintain asthma control.4, 201 

7 However, this classification has some shortcomings; it works well for patients with severe 202 

asthma, as it identifies those patients with increased risk for adverse outcomes and who could 203 

benefit from further investigations and treatment with biologicals. In contrast, patients with 204 

“mild” asthma according to their low levels of asthma medications might still be at risk for 205 

exacerbations and even fatal outcomes, especially in patients with infrequent symptoms.8 206 

Another guideline recommends using symptom intensity and lung function in patients without 207 

prior controller medication9, however many patients seen in tertiary centers or included in 208 

cohort studies are already treated with controllers. 209 

 Lastly, the Composite Asthma Severity Index (CASI) comprises medication, lung function as 210 

well as symptom burden, but has only been evaluated in children10. In contrast, the recently 211 

published Asthma Severity Scoring System (ASSESS) score is a multidimensional instrument 212 

and has been developed for children ≥ 12 years and adults.11 The ASSESS score captures 213 

symptom load via weighted scores of the Asthma Control Test (ACT)12, as well as lung 214 

function, current medications, and  exacerbations in the past 6 months. Promising 215 
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characteristics regarding measurement properties, responsiveness to therapeutic intervention, 216 

and its association with various asthma outcomes have been confirmed.11 Nonetheless, in their 217 

conclusion, the authors called for additional validation studies before using the ASSESS score 218 

in a broader context.11 Furthermore, asthma affects children of all age groups, therefore 219 

instruments of asthma control and severity should ideally encompass all age groups. Until now, 220 

it is unknown if the ASSESS score can also be applied to children < 12 years.   221 

Using data from the All Age asthma cohort (ALLIANCE) recruiting children with preschool 222 

wheeze as well as children, adolescents and adults with asthma, we aimed to validate the 223 

measurement properties of the ASSESS score in an independent cohort. Furthermore, we 224 

analyzed the performance of the ASSESS score in children 6–11 years with predominately 225 

mild-to-moderate asthma.  226 

 227 

 228 

METHODS 229 

 230 

Study design 231 

We analyzed data from the prospective, observational, multi-center All Age Asthma Cohort 232 

(ALLIANCE) study, which recruits pediatric and adult asthma patients from age 6 years 233 

onwards with asthma diagnosed according to GINA4 and German national guidelines13 at seven 234 

hospitals across Germany. Children < 6 years with recurrent preschool wheeze are recruited in 235 

an additional study arm but were not part of the present study. The study was approved by local 236 

Ethic Committees and parents of underage study participants gave informed consent as well as 237 

study participants from eight years of age onwards. The study was registered at 238 

clinicaltrials.gov (pediatric arm: NCT02496468 and adult arm: NCT02419274). 239 
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Further details regarding study design, inclusion and exclusion criteria have been published 240 

elsewhere.14 In this study, all asthma patients  6 years with available data to calculate the 241 

ASSESS score from the pediatric and adult study arm were included (see Figure E1 in the 242 

Online Repository). Spirometry values were analyzed as percent predicted values using 243 

published reference equations.15 Further details regarding clinical variables used are specified 244 

in the Online Repository.  245 

 246 

ASSESS score calculation 247 

The ASSESS score was calculated in each patient as described previously, ranging from 0 to 248 

20 points, with 20 points denoting the most severe score.11 The score consists of four 249 

components, namely symptom load (ACT scores), lung function (FEV1% predicted), 250 

medication, and exacerbations (i.e., systemic corticosteroid requirement and/or hospitalization 251 

in the previous 12 months due to asthma symptoms). The various categories within each 252 

component and their equivalent ASSESS score points are displayed in Table 1.   253 

Some adaptions to the ASSESS scoring system were necessary due to the information available 254 

in the ALLIANCE dataset: The original publication from the SARP cohort refers to the past 255 

six months regarding exacerbations in most but not all time points assessed for score validity.11 256 

Our analyses always included data from the past 12 months for exacerbation data. Similarly, 257 

the original publication referred to medication taken at the study visit when calculating “recent 258 

medication use” while our analyses refer to any regular medication taken in the past 4 weeks. 259 

Lastly, for children 6–11 years we used the Childhood Asthma Control Test.16 Further 260 

information can also be found in the Online Repository.  261 

 262 

Data analysis and statistics  263 
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Cronbach’s  was calculated to evaluate internal consistency between score components. Test-264 

retest reliability between ASSESS scores at baseline and at 12 months follow-up was assessed 265 

by computing the intra-class correlation coefficient (ICC) based on a two-way random effects 266 

model. The minimal important difference (MID) was calculated in a distribution-based fashion 267 

using two established MID definitions, as previously described also for ASSESS.17, 18 268 

MID=0.5*standard deviation (SD) and MID=1*standard error of measurement (SEM). 269 

Correlations were evaluated using Spearman’s method.  270 

Differences between groups were tested using the Mann-Whitney U test for two groups and 271 

the Kruskal-Wallis test followed by Dunn’s test for multiple comparisons for three groups. For 272 

descriptive statistics, we used mean and standard deviation (SD), median and interquartile 273 

range (IQR) as appropriate and p-values were calculated using Wilcoxon-Test or Chi-square 274 

test. 275 

To test the construct validity of ASSESS in the absence of a reference standard, the score was 276 

compared between a set of categories that were hypothesized to reflect different levels of 277 

asthma severity (known-group validity).19 These categories were uncontrolled asthma 278 

according to GINA, occurrence of ≥1/ ≥2 steroid-requiring exacerbation(s), ≥1 hospitalization 279 

in the past 12 months, emergency doctor visits due to wheeze and hospital stays with oxygen 280 

requirement in the past 12 months (children only).  281 

In pediatric patients, to reflect the higher prevalence of mild-to-moderate asthma in this patient 282 

group, ASSESS scores were additionally compared between patients classified by ≥2 283 

salbutamol-requiring wheezing episodes during the past year and by months of salbutamol-use 284 

in the past year (none vs. <1–7 months vs. ≥8 months). To examine score changes over time, 285 

changes in ASSESS scores between baseline and follow-up were compared in patients with a 286 

clinically relevant improvement of asthma control (ACT increase of ≥3 points) and lung 287 
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function (≥10% increase of FEV1 % predicted value). All statistical analyses were performed 288 

with R (version 4.1).20 289 

 290 

RESULTS 291 

Patient characteristics 292 

In total, 247 of 298 (83%) asthmatic children had all available data to calculate the ASSESS 293 

scores at baseline and were included in the study, with 140 children aged 6–11 years and 107 294 

children aged 12–18 years. In the adult cohort, the ASSESS score was available in 206 of 218 295 

(94%) patients. (see Figure E1 in the Online Repository). The median age in the pediatric 296 

cohort was 9 years (IQR: 8–11 years) in children aged 6–11 years and 14 years (IQR: 13-15 297 

years) in children aged 12–18 years, while it was 52 years (IQR: 43–63) in the adult cohort. 298 

The age groups differed considerably regarding severity-associated clinical characteristics; 299 

adult asthma patients showed more uncontrolled asthma, lower FEV1 and a higher percentage 300 

of patients with high-dose ICS or regular systemic steroid treatment. Further details on baseline 301 

patient characteristics in pediatric and adult patients are summarized in Table 2. 302 

 303 

ASSESS score distribution  304 

The distribution of baseline ASSESS scores across different age groups is depicted in Figure 305 

1. The mean ASSESS score was significantly lower at baseline in both pediatric cohorts with 306 

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 307 

children aged 12–18 years compared to adults with 8.5 points (SD: 4.4; range: 0–20), indicating 308 

an overall higher severity of asthma in the adult cohort (p <0.001, Table 3).  309 

There was no significant difference of mean baseline ASSESS scores between children of 6–310 

11 years and 12–18 years (3.9 points (SD 2.6; range; 0–12) vs. 3.9 points (SD 3.2; range: 0–311 

18, Table 3). Neither was there a significant score difference between male and females in 312 
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neither the pediatric nor adult cohort (data not shown). The ASSESS score remained stable 313 

between baseline and 12 months follow-up in children. The 12 months ASSESS score was 3.3 314 

points (SD: 2.4; range: 0–14) and 3.3 points (SD: 2.9; range: 0–16) in children aged 6–11 years 315 

and those aged 12–18 years, respectively. In adults, a substantially lower ASSESS score was 316 

seen at 12-months (5.7 points; SD: 3.1; range: 2–16).  317 

 318 

Scale properties  319 

Internal consistency of the ASSESS score components at baseline, measured by Cronbach’s , 320 

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, 321 

while it was  0.73 (0.67–0.79) in the adult cohort (see Table E1 A-B in the Online 322 

Repository). Thus, internal consistency was comparable to the original publication11 in regard 323 

to adults and children between 12–18 years but lower in younger children mostly due to the 324 

poor correlation of lung function with the other scale items.  325 

The test-retest reliability in participants with available baseline and 12-months follow-up 326 

scores using ICC estimates based on two-way random-effects models was 0.47 (0.29–0.62) in 327 

children 6-11 years, 0.78 (0.63–0.86) in children 12–18 years, and 0.64 (0.42–0.77) in adults. 328 

The ICC estimate in adults was slightly lower than in the original publication11 and indicates 329 

moderate – good test-retest reliability.17 Again, children of 12–18 years showed overall higher 330 

ICC than children of 6–11 years.  331 

The original publication identified a minimal important difference (MID) of 2 points. 332 

Concordantly, we found a similar MID in adults with 2.20 calculated according to the 0.5*SD 333 

method and 2.30 (1*SEM method) in adult asthma patients. The MID in children trended lower 334 

and depended more on the method applied than the adult MIDs (1.3 [0.5*SD method] and 2.1 335 

[1*SEM method] and 1.6 [0.5*SD method] and 2.1 [1*SEM method] in children 6-11 years 336 

and 12-18 years, respectively).  337 
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In the adult cohort, ASSESS scores were found to be moderately negatively correlated with 338 

FEV1 % predicted values (Spearman’s rho: -0.61, p<0.001) and FEV1/FVC predicted values 339 

(Spearman’s rho: -0.47, p<0.001). In children 6-11 years, neither the FEV1% predicted values 340 

nor the FEV1/FVC predicted values correlated with ASSESS scores (FEV1% predicted values: 341 

Spearman’s rho: -0.02, p=0.803; FEV1/FVC predicted values: Spearman’s rho: -0.01, 342 

p=0.933). Children 12-18 years showed a weak correlation between the ASSESS scores and 343 

FEV1/FVC predicted values in children  (Spearman’s rho: -0.26, p=0.007), but not between 344 

ASSESS scores and FEV1% predicted values (Spearman’s rho: -0.11, p=0.254). 345 

Increased asthma severity is associated with reduced asthma related quality of life (QoL). This 346 

was also reflected in the ASSESS score, which was inversely correlated with the asthma quality 347 

of life questionnaire (AQLQ) scores in adults (Spearman’s rho: -0.68, p<0.001) at baseline (see 348 

Figure E2 A in the Online Repository). Data regarding QoL was not available for children. 349 

 350 

Known-group validity 351 

To test the construct validity of ASSESS in adults, the score was compared between patients 352 

that were hypothesized to have different levels of asthma severity. Patients with ≥1 steroid-353 

requiring exacerbation(s) or ≥1 hospitalization in the previous year had significantly higher 354 

mean ASSESS scores compared to patients who did not experience those events. This was 355 

observed in adult patients as well as in both pediatric age subgroups (Figure 2 A, B and Table 356 

4 A-C). A statistically significant difference in ASSESS scores could also be seen between 357 

GINA control ratings, with significantly increasing mean ASSESS scores from controlled to 358 

partly and uncontrolled asthma in both pediatric cohorts and in adults (Figure 2 C). In adults, 359 

a clinically relevant increase of 0.5 in the AQLQ between baseline and 12 months follow-up, 360 

indicating improvement of quality of life, was associated with in a significant reduction of the 361 

ASSESS score, i.e. asthma severity (Table 4C, Figure E2 B in the Online Repository).  362 
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Patients with an ACT increase of ≥3 points21 at 12 months follow-up showed on average a 363 

significantly greater ASSESS score decrease compared to those without such an increase, 364 

which we observed in both pediatric cohorts and adults (Figure 2 D and Table 4 A-C). 365 

Furthermore, adults with an increase of ≥10% in FEV1% predicted values between baseline 366 

and 12 months follow-up also had a significantly improvement (decrease) of the ASSESS score 367 

(Figure 2 E and Table 4B). In the pediatric cohort, this difference was not statistically in either 368 

children aged 6-11 years not those aged 12–18 years (Figure 2 E in the Online Repository; 369 

Table 4 A-B).  370 

In children, we additionally analyzed responsiveness of the ASSESS score with regard to 371 

clinical variables not involved into the ASSESS score components. Children in both age groups 372 

with emergency doctor visits had significantly higher ASSESS scores than those without 373 

(Figure 3A in the Online Repository; Table 4 A–B).. Likewise, children in both age groups 374 

who required oxygen during a hospital stay at least once in the past 12 months scored 375 

significantly higher on the ASSESS score than those who did not (Figure 3B in the Online 376 

Repository; Table 4 A–B). 377 

We observed responsiveness of the ASSESS score related to wheezing episodes per year (≥2 378 

wheeze episodes with more than 2 days of salbutamol use) and the amount of reliever needed 379 

in the previous 12 months (months with salbutamol use). Children who experienced ≥2 380 

wheezing episodes in the past year had significantly higher ASSESS scores, indicating more 381 

severe asthma. (Figure 3 C in the Online Repository; Table 4 A–B). Equally, children who 382 

used salbutamol in 8 or more months displayed the highest mean ASSESS score in both 383 

pediatric age groups compared to children without any salbutamol use in the past 12 months. 384 

In children of 12–18 years, a significant difference in ASSESS scores was also seen in children 385 

with at least 8 months of salbutamol use compared to children with 1-7 months of salbutamol 386 

use (Figure 3D).  387 
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 388 

DISCUSSION 389 

The ASSESS score is a newly proposed instrument to quantify asthma severity in adolescents 390 

and adults.  Here, we evaluated the performance of the ASSESS score in the ALLIANCE 391 

cohort, a multi-center, combined pediatric and adult asthma cohort, addressing the need for 392 

further external validation.  393 

Overall, our analysis showed comparable reliability and validity in adults and children older 394 

than 12 years as the original publication11, confirming the utility of the ASSESS score with 395 

data from an independent asthma cohort. Furthermore, we demonstrate for the first time that 396 

the ASSESS score can also be applied to children aged 6-11 years, thus emphasizing the 397 

usefulness of this instrument to measure asthma severity across all age groups ≥ 6 years unlike 398 

previously published asthma severity scores10. 399 

Still, scale reliability metrics like internal consistency and test-retest reliability were lower in 400 

children of 6-11 years. In general, internal consistency was not expected to be excellent in all 401 

age groups 10, 11, as the ASSESS score aimed to incorporate distinct dimensions of asthma 402 

severity (medication, lung function, symptoms and exacerbations), which do not necessarily 403 

behave concordantly in all patients. For example, some patients might have poor lung function 404 

but still perceive their asthma as controlled. This can lead to a lower consistency among score 405 

components which was particularly evident in the pediatric age group, especially in children 406 

between 6-11 years who had a markedly lower Cronbach’s α compared to adolescents and 407 

adults. Specifically, the dimension lung function was not as important to the overall ASSESS 408 

score as in adults (Table E1 in the Online Repository) which was also reflected by the poor 409 

correlation between the ASSESS score and FEV1 % predicted in children compared to adults.  410 

This was consistent with previous data showing that FEV1 correlates poorly with symptom-411 

based severity in children.22-25 In general, many children with an asthma diagnosis according 412 
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to guidelines show a normal lung function test with a FEV1 > 80% predicted 25-29 and lung 413 

function therefore cannot contribute to the ASSESS sum score in these children (see Table 1). 414 

In contrast, the Composite Asthma Severity Index (CASI), an asthma severity score for 415 

children used a higher FEV1 cut-off of 85%, however this did also not improve internal score 416 

consistency10.  417 

Although lung function seemed to be less important for severity assessment in the younger age 418 

groups and therefore impacted negatively on the scores’ internal consistency, it is an important 419 

dimension of asthma severity in adolescents and adults. This further emphasizes the need for a 420 

composite score capturing multiple dimensions of asthma severity, particularly if the aim is to 421 

apply it across all age groups and outweighs the negative impact of lung function for the 422 

internal consistency in the youngest age group.  ASSESS scores differed significantly between 423 

groups that were hypothesized to have different asthma severity levels, demonstrating good 424 

known-group validity. Some of the groups were dichotomized by variables that are part of the 425 

ASSESS score, which makes the detected differences probable. Still, this indicates that the 426 

ASSESS is a good alternative option in clinical studies to reflect the overall asthma severity 427 

compared to reporting single variables. Additionally, we were able to show good known-group 428 

validity for clinical variables not included into the ASSESS score such as the number of wheeze 429 

episodes and salbutamol use over the past 12 months in children and AQLQ in adults.  430 

 Furthermore, we also found good known-group validity in children aged 6–11 years for most 431 

variables tested, further supporting the utility of the ASSESS score as a useful and valid 432 

measure for asthma severity even in young children.  433 

In our study, pediatric patients suffered mostly from mild-to-moderate asthma, as opposed to 434 

the more severe disease spectrum in the adult cohort. This was also reflected by generally lower 435 

ASSESS scores. The ASSESS score showed the ability to distinguish not only groups in regard 436 

to severe events (steroid-requiring exacerbations, hospitalizations), but also between milder 437 
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outcomes (≥2 salbutamol-requiring wheezing episodes, months of salbutamol use). However, 438 

mean score differences between groups were generally smaller in the pediatric cohort 439 

compared to the adult cohort, especially regarding the milder outcomes.  440 

Although quantifying asthma severity has long been identified as a need for asthma patient care 441 

and research, only few instruments exist. The CASI is overall similar to the ASSESS score in 442 

regards to the clinical dimensions included, however has only been validated for children and 443 

adolescents10. Additionally, information on asthma symptoms is restricted to days and nights 444 

with SABA use, while the ASSESS score relies on the ACT which includes more diverse 445 

information about the patients’ perception of asthma symptoms. Additionally, the ACT is 446 

widely used in clinical and research settings which makes it possible to analyze the ASSESS 447 

score retrospectively. Several categorical classifications have been developed as well22, 30, 31 448 

including using the GINA treatment steps as proxy for severity4. However, categorical 449 

classification systems often lack discriminative power, particularly if more than one dimension 450 

of asthma severity is included. Peer et al. for example developed an instrument based on the 451 

severity assessment proposed by the National Heart, Lung and Blood Institute9 in which the 452 

worst severity observed in four clinical categories (symptoms, FEV1, medication and ICD-10 453 

code for asthma severity) defined the overall severity. This approach cannot differentiate if a 454 

patient shows high severity in only one or all four dimensions.31 Instruments based on scores 455 

as the ASSESS score are not only able to incorporate and weigh different dimensions but also 456 

offer a continuous scale advantageously for scientific analysis. 457 

 458 

Strengths of this study include the multi-center, prospective study design and inclusion of 459 

children as well as adults in the same study which allowed us to study and compare the ASSESS 460 

score across different age groups. Furthermore, we were also able to evaluate known-group 461 
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validity in children encompassing independent variables that were not part of the ASSESS 462 

score.  463 

We note several limitations to our study. A conceptual limitation lies in the fact that there is no 464 

reference standard for asthma severity to which the ASSESS score could be compared. 465 

Furthermore, as the ALLIANCE cohort is a purely observational cohort, we were not able to 466 

validate changes of the ASSESS score after a defined treatment intervention. Instead, ASSESS 467 

scores were compared between groups that were hypothesized to have different levels of 468 

asthma severity also resorting to criteria that were part of the ASSESS score. However, 469 

variables not included into the ASSESS score and not explored in the original publication 470 

additionally supported the known-group validity. Yet, while our results indicate that the 471 

ASSESS can be used as a tool to compare asthma severity between groups, a single ASSESS 472 

score in an individual patient without a longitudinal reference measurement might be of only 473 

limited value. Additionally, we note that there is a lack of severe asthma cases in the pediatric 474 

asthma cohort aged 6–11 years and there is a need to validate the ASSESS score in this patient 475 

group. 476 

Therefore, further follow-up data from the ALLIANCE cohort and additional studies are 477 

warranted that examine the ASSESS score over a longer course of time and to explore 478 

characteristics of the ASSESS in relation to biomarkers associated with severity and its 479 

responsiveness to therapy. Additionally, a possible role of the ASSESS score in clinical 480 

practice and individual patient care needs further attention. Lastly, due to the important changes 481 

of the GINA 2019 recommendations32 regarding treatment of mild asthma, the ASSESS score 482 

should be amended in the future to include “as needed” ICS-formoterol use with appropriate 483 

evaluation of these changes.  484 

In conclusion, this study could externally replicate results regarding important measurement 485 

characteristics of the ASSESS in an independent cohort of pediatric and adult asthma patients 486 
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covering an extended age-range and the whole spectrum of mild to severe disease. Our results 487 

support the application of the ASSESS score, particularly in asthma cohorts covering the 488 

transition from childhood to adulthood or mixed age cohorts, thus rendering it an important 489 

tool for epidemiological research. Future studies are needed to confirm its use in children 490 

between 6 - 11 years of age and evaluate its application in a clinical context or interventional 491 

trials.  492 

 493 
 494 

ETHICS 495 

 496 

The ALLIANCE study was approved by the local ethics committees (leading ethics committee: 497 

University of Luebeck, Ethics Committee; reference no. AZ 12-215). All adult participants 498 

provided written informed consent prior to enrolment in the study. In children, informed 499 

consent was obtained from either parents or legal representatives if aged younger than 8 years, 500 

and additionally by the child if aged 8 years or older. 501 

 502 

 503 
 504 
  505 
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 599 
 600 
 601 
FIGURE LEGENDS 602 

 603 

Figure 1: Asthma severity according to ASSESS scores across different age groups (6–75 604 

years). 605 

 606 

Figure 2. ASSESS Score in relation to measures of asthma control and severity  607 

ASSESS scores in patients with 1 exacerbation (2 A), 1 hospitalization (2 B) in the previous 608 

year, and stratified by GINA control status (2 C). Change of ASSESS score between baseline 609 

and 12-months follow-up was compared in patients with clinical relevant improvement of 610 

asthma control (ACT increase by 3 points) (2D) and lung function (FEV1 increase 10%) 611 

(2E) during the same period. Mann-Whitney U test was used for two groups and the Kruskal-612 

Wallis test followed by Dunn’s test for multiple comparisons for three groups (* p < 0.05, ** 613 

p < 0.01; *** p < 0.001). 614 

 615 

Figure 3: ASSESS scores and wheezing episodes and salbutamol use in the past 12 months 616 

in children.  617 

Assess scores in children with asthma with  2 wheeze episodes in the past 12 months (3A) 618 

and in children with no salbutamol use, 1-7 months with at least once salbutamol use and  8 619 

months with at least once salbutamol use (3B), with  1 emergency doctor visit due to wheeze 620 

in the past 12 months (3C), with at least one hospitalization requiring oxygen treatment (4D) 621 
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Mann-Whitney U test was used for two groups and the Kruskal-Wallis test followed by Dunn’s 622 

test for multiple comparisons for three groups (* p < 0.05, ** p < 0.01; *** p < 0.001) 623 
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Table 1: Calculation of the ASSESS score.  670 
 671 

Component ACT score ASSESS score 

 23-25 points (in children 6-11 years: 24-27 points1) 

20-22 points (in children 6-11 years: 20-23 points1) 

17-19 points 

14-16 points 

11-13 points 

8-10 points 

5-7 points 

0 points 

1 point 

2 points 

3 points 

4 points 

5 points 

6 points 

Lung function FEV1% predicted ASSESS score 

≥ 80% predicted  

70-80% predicted  

60-70% predicted 

<60% predicted 

0 points 

1 point 

2 points 

3 points 

Asthma 

treatment2 

Current medication  ASSESS score 

No treatment 

Albuterol only 

Low-dose3 ICS only or LTRA only 

Low-dose ICS & at least 1 controller4 or medium-

dose3 ICS only or high-dose3 ICS only 

Medium-dose ICS & at least 1 controller or high-

dose ICS & at least 1 controller 

High-dose ICS & at least 2 controllers 

 

Systemic corticosteroids 

Current biologic 

0 points 

1 point 

2 points 

3 points 

 

4 points 

 

5 points 

 

1 point 

1 point 
Exacerbations5 Exacerbation ASSESS score 

Prednisone burst 

Prednisone burst + hospitalization6 

2 points 

4 points 

 672 
The table shows the five components (left column) of the ASSESS score and their weighting. 673 
The final score is calculated by summing up the points from each component to a maximum 674 
score of 20 with higher scores indicating increased asthma severity. 1In children aged 6-11 675 
years, the Childhood ACT was used. 2In ALLIANCE, “recent” medication (i.e., use in the past 676 
4 weeks) was documented for each study visit. 3Low, middle and high-dose ICS were defined 677 
according to GINA guideline using age-dependent and substance-specific cut-offs. 4Controllers 678 
are LTRA, LABA, LAMA, Theophylline (for step 5 also low-dose oral corticosteroids). 679 
Pediatric patients only received LABA and LRTA. 5Prednisone bursts and hospitalizations 680 
refer to the past 12 months. 681 
ACT: Asthma Control Test; ASSESS: Asthma Severity Scoring System; FEV1: Forced 682 
Expiratory Volume in 1 second; ICS: Inhaled Corticosteroids; LABA: Long-acting beta 683 
agonist; LAMA: Long-acting muscarinic antagonists; LTRA: Leukotriene receptor 684 
antagonist. 685 
 686 
 687 
 688 
 689 
 690 
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 691 
 692 
 693 
Table 2: Patient characteristics. 694 

Variable Children 6–11 

years (n=140) 

Children 12–18 

years (n=107) 

Adult cohort 

(n=206) 

P-Value 

Age (years) 9 (IQR: 8–11) 14 (IQR: 13–15) 52 (IQR: 43–63) a: <0.001 

b: <0.001 

c: <0.001 

Sex  

    Female 

    Male 

 

39 (28%) 

101 (72%) 

 

47 (44%) 

60 (56%) 

 

117 (57%) 

89 (43%) 

a: 0.019 

b: <0.001 

c: <0.001 

GINA control 

    Uncontrolled 

    Partly controlled 

    Controlled 

 

12 (9%) 

44 (31%) 

84 (60%) 

 

16 (15%) 

40 (37%) 

51 (48%) 

 

79 (38%) 

76 (37%) 

51 (25%) 

 

a: N.S. 

b: <0.001 

c: <0.001 

ACT score 

    23-27 (6-11 years) 

    23–25 ( 12 years) 

    20–22 

    17–19 

    14–16 

    11–13 

    8–10 

    5–7 

 

69 (49%) 

 

46 (33%) 

15 (11%) 

6 (4%) 

2 (1%) 

0 (0%) 

2 (1%) 

 

 

58 (54%) 

22 (21%) 

16 (15%) 

5 (5%) 

4 (4%) 

1 (1%) 

1 (1%) 

 

 

54 (26%) 

48 (23%) 

35 (17%) 

26 (13%) 

21 (10%) 

13 (6%) 

9 (4%) 

N.S. 

FEV1% predicted 96 (IQR: 89–

102%) 

89 (IQR: 82–

100%) 

77 (IQR: 76–

92%) 

a: 0.011 

b: <0.001 

c: <0.001 

Medications 

    SABA 

 

 

    ICS intake 

         Low 

         Medium 

         High 

 

    LABA intake 

    LAMA1 

 

 

    LTRA 

 

68 (49%) 

 

 

47 (34%) 

37 (26%) 

13 (9%) 

56 (40%) 

 

–  

17 (12%) 

 

 

1 (1%) 

 

54 (51%) 

 

 

49 (46%) 

21 (20%) 

4 (4%) 

51 (48%) 

 

– 

13 (12%) 

 

 

3 (3%) 

 

157 (76%) 

 

 

195 (95%) 

51 (25%) 

32 (16%) 

107 (52%) 

 

170 (83%) 

51 (25%) 

 

 

30 (15%) 

 

a: 0.011 

b: <0.001 

c: <0.001 

a: N.S. 

b: <0.001 

c: <0.001 

 

 

– 

a: N.S. 

b: <0.001 

c: <0.001 

N.S. 
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    Biologicals 

 

 

    Systemic steroids 

    

 

 Theophylline 

9 (6%) 

 

 

9 (6%) 

3 (3%) 

 

 

3 (3%) 

14 (7%) 

 

 

45 (22%) 

 

 

15 (7%) 

a: N.S. 

b: 0.042 

c: N.S. 

a: N.S. 

b: <0.001 

c: <0.001 

– 

Exacerbations 

    Severe 

exacerbation (yes) 

   

  Hospitalization 

(yes) 

 

 

28 (20%) 

 

18 (13%) 

 

 

18 (17%) 

 

13 (12%) 

 

 

116 (56%) 

 

42 (20%) 

a: N.S. 

b: <0.001 

c: <0.001 

 

N.S. 

 695 

Values are given as median (interquartile range) for continuous variables, and absolute and 696 
relative frequencies for categorical variables, unless stated otherwise. LAMA intake was not 697 
recorded in children.  a: Children 6–11 years vs. children 12–18 years; b: Children 6–11 years 698 
vs. adults; c: Children 12–18 years vs. adults.  699 
ASSESS: Asthma Severity Scoring System; ICS: Inhaled Corticosteroids; IQR: Interquartile 700 
range; LABA: Long-acting beta agonist; LAMA: Long-acting muscarinic antagonists; LTRA: 701 
Leukotriene receptor antagonist; N.S.: Not significant; SABA: Short-acting beta agonist; SD: 702 
Standard deviation 703 
 704 
 705 
 706 
 707 
 708 
 709 
 710 
 711 
 712 
 713 
 714 
 715 
 716 
 717 
 718 
 719 
 720 
 721 
 722 
 723 
 724 
 725 
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Table 3:  ASSESS score distributions in pediatric and adult asthma patients at baseline and 12 726 
months follow-up. 727 
 728 
 729 
 ASSESS score (Baseline) ASSESS score (12 months 

follow-up) 

Children 6-11 years 

(n=140) 

3.9 (2.6) 3.3 (2.4) 

 

Children 12–18 years 

(n=107) 

3.9 (3.2) 

 

3.3 (2.9) 

 

Adult Cohort (n=206) 8.5 (4.4) 

 

5.7 (3.1) 

 730 
Mean ASSESS score (SD) per age group.  731 
 732 
 733 
Table 4A: Known-group validity – comparison between dichotomized outcome groups 734 
in children aged 6 – 11 years 735 
 736 

Comparison 
in 

Outcome Number of 
patients 

with 
outcome 

(%) 

ASSESS score/ ASSESS score 
change 

p-value 

Subjects with 
outcome 

Subjects 
without 
outcome 

Mean 
ASSESS 
score 

≥1 exacerbation 28 (20%) 7.3 (2.0) 3.1 (2.0) <0.001 

≥2 exacerbations 17 (12%) 7.2 (2.4) 3.5 (2.4) <0.001 

≥1 
hospitalization 

18 (13%) 7.9 (2.3) 3.4 (2.1) <0.001 

≥1 emergency 
doctor visit 

51 (37%) 5.3 (2.7) 3.2 (2.3) <0.001 

≥1 hospital stay 
with oxygen 
requirement 

14 (10%) 8.5 (1.7) 3.4 (2.2) <0.001 

≥2 wheeze 
episodes 

61 (45%) 4.5 (2.7) 3.4 (2.5) 0.026 

Mean 
ASSESS 
score 
change 

≥3 ACT score 
increase 

23 (26%) -2.6 (2.8) 0.0 (2.1) <0.001 

≥10% FEV1% 

pred. increase 
12 (13%) -1.2 (2.6) -0.6 (2.6) 0.330 

 737 
Table 4B: Known-group validity – comparison between dichotomized outcome groups 738 
in children 12 – 18 years 739 
 740 

Comparison 
in 

Outcome Number of 
patients 

ASSESS score/ ASSESS score 
change 

p-value 
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with 
outcome 

(%) 

Subjects with 
outcome 

Subjects 
without 
outcome 

Mean 
ASSESS 
score 

≥1 exacerbation 18 (17%) 8.6 (3.5) 3.0 (2.2) <0.001 

≥2 exacerbations 11 (10%) 8.6 (3.0) 3.1 (2.4) <0.001 

≥1 
hospitalization 

13 (12%) 7.1 (4.9) 3.5 (2.7) 0.003 

≥1 emergency 
doctor visit 

25 (23%) 5.6 (4.3) 3.4 (2.6) 0.008 

≥1 hospital stay 
with oxygen 
requirement 

11 (10%) 7.8 (3.5) 3.5 (2.7) <0.001 

≥2 wheeze 
episodes 

41 (40%) 5.6 (3.7) 2.5 (1.9) <0.001 

Mean 
ASSESS 
score 
change 

≥3 ACT score 
increase 

21 (27%) -2.1 (2.0) -0.5 (1.9) 0.001 

≥10% FEV1% 

pred. increase 
9 (11%) 0 (2.0) -1.0 (2.0) 0.176 

 741 
Table 4C: Known-group validity – comparison between dichotomized outcome categories 742 

(adults) 743 

Comparison 

in 

Outcome Number of 

patients with 

outcome (%) 

ASSESS score/ ASSESS score 

change 

p-value 

Subjects with 

outcome 

Subjects without 

outcome 

Mean 

ASSESS 

score 

≥1 exacerbation 116 (56%) 11.1 (3.9) 5.3 (2.6) <0.001 

≥2 exacerbations 43 (21%) 7.7 (3.4) 4.5 (2.1) <0.001 

≥1 hospitalization 41 (20%) 13.0 (4.2) 7.5 (3.7) <0.001 

Mean 

ASSESS 

score 

change 

≥3 ACT points 

increase 

26 (25%) -3.6 (2.6) -0.6 (2.3) <0.001 

≥10% FEV1% 

pred. increase 

10 (9%) -3.1 (2.3) -1.2 (2.7) 0.030 

≥0.5 AQLQ score 

increase 

60 (61%) -1.9 (2.7) -0.6 (2.7) 0.027 

 744 
Comparison between dichotomized outcome categories. The tables show for both pediatric 745 
cohorts (4A-B) and adults (4C) the mean ASSESS score in patients with and without specific 746 
outcomes (≥ 1 of 2 exacerbations, ≥ 1 hospitalization and ≥ 2 wheeze episodes (children only)) 747 
in the past 12 months. Additionally, the mean ASSESS score change between baseline and 12-748 
months follow-up was calculated for patients with and without specific outcomes (increase of 749 
≥ 3 points of the ACT, increase of ≥ 10% FEV1 %predicted and ≥0.5 points increase of AQLQ 750 
score in adults only). P-values were calculated using Mann-Whitney U Test. ACT: Asthma 751 
Control Test; ASSESS: Asthma Severity Scoring System; FEV1: Forced Expiratory Volume in 752 
1 second, AQLQ: Asthma Quality of Life Questionnaire. 753 
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