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Abstract (word count = 250) 182 

Background 183 

Tools for quantification of asthma severity are limited.  184 

Objective 185 

To develop a continuous measure of asthma severity, the Asthma Severity Scoring System 186 

(ASSESS), for adolescents and adults incorporating domains of asthma control, lung function, 187 

medications, and exacerbations. 188 

Methods 189 

Baseline and 36-month longitudinal data from participants in Phase 3 of the Severe Asthma 190 

Research Program (SARP, NCT01606826) were utilized. Scale properties, responsiveness, and a 191 

minimal important difference (MID) were determined. External replication was performed in 192 

participants enrolled in SARP Phase 1/2. Utility of ASSESS for detecting treatment response was 193 

explored in participants undergoing corticosteroid responsiveness testing with intramuscular 194 

triamcinolone and participants receiving biologics. 195 

Results 196 

ASSESS scores ranged from 0 to 20 (8.78 ± 3.9; higher scores reflect worse severity) and 197 

differed between 5 phenotypic groups. Measurement properties were acceptable. ASSESS was 198 

responsive to changes in quality of life with a MID of 2, with good specificity for outcomes of 199 

asthma improvement and worsening, but poor sensitivity. Replication analyses yielded similar 200 

results, with a 2-point decrease (improvement) associated with improvements in quality of life. 201 

Participants with ≥2 point decrease (improvement) in ASSESS scores also had greater 202 

improvement in lung function and asthma control after triamcinolone, but these differences were 203 



limited to phenotypic clusters 3, 4 and 5. Participants treated with biologics also had ≥2 point 204 

decrease (improvement) in ASSESS scores overall. 205 

Conclusions  206 

The ASSESS tool is an objective measure that may be useful in epidemiologic and clinical 207 

research studies for quantification of treatment response in individual patients and in phenotypic 208 

groups. However, validation studies are warranted. 209 

 210 

Clinical implications (word count = 31) 211 

The Asthma Severity Scoring System (ASSESS) incorporates four asthma domains and may be 212 

useful in research settings for the quantification of treatment response in individual patients and 213 

in phenotypic groups. 214 

 215 

Capsule summary (word count = 34) 216 

Objective tools for quantifying asthma severity are limited. The Asthma Severity Scoring System 217 

(ASSESS) assesses 4 domains of asthma and may be useful for quantifying treatment responses 218 

in research settings. 219 

 220 
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ACQ  Asthma Control Questionnaire 229 

ACT  Asthma Control Test 230 

ASSESS Asthma Severity Scoring System 231 
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AQLQ  Asthma Quality of Life Questionnaire 233 

CASI  Composite Asthma Severity Index 234 
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ICS  Inhaled corticosteroid 239 

LABA  Long-acting beta-agonist 240 

MID  Minimally important difference 241 

ROC  Receiver operating curve 242 

SARP  Severe Asthma Research Program  243 



Introduction 244 

 Asthma severity is a unique construct, independent of asthma control, that encompasses a 245 

range of asthma patients from mild to severe.1,2 Whereas asthma “control” refers to the extent to 246 

which symptoms and other features of asthma are present in patients, asthma “severity” reflects 247 

the level of treatment required to control symptoms and exacerbations.2 Like asthma control, 248 

asthma severity is not a static feature and can change over the course of months or years in 249 

response to seasonal variations, infections and other exposures.3-5 However, while there are 250 

many standardized tools available for the assessment of asthma control in both clinical and 251 

research settings, tools for quantification of asthma severity are not widely available.  252 

The National Institute of Allergy and Infectious Disease-sponsored Inner-City Asthma 253 

Consortium recently developed a Composite Asthma Severity Index (CASI) which quantifies 254 

asthma severity through domains of impairment, risk, and medication requirements, but that tool 255 

was developed in a population of children (and adolescents) and lacks details on systemic 256 

corticosteroids, emerging controller medications such as tiotropium, and biologic therapies that 257 

are currently utilized for the treatment of severe asthma.2 Recognizing that severe asthma is a 258 

multidimensional construct, we aimed to develop a continuous measure of asthma severity for 259 

adolescents and adults that: 1) incorporates fundamental aspects of asthma control, lung function, 260 

current controller medications, and recent exacerbations in the assessment of the construct 261 

without extensive questioning, 2) is sensitive to short-term temporal changes in asthma and its 262 

management, 3) does not require prior knowledge of the patient, and 4) could be utilized by 263 

future investigators as well as clinicians in real-world practice settings. The development, 264 

measurement properties, and validation of this tool, named the “ASthma Severity Scoring 265 

System” (ASSESS), are reviewed below.  266 



Methods 267 

Participants age 12 and older enrolled in Phase 3 of the National Heart, Lung and Blood 268 

Institute’s Severe Asthma Research Program (SARP) between November 2012 and February 269 

2015 with at least one year of follow-up data were included in the analysis (Figure E1). 270 

Eligibility criteria for SARP3 included a physician diagnosis of asthma and either ≥ 12% 271 

reversibility in the forced expiratory volume in one second (FEV1) after bronchodilator 272 

administration or airway hyperresponsiveness to methacholine, evidenced by a provocative 273 

concentration of methacholine ≤ 16 mg/mL. Thirteen participants with FEV1 values below 50% 274 

of predicted who could not undergo methacholine challenge due to concerns for safety were also 275 

enrolled at the discretion of the principal investigator. Current smoking, smoking history >10 276 

pack years if ≥30 years of age or >5 pack years if <30 years of age, premature birth before 35 277 

weeks gestation, and other chronic airway disorders such as aspiration or vocal cord dysfunction 278 

were criteria for exclusion. Permission to proceed with SARP studies was granted by the 279 

Institutional Review Board of each institution and an independent Data Safety and Monitoring 280 

Board.  The study was also registered at ClinicalTrials.gov (NCT01606826). Informed written 281 

consent and assent (if less than 18 years) were obtained from all participants prior to enrollment 282 

in these studies. 283 

 SARP design and procedures. Details of the study design have been reported 284 

previously.6, 7 Participants completed a baseline characterization visit during which systemic 285 

triamcinolone acetonide was administered, a follow-up visit at 18 ± 3 days to assess 286 

triamcinolone response, and follow-up characterization visits at 12, 24 and 36 months (±90 287 

days). Visits were postponed if an asthma exacerbation treated with systemic corticosteroids or a 288 

respiratory infection treated with antibiotics was reported within the preceding four or two 289 



weeks, respectively. Telephone calls were completed every 6 months (±60 days) to assess for 290 

asthma control and healthcare utilization. Exacerbations were defined according to a consensus 291 

report8 as a worsening of asthma necessitating treatment with systemic corticosteroids. Severe 292 

asthma was defined using a modification of the European Respiratory Society (ERS)/American 293 

Thoracic Society (ATS) definition9 that required the presence of: 1) asthma requiring Global 294 

Initiative for Asthma (GINA) step 4-5 treatment with high doses of inhaled corticosteroids (ICS) 295 

and other controller medications, or 2) systemic corticosteroid treatment for ≥50% of the 296 

previous year to achieve or maintain asthma control. Management by an asthma specialist was 297 

not a criterion for severe asthma in SARP3. Other SARP3 characterization procedures including 298 

assignment of participants to 5 phenotypic asthma clusters previously identified in Phase 1 and 299 

Phase 2 of SARP10 are detailed in the online repository. 300 

Tool development. ASSESS is an adaptation of the CASI,11 which was developed using 301 

the Delphi method and tested with data from children enrolled in a clinical trials network (Table 302 

1). Details of the ASSESS tool development are provided in the online repository and in Tables 303 

E1-E3 and Figure E2.  304 

Scale properties of the Asthma Severity Scoring System. Internal consistency of the 305 

ASSESS tool was evaluated with Cronbach’s alpha. Test-retest reliability was evaluated with 306 

intraclass correlation using two-way random models with the following format:  307 

(Mean squarerows – Mean squareerror)/Mean squarerows , 308 

which is the preferred approach for evaluation of rater-based clinical assessments that are 309 

designed for routine use by any clinician.12 Given that there is no available gold-standard 310 

measure for asthma severity in adults, validity could not be determined with traditional 311 

approaches. Instead, baseline ASSESS scores were compared in participants treated with ICS 312 



who reported 3 or more exacerbations in the previous 12 months, and participants with a 313 

hospitalization or intensive care unit admission in the previous year using t-tests. ASSESS scores 314 

were also compared in participants who did and did not satisfy the modified dichotomous 315 

ERS/ATS definition of severe asthma using Point-Biserial correlation analysis.  316 

Responsiveness of the Asthma Severity Scoring System. Changes in ASSESS scores 317 

were compared to changes in Asthma Control Test (ACT) score, absolute change in FEV1 318 

percent predicted value (calculated as FEV1 % predictedfollow-up visit - FEV1 % predictedprior visit), 319 

and the change in the number of asthma controller medications using Pearson correlational 320 

analyses. Responsiveness of the ASSESS tool to changes in the Asthma Quality of Life 321 

Questionnaire (AQLQ) total score and individual AQLQ domains (symptoms, activities, 322 

emotions, environment) was assessed using Pearson correlational analyses. For comparison 323 

purposes, the ability of the modified dichotomous ERS/ATS definition of severe asthma to 324 

discriminate these same outcomes was also assessed with t-tests.  325 

Mean changes and Minimal Important Difference. Mean changes in ASSESS scores 326 

were further calculated for groups of participants meeting pre-specified cut-points as follows: 1) 327 

ACT score, 3 point increase13;  2) FEV1 absolute change, 10% increase;7, 14, 15 3) controller 328 

medications, 2 medication decrease; and 4) AQLQ, 0.5 point increase.16 Mean differences 329 

between groups were compared with t-tests.  330 

The Minimal Important Difference (MID) of the ASSESS tool was determined at 331 

baseline and 12, 24 and 36 months with a distribution-based approach, which utilizes the 332 

statistical properties of the scale.17 Data from each corresponding time point were used to 333 

determine the standard deviation (SD) and standard error of measurement (SEM). The MID was 334 

defined by both 0.5*SD18 and 1*SEM.19 The SEM was calculated as follows: 335 



��� = �������� 	× 	�1 − ����������������� , 336 

Where reliability corresponds to the Cronbach α value. To aid in clinical interpretation of MID 337 

results, receiver operating characteristic (ROC) analyses were performed with one-year 338 

differences in ASSESS scores as the predictor and outcomes of asthma improvement (≥1 fewer 339 

exacerbations, ≥1 fewer controller medications, ≥0.5 point increase in AQLQ16) and asthma 340 

worsening (≥1 more exacerbation, ≥1 more controller medication, ≥0.5 point decrease in 341 

AQLQ16, hospitalization). Analyses were performed in a merged dataset of repeated measures 342 

from 12, 24 and 36 months (N=1686 observations).  343 

External replication. External replication was performed on a sample of 100 participants 344 

age ≥12 years enrolled in phase 1 and 2 of SARP program between 2003 and 2010 with baseline 345 

and 6 month follow-up data. None of these participants were enrolled in SARP3. Methods for 346 

participant characterization in the SARP 1 and 2 program have been published previously.20  347 

Utility for detection of treatment response. Utility of the ASSESS tool in detecting 348 

treatment responses was assessed in participants in SARP3 who underwent corticosteroid 349 

response testing with intramuscular triamcinolone. Changes in Asthma Control Questionnaire 350 

(ACQ) scores and FEV1 % predicted values before and after triamcinolone receipt were 351 

compared in participants with a ≥2 point improvement (i.e., decrease) on the ASSESS tool 352 

versus participants with ≤2 point improvement. Exploratory analyses also compared ASSESS 353 

scores in participants in whom biologic therapy was initiated or discontinued. 354 

Data analysis. Data were analyzed with IBM SPSS Statistics (Version 24.0). For all 355 

analyses, an alpha level of 0.05 was considered the threshold for statistical significance. Given 356 

the exploratory nature of the analyses, no adjustments were made for multiple comparisons.  357 



Results 358 

Five hundred ninety eight participants were initially selected for inclusion; however, 562 359 

participants provided at least 12 months of follow up data and were included in the analysis. 360 

Features of these participants are shown in Table 2. 361 

ASSESS score distribution. In the total sample of SARP3 participants, ASSESS scores 362 

ranged from 0 to 20 (mean ± standard deviation, 8.78 ± 3.98; 95% confidence interval (CI) for 363 

the mean, 8.45 – 9.11). Responses to the individual items of the ASSESS tool were varied, but 364 

some clustering was noted in the pattern of responses (Figure E3). For example, one group of 365 

participants with high ASSESS scores had poor asthma control yet normal lung function and few 366 

exacerbations, whereas another group of participants with high ASSESS scores had poor asthma 367 

control with significant airflow obstruction and frequent exacerbations, consistent with the 368 

heterogeneity of asthma previously reported in the SARP3 program.21   369 

The distribution of ASSESS scores according to the modified dichotomous ERS/ATS 370 

definition of severe asthma and SARP Phase 1 and 2 phenotypic cluster assignment (Cluster 1: 371 

well controlled early-onset atopic asthma; Cluster 2: early-onset atopic asthma with increased 372 

medication requirements; Cluster 3: late-onset, non-atopic obese asthma with moderately 373 

reduced lung function and frequent exacerbations; Cluster 4: severe airflow obstruction with 374 

bronchodilator reversibility and frequent exacerbations despite multiple controller medications; 375 

Cluster 5: severe airflow obstruction with less bronchodilator reversibility and frequent 376 

exacerbations despite multiple controller medications) is shown in Figure 1. There were no 377 

significant differences in ASSESS scores between adolescents 12-17 years (8.1 ± 3.4) and adults 378 

≥18 years (8.9 ± 4.0).  379 



Reliability measures. Given the multi-dimensional (versus unidimensional) nature of the 380 

ASSESS tool, internal consistency of the item questions was expected to be less than 0.7.22 The 381 

Cronbach α value was 0.639 for the entire sample, 0.468 for adolescents 12-17 years, and 0.662 382 

for adults ≥18 years, which reflects an expected lack of concordance between symptoms, lung 383 

function, medication use and exacerbations in all asthma patients. However, the intraclass 384 

correlation coefficients between baseline and 12 months, 12-24 months, and 24-36 months were 385 

0.764, 0.768, and 0.813 for the entire sample, respectively (Figure E4) and suggested “good” 386 

test-retest reliability according to the conventions of Koo et al.12 Intraclass correlation 387 

coefficients were also similar between age groups (age 12-17: 0.717, 0.841, 0.732; age ≥18 388 

years: 0.768, 0.766, 0.816). Therefore, further analyses were not stratified by age. 389 

Construct validity. At baseline, ASSESS scores were higher in participants who 390 

reported 3 or more exacerbations, hospitalization or intensive care unit admission for asthma in 391 

the previous 12 months (Figure 2). Agreement between ASSESS scores and the modified 392 

dichotomous ERS/ATS definition of severe asthma was 0.639 at baseline and 0.635, 0.533, and 393 

0.532 at 12, 24, and 36 months, respectively.  394 

Responsiveness. By design, the ASSESS tool was sensitive to changes in ACT score, 395 

FEV1 % predicted, and the number of asthma controller medications between 0-12 months, 12-396 

24 months, and 24-36 months (Figure E5). The ASSESS tool was also responsive to changes in 397 

the AQLQ score (total score and each domain), as shown in Figure 3. In contrast, the modified 398 

dichotomous ERS/ATS definition of severe asthma (also assessed at baseline, 12 months and 24 399 

months) did not discriminate changes in these same outcomes (Figure E6).  400 

Mean differences and Minimal Important Difference. Mean differences in ASSESS 401 

scores between pre-specified participant groups are shown in Table 3 and were approximately 2 402 



overall. Calculation of the ASSESS MID, defined as the smallest difference in the ASSESS score 403 

that represents a meaningful change, produced an MID of approximately 2 using a distribution-404 

based approach (for the 0.5*SD calculation, range 1.83-1.96; for the 1*SEM calculation, range 405 

2.39 – 2.56) (Table E4). Clinical interpretation of the calculated ASSESS score MID was further 406 

guided by ROC analyses with ASSESS scores as the predictor and outcomes of asthma 407 

improvement and worsening reflected by changes in the number of exacerbations, number of 408 

controller medications, and AQLQ score and hospitalization occurrence. A MID of 2 had high 409 

specificity for outcome detection (80.3 – 85.5% for asthma improvement and 88.0 – 91.4% for 410 

asthma worsening), but poor sensitivity (45.8 – 46.5% and 30.0 – 37.3% for improvement and 411 

worsening, respectively) (Table E5). A MID of 1 increased sensitivity for asthma improvement 412 

(~62%), but only marginally increased sensitivity for asthma worsening (~46%).  413 

External replication. Features of the external replication sample are shown in Table E6 414 

and were similar to those of participants in SARP3. Mean ASSESS scores at baseline and the 415 

follow-up visit were 8.04 ± 4.61 (95% CI, 6.63 – 8.36) and 7.00 ± 4.42 (95% CI, 5.54 – 7.12). 416 

Changes in ASSESS scores were also linearly associated with changes in AQLQ scores (Figure 417 

4A-E). Patients who achieved a clinically meaningful improvement in quality of life (≥0.5 point 418 

improvement) also had significant reductions in ASSESS score, although not all participants met 419 

the MID of 2 for the ASSESS instrument (Figure 4F-J).   420 

Utility for detection of treatment response. Overall, ASSESS scores were significantly 421 

lower after the triamcinolone intervention (p < 0.001, Figure 5A). Participants with ≥2 point 422 

improvement (i.e., decrease) in ASSESS scores after triamcinolone also had greater mean 423 

improvements in FEV1 % predicted and ACQ scores at 18 ± 3 days after triamcinolone 424 

administration (Figure 5B-D). However, these differences were limited to participants with a 425 



modified dichotomous ERS/ATS definition of severe asthma (Figure E7, Table E7) and 426 

participants assigned to phenotypic clusters 3, 4 and 5 (Figure E8). Further exploratory analyses 427 

of patients with severe asthma in whom biologic therapy was initiated (N = 22) also 428 

demonstrated higher baseline ASSESS scores than severe patients not treated with biologics and 429 

improvement by approximately 2 points (-1.95 ± 3.27) after biologic initiation (Figure E9). 430 

 431 

Discussion 432 

Objective measures of asthma severity are limited, despite the emphasis of asthma 433 

severity by treatment guidelines for over a decade.2, 23 The relative explosion of new product 434 

development for asthma in recent years now necessitates objective measures for distinguishing 435 

patients who might benefit from new treatments such as biologics as well as patients who do not 436 

respond to those therapies.24 Advantages of objective versus subjective patient assessments are 437 

clearly demonstrated in the asthma literature. For example, other studies of asthma control and 438 

asthma functional status have shown that concordance between objective and judgment-based 439 

assessments is often poor and may even worsen in patients receiving higher Step-based 440 

therapy.25-28 Asthma severity determination is also discordant between physicians in both 441 

primary care29 and specialist30 settings. Objective measures such as ASSESS have potential to 442 

mitigate the rising costs of asthma severity both in the United States31, 32 and elsewhere33, 34 443 

through comprehensive assessment of treatment responses and ultimately, elimination of 444 

unnecessary treatments in patients who do not benefit. 445 

ASSESS was developed in response to the unmet need for a severity scoring system in 446 

adolescent and adult patients with asthma.35 Despite the multidimensional nature of the ASSESS 447 

tool, it has acceptable measurement properties including test-retest reliability and responsiveness 448 



to changes in asthma-related quality of life in heterogeneous asthma populations. Our 449 

exploratory analyses also suggest that a reduction (i.e., improvement) of ASSESS scores by at 450 

least 2 points may also aid with quantification of response to severe asthma treatments in 451 

individual patients and in some phenotypic subgroups. While single outcome variables (such as 452 

FEV1 or exacerbation rate) have been used previously in many clinical trials, such narrowly 453 

focused analyses may miss the complexity of this disease manifestation and the effects of 454 

selected outcome variables on each other. We feel that ASSESS can overcome the limitation of 455 

single response variable by offering an integrated numerical score that is sensitive to changes in 456 

individual patients. The ASSESS tool is also the first to include biologics and anticholinergics in 457 

the assignment of medication treatment step. 458 

Other tools have been proposed for determining asthma severity, but these have 459 

limitations in adult asthma populations. The CASI tool was derived from a population of 460 

children enrolled in clinical trials11 and the distribution of its components (i.e., lung function 461 

measures) differ in adults. The CASI tool also does not address medications that are commonly 462 

used in adult asthma populations.11 A separate continuous score of asthma severity developed for 463 

adults has also been proposed for epidemiological studies,36 but this score does not adequately 464 

capture the constructs of severity as recognized by treatment guidelines and focuses only on 465 

symptom frequency and pharmacologic treatment. The coding of the variables in that study (i.e., 466 

“yes” or “no” for most symptoms and “none,” “GINA step 1,” or “≥GINA step 2” for 467 

medications) also does not distinguish more severe patients with multiple controller 468 

medications.36 469 

Nonetheless, there are limitations to our approach. Most importantly, there is no gold 470 

standard measure of asthma severity for the purpose of comparison. We instead evaluated 471 



performance of the ASSESS score against its own component parts, so it is not surprising that 472 

associations were seen. We also were unable to directly compare ASSESS scores to CASI 473 

scores. The CASI tool requires that daytime and nighttime symptoms be assessed by self-report 474 

using a 2-week recall period prior to the patient encounter, and this information was not available 475 

in SARP. However, given the extensive utilization of the ACT tool in clinical practices across 476 

the world, our intent was to develop a tool that could utilize information captured by the ACT. 477 

An advantage of this approach is that the ACT tool uses a 4-week recall period and collects 478 

symptom information as well as information on self-rated asthma control and impact of asthma 479 

on functioning. Nonetheless, it is also recognized that despite the 4-week recall window, ACT 480 

scores may more strongly reflect symptoms in the immediate 2 weeks.37 We were also limited in 481 

our assessment of exacerbation rates at the baseline visit, which impacted tool development, and 482 

assessment of treatment responsiveness given the design of the SARP3 study. For example, post-483 

triamcinolone ASSESS scores were calculated from data obtained at the 6-month phone call, 484 

with the exception of FEV1, which was obtained at the post-triamcinolone follow-up visit 18 ± 3 485 

days after triamcinolone administration. This long interval between triamcinolone administration 486 

and follow-up may not have been optimal for detection of asthma control responses. Indeed, 487 

other studies have shown that peak symptom effects with systemic triamcinolone are evident at 488 

7-10 days.38  489 

Although the Cronbach alpha value associated with the ASSESS tool are lower than 490 

those associated with other tools, asthma “severity” is not a unidimensional construct and 491 

therefore struct cut-points of 0.70 for “acceptability” are not appropriate. Indeed, Brunner et al.22 492 

argue that is worth re-thinking recommended benchmark values for Cronbach alpha in the 493 

context of multi-dimensional measures, because scale scores below these values may still contain 494 



valuable information and may still have predictive power. That fact that the Cronbach alpha was 495 

less than 0.7 was therefore expected and reflects a lack of concordance between symptoms, lung 496 

function, medication use and exacerbations in all patients.  497 

The ASSESS score also does not take into account medication adherence and could be 498 

limited if prescribing practices are not aligned with treatment recommendations. Indeed, over-499 

prescription of systemic corticosteroids and under-prescription (or under-utilization) of ICS and 500 

other asthma controller medications have been reported in the literature and may be particularly 501 

problematic in certain patient populations.39-41 The ASSESS tool also focuses on current 502 

medications and does not account for treatment duration or the timing of medication initiation 503 

(for example, the previous week or 12 months earlier).  Generalization to other asthma 504 

populations is also cautioned since the ethnic distribution of the SARP3 population was limited 505 

and participant recruitment occurred predominately at large academic medical centers across the 506 

United States.  507 

The lack of a gold standard measure of asthma severity also poses a challenge for 508 

calculation of the MID of the ASSESS tool. The two broad methods of estimating MID, the 509 

distribution method and the anchor-based methods, are conceptually different.17 Whereas the 510 

distribution method uses the statistical properties of the score distribution, the anchor-based 511 

method uses a direct response from the patient on another tool that measures the same construct 512 

to evaluate the meaning of a particular degree of change.17 Anchor-based methods often yield 513 

more conservative estimates of MID compared with the distribution method42 and thus the 514 

clinical meaningfulness of our calculated MID should be interpreted with caution until further 515 

studies are performed. We did compare changes in ASSESS scores to changes in patient-reported 516 

quality of life, and found the ASSESS tool to be responsive in this regard. Patients achieving a 517 



MID of 0.5 point improvement16 on the AQLQ instrument also had improvement (i.e., decrease) 518 

of ~2 points on the ASSESS tool, which was similar to our calculated MID value of ~2. The 519 

specificity of a 2-point MID was also good, but the sensitivity for outcome detection (either 520 

asthma improvement or asthma worsening) was poor. Although a separate analysis of the CASI 521 

tool found that a MID of 1 point or greater may be appropriate for future studies,43 a one-point 522 

change in ASSESS could occur spuriously (for example, from a 1-point increase in FEV1 from 523 

69 to 70% predicted, or a 1-point increase in ACT score from 10 to 11) and have little clinical 524 

meaningfulness. Recognizing that asthma severity is a multi-dimensional construct and not a 525 

unidimensional measure, an MID of 2 for ASSESS is also more likely to capture changes in 526 

more than one severity dimension.   527 

Despite these limitations, there are a number of strengths. A major strength of the present 528 

study is the comprehensive characterization of enrolled participants and enrichment of the study 529 

population with severe asthma as defined by ERS/ATS criteria, which has a prevalence rate of 530 

less than 5% in the entire asthma population.44 Another strength is the availability of longitudinal 531 

data of the majority of the participants, allowing for testing this tool in the same group of 532 

subjects over time. The multi-center design of SARP is another strength since asthma features 533 

and related outcomes can be subject to wide geographic variability.45, 46 The SARP study also 534 

utilized crude measures of socioeconomic status such as education and income and had adequate 535 

representation across socioeconomic brackets. 536 

In conclusion, the ASSESS tool, which assesses 4 domains of asthma severity, has 537 

acceptable measurement properties and is responsive to changes in asthma quality of life with a 538 

MID of approximately 2. ASSESS explains significant variance in selected asthma outcomes and 539 

may be useful in epidemiologic and research studies to quantify treatment response in individual 540 



patients and in phenotypic subgroups. However, additional validation studies are needed. We 541 

caution against the use of ASSESS in clinical practice until such studies are undertaken, to avoid 542 

inappropriate changes in asthma treatment.  543 
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Table 1. Asthma Severity Scoring System (ASSESS) for age 12 and older. 548 
 549 

Original CASI tool (reference11) ASSESS tool 
Dimension of severity (weight) Dimension of severity (weight) 

Days with symptoms and albuterol in the last 2 weeks (15%) ACT composite score (30%) 
0 – 3 days 
4 – 9 days 
10 – 13 days 
14 days  

___ 0 points 
___ 1 point 
___ 2 points 
___ 3 points 
 

     ACT score 23-25 
     ACT score 20-22  
     ACT score 17-19 
     ACT score 14-16 
     ACT score 11-13 
     ACT score 8-10 
     ACT score 5-7 
 

___ 0 points 
___ 1 point 
___ 2 points 
___ 3 points 
___ 4 points 
___ 5 points 
___ 6 points 
 

Nights with symptoms and albuterol in the last 2 weeks (15%) 
0 – 1 nights 
2 nights  
3 – 4 nights 
5 – 14 nights 
 

___ 0 points 
___ 1 point 
___ 2 points 
___ 3 points 
 

Current pre-bronchodilator lung function (15%) Current pre-bronchodilator lung function (15%) 
FEV1 ≥85% predicted 
FEV1 =80-84% predicted  
FEV1 =70-79% predicted  
FEV1 <70% predicted  

___ 0 points 
___ 1 point 
___ 2 points 
___ 3 points 
 

FEV1 ≥80% predicted  
FEV1 =70-80% predicted  
FEV1 =60-70% predicted  
FEV1 <60% predicted 

___ 0 points 
___ 1 point 
___ 2 points 
___ 3 points 
 

Current medications (25%) Current medications (25%) 
  Controller medications: 

No treatment 
Albuterol  
Low-dose ICS (or LTRA) 
Low-dose ICS + LABA 

Medium-dose ICS + LABA 
High-dose ICS 

 
___ 0 points 
___ 1 point 
___ 2 points 
___ 3 points 
___ 4 points 
___ 5 points 
 

  Controller medications: 
No treatment 
Step 1: Albuterol only 
Step 2: Low-dose ICS only 

or LTRA only 
Step 3: Low-dose ICS plus 1 or more controllers 

or medium-dose ICS only 
or high-dose ICS only 

Step 4: Medium-dose ICS + 1 or more controllers 
or high-dose ICS + 1 or more controllers 

 
___ 0 points 
___ 1 point 
___ 2 points 
 
___ 3 points 
 
 
___ 4 points 
 



Step 5: High-dose ICS + 2 or more controllers 
 
  Other medications:  
     Daily or alternative-day oral corticosteroids 

or monthly corticosteroid injections 
     Current biologic  
 

___ 5 points 
 
 
___ 1 point 
 
___ 1 point 
 

Asthma exacerbations (last 2 months) Asthma exacerbations (last 6 months)1 

Prednisone burst 
Prednisone burst + hospitalization 

___ 2 points 
___ 4 points 
 

Prednisone burst 
Prednisone burst + hospitalization 

___ 2 points 
___ 4 points 
 

Maximum possible score 18 Maximum possible score 20 
 550 
ACT = Asthma Control Test, CASI = Composite Asthma Severity Index, ICS = Inhaled corticosteroid, LABA = Long-acting-beta 551 
agonist, LTRA = leukotriene receptor antagonist 552 
 553 
1 For the baseline SARP visit, exacerbations were assessed over the preceding 12 months. Follow-up SARP visits (at 12, 24 and 36 554 

months) assessed exacerbations over the preceding 6 months 555 

  556 



Table 2. Features of the participants, shown as mean ± SEM or number of participants (%). 

Groups are not significantly different. 

Feature 
 

N = 562 

Age (years) 
   Age < 18 years 
   Age ≥ 18 years 
 

44.1 ± 0.7 
65 (11.6) 
497 (88.4) 

Asthma duration (years) 
 

28.5 ± 0.7 

Male 
 

202 (35.9) 

Hispanic ethnicity 
 

24 (4.3) 

Race 
   White 
   Black 
   More than one race 
   Other 
 

 
350 (62.3) 
142 (25.3) 
49 (8.7) 
21 (3.7) 

Severe asthma (modified dichotomous 
ERS/ATS definition) 
 

328 (58.4) 

Highest household educational attainment 
   Did not complete high school 
   High school diploma 
   Some college or technical training 
   Associate degree 
   Bachelor’s degree  
   Decline to answer 
 

 
10 (1.8) 
57 (10.1) 
115 (20.5) 
87 (15.5) 
289 (51.4) 

4 (0.7) 

Highest annual household income 
   Less than $25,000 
   $25,000 to $49,999 
   $50,000 to $99,999 
   $100,000 or more 
   Decline to answer 
 

 
104 (18.5) 
114 (20.3) 
159 (28.3) 
109 (19.4) 
76 (13.5) 

Saw an asthma specialist (previous year)1 

 
306 (54.4) 

Asthma healthcare utilization (previous year) 
   Unscheduled physician visit 
   Emergency department 
   Hospitalization 

 
250 (44.5) 
143 (25.4) 
70 (12.5) 



 
Intubation for asthma (ever in lifetime) 
 

35 (6.2) 

Daily asthma medications 
   Inhaled corticosteroid 
   Long-acting beta-agonist 
   Long-acting anti-muscarinic 
   Leukotriene receptor antagonist 
   Theophylline 
   Systemic corticosteroids 
   Biologic 
 

 
489 (87.0) 
439 (78.1) 
52 (9.3) 

226 (40.2) 
23 (4.1) 
91 (16.2) 
43 (7.7) 

Asthma Control Test Score 
   23-25 
   20-22 
   17-19 
   14-16 
   11-13 
   8-10 
   5-7 
 

17.2 ± 0.2 
66 (11.8) 
153 (27.3) 
116 (20.7) 
98 (17.5) 
65 (11.6) 
42 (7.5) 
20 (3.6) 

Baseline lung function (% predicted value) 
   FVC 
   FEV1 
    

 
86.7 ± 0.8 
74.2 ± 0.9 

 
 
1 Severe asthma (modified dichotomous ERS/ATS definition), n = 236 (72.0%), non-severe 
asthma, n = 70 (29.9%)  



Table 3. Mean difference in ASSESS scores between visits. Negative values indicate a lower ASSESS score at the follow up visit. 
 
Interval 
 

Asthma outcome n (%) with 
outcome 

Change in ASSESS score Mean difference in 
ASSESS score  

(95% CI) 

p-value 
Participants 

without outcome  
mean (SD) 

Participants  
with outcome  
mean (SD) 

Baseline – 
12 months 

ACT score, ≥3 point increase 
 

169 (28.3) -0.20 ± 2.23 -3.15 ± 2.34 -2.95 (-3.36, -2.54) < 0.001 

FEV1, ≥10% absolute increase  
 

84 (15.1) -0.77 ± 2.49 -2.86 ± 2.77 -2.08 (-2.67, -1.50) < 0.001 

Medication, decrease of ≥2  
 

35 (6.3) -0.90 ± 2.50 -3.80 ± 3.11 -2.90 (-3.77, -2.02) < 0.001 

AQLQ score, ≥0.5 point increase 
 

159 (26.6) -0.44 ± 2.36 -2.73 ± 2.62 -2.29 (-2.74, -1.84) < 0.001 

12-24 
months 

ACT score, ≥3 point increase 
 

111 (18.6) 0.41 ± 2.12 -2.46 ± 2.72 -2.88 (-3.35, -2.40) < 0.001 

FEV1, ≥10% absolute increase 
 

60 (11.8) -0.01 ± 2.45 -1.72 ± 2.79 -1.71 (-2.38, -1.04) < 0.001 

Medication, decrease of ≥2 
 

5 (1.0) -0.17 ± 2.52 -4.00 ± 3.16 -3.82 (-6.06, -1.60)  0.001 

AQLQ score, ≥0.5 point increase 
 

117 (19.6) 0.21 ± 2.30 -1.62 ± 2.85 -1.83 (-2.33, -1.32)  < 0.001 

24-36 
months 

ACT score, ≥3 point increase 
 

97 (16.2) 0.21 ± 2.00 -2.25 ± 2.17 -2.46 (-2.92, -2.00) < 0.001 

FEV1, ≥10% absolute increase  
 

59 (12.7) -0.02 ± 2.08 -2.18 ± 2.60 -2.16 (-2.75, -1.57) < 0.001 

Medication, decrease of ≥2 
 

11 (2.3) -0.27 ± 2.23 -1.45 ± 3.35 -1.18 (-2.53, 0.17) 0.087 

AQLQ score, ≥0.5 point increase 
 

101 (16.9) 0.12 ± 2.12 -1.48 ± 2.41 -1.50 (-1.98, -1.01) < 0.001 

 



Figure Legends 

 

Figure 1. (word count = 47) 

Distribution of baseline and longitudinal Asthma Severity Scoring System (ASSESS) scores in 

all participants, participants according to the modified dichotomous European Respiratory 

Society/American Thoracic Society definition of severe asthma, and participants according to 

phenotypic cluster assignment. Data in panels A and B reflect the mean ± SEM.  

 

Figure 2. (word count = 33) 

Asthma Severity Scoring System (ASSESS) scores in participants with 3 or more exacerbations 

hospitalization, or intensive care unit admission in the previous year. Boxplot whiskers 

correspond to the 5th and 95th percentiles. **p<0.001 

 

Figure 3. (word count = 35) 

Responsiveness of the Asthma Severity Scoring System (ASSESS) score to changes in the 

Asthma Quality of Life Questionnaire (AQLQ) score between baseline and 12 months, 12 and 24 

months, and 24 and 36 months. *p<0.001 

 

Figure 4. (word count = 59) 

Associations between changes in Asthma Severity Scoring System (ASSESS) and Asthma 

Quality of Life Questionnaire (AQLQ) scores in the replication cohort. Figures on the right are 

stratified by changes in AQLQ scores. Boxplot whiskers and dashed lines correspond to the 5th 



and 95th percentiles and the minimal important difference of -2  for ASSESS improvement. *p < 

0.05, **p<0.01 

 

Figure 5. (word count = 60) 

Radar plots depicting changes in individual domains of the Asthma Severity Scoring System 

(ASSESS) at baseline and after intramuscular triamcinolone. Spikes correspond to individual 

participants responses. Panels B-D depict changes (mean ± SEM) in FEV1, ACQ7, and ACQ6 

scores after triamcinolone in participants in whom ASSESS scores improved (≥2 point decrease), 

did not change, and worsened (≥2 point increase). **p<0.01 
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Methods 

SARP3 recruitment procedures. The Severe Asthma Research Program (SARP) cohort 

was assembled in response to a National Institutes of Health mandate (RFA HL-11-018, June 11, 

2010) requesting applications for clinical centers of establish a severe asthma research program 

that outlined specific recruiting methods. Clinical partnerships and a Data Coordinating Center 

were named and a broad recruiting process was initiated targeting a sample enriched in severe 

asthma (60%) and including 30% minorities, 50% women, and 25% children. Study coordinators 

at each clinical site screened potential enrollees with both severe and non-severe asthma by 

various methods including program notices on the ClinicalTrials.gov web site, data queries of 

patients with asthma receiving care at the respective clinical sites, research databases of patients 

available for clinical trials, social media, advertisement in local media, and archives of 

participants who had previously participated in research studies. 

SARP3 participant characterization methods. Medical history questionnaires assessed 

self-reported healthcare utilization, medications, and demographic features and exposures such 

as tobacco smoke. Severe asthma was defined using a modification of the European Respiratory 

Society (ERS) and American Thoracic Society (ATS).1 Asthma control over the past 4 weeks 

was assessed with the Asthma Control Test (ACT).2, 3 Global asthma-related quality of life over 

the preceding two weeks was assessed with the Asthma Quality of Life Questionnaire (AQLQ).4 

Spirometry (KoKo® PDS, Ferraris, Louisville, CO, donated by nSpire Health, Longmont, CO) 

was performed according to technical standards5 with centralized over-reading for accuracy. 

Participants withheld short-acting and long-acting bronchodilator medication for a minimum of 4 

or 12 hours, respectively. Forced vital capacity (FVC), and forced expiratory volume in one 



second (FEV1) were interpreted according to Global Lung Function Initiative population 

reference equations6 and expressed as a percentage of the predicted value. 

Triamcinolone response testing. At the end of the baseline characterization visits, 

participants received a single dose of intramuscular triamcinolone (40 mg for age ≥18 and 1 

mg/kg up to 40 mg maximum for age ≤17) administered deep in the gluteal muscle. 

Triamcinolone response was assessed at a follow-up visit (18 ±3 days) where spirometry was 

repeated. Asthma control over the past week was also assessed prior to and following receipt of 

intramuscular triamcinolone with the 6- and 7-item Asthma Control Questionnaire (ACQ).7, 8 

Asthma phenotypic cluster assignment. At the baseline visit, participants in SARP3 

were assigned to 5 phenotypic asthma clusters previously identified in Phase 1 and Phase 2 of 

SARP: Cluster 1, early-onset atopic asthma with normal lung function and few controller 

mediations; Cluster 2, early-onset atopic asthma with preserved lung function but increased 

medication requirements; Cluster 3, late-onset, non-atopic obese asthma with moderate 

reductions in FEV1 and frequent exacerbations; Cluster 4, severe airflow obstruction with 

bronchodilator reversibility and frequent exacerbations despite multiple controller medications; 

and Cluster 5, severe airflow obstruction with less bronchodilator reversibility and frequent 

exacerbations despite multiple controller medications.9 Phenotypic cluster assignment was 

accomplished by adding one additional participant to the original dataset of N=726 participants 

in SARP Phase 1 and Phase 2, and then repeating the Ward's minimum-variance hierarchical 

clustering method with Ward's linkage on 11 of the strongest discriminatory variables for cluster 

assignment in the previous report, to minimize the within-cluster sum of squares or to maximize 

the between-cluster sum of squares.9 The 11 variables used for cluster assignment included  pre-

bronchodilator FEV1 (% predicted) and FVC (% predicted), absolute change in FEV1 % 



predicted value after bronchodilator administration, age of asthma onset, asthma duration, sex, 

frequency of beta-agonist use, and dose of inhaled corticosteroids. 

Tool development. Scoring for each dimension of the ASthma Severity Scoring System 

(ASSESS) tool was based on consensus of a working group of SARP3 investigators with 

expertise in pulmonary/critical care medicine (L.C.D., W.C.M., N.N.J.), physiology (R.L.S.), 

nursing (A.M.F), and biostatistics (D.T.M., B.R.P.) Three external experts in 

allergy/immunology familiar with the CASI (S.J.S., P.J.G., W.W.B.) also provided input on the 

tool development. For the medication dimension, participants were assigned to a treatment step 

developed by consensus, based on the 2018 Global Initiative for Asthma (GINA) treatment 

guidelines (Table E1).10 Thresholds for low, medium and high-dose ICS treatment were adapted 

from the GINA guidelines for estimated clinical comparability of drug products, with minor 

modification for United States formulations (Table E2).  

Two versions of the ASSESS tool were compared. The first version contained separate 

dimensions for daytime symptoms (weighted at 15%) and nighttime symptoms (weighted at 

15%) over the previous 4 weeks. The second version replaced the daytime and nighttime 

symptom dimensions with the total ACT score (weighted at 30%). Strong agreement was noted 

between versions (r = 0.980), but measurement properties were enhanced with the ACT score 

modification (inter-item correlation range for daytime and nighttime symptoms, 0.190 – 0.511; 

for ACT score, 0.591 – 0.737) (Table E3). Therefore, the modification with total ACT score was 

retained for further testing. Principal components analysis of the four dimensions of the retained 

ASSESS tool identified two components that explained 69.4% of the total variance. The first 

component contained medications (i.e., Treatment Step), exacerbations and ACT score 



(component loadings: 0.749, 0.724, and 0.712, respectively) and the second component 

contained FEV1 % predicted (component loading: 0.776) (Figure E1).  

 Visualization of ASSESS item-response clustering. Visualization of responses to 

individual items of the ASSESS tool was accomplished with a clustered heat map (i.e., double 

dendogram) depicting hierarchical clustering in two directions, by ASSESS item response and 

patient (NCSS software, version 12). Item responses were transformed to a 0-1 range to 

eliminate imbalances between individual item scoring and weighting. 

Utility of ASSESS for detection of treatment response. Post-triamcinolone ASSESS 

scores were calculated from data obtained at the 6-month phone call, with the exception of FEV1, 

which was obtained at the post-triamcinolone follow-up visit 18 ± 3 days after triamcinolone 

administration. Participants with a ≥2 point improvement (i.e., decrease) on the ASSESS tool 

were compared to participants with no change and participants with ≥2 point worsening (i.e., 

increase) on the ASSESS tool for the following outcomes: 1) absolute change in FEV1 

%predicted value, 2) change in ACQ-6 score, and 3) ACQ-7 between baseline and the post-

triamcinolone visit at 18 ± 3 days. 

  



Table E1. Stepwise approach to asthma treatment, developed from consensus opinion of the 

SARP investigators. Modifications are shown as footnotes. 

 Preferred controller (Daily 
treatment)1 

 

Other controller options 

Step 1 N/A2 

 
N/A 

Step 2 Low-dose ICS LTRA 
Theophylline 
 

Step 3 Low-dose ICS + LABA Medium or high-dose ICS 

Low-dose ICS + LTRA 
Low-dose ICS + Theophylline  
Low-dose ICS + LABA + LTRA 

 
Step 4 Medium or high dose ICS + LABA Add tiotropium 

Medium or high-dose ICS + LTRA 
Medium or high-dose ICS + Theophylline 
Medium-dose ICS + LAMA 

Medium-dose ICS + LABA + LTRA 

Medium-dose ICS + LABA + LAMA 

Medium-dose ICS + LABA + LAMA + LTRA 

High-dose ICS + LAMA3 

High-dose ICS + LTRA3 

 

Step 5 High dose ICS + LABA + add-on 
treatment (i.e., tiotropium) 
 

Add low-dose oral corticosteroids 
High-dose ICS + LAMA + LTRA 

 
 
1 For participants using ICS as needed, ICS use ≥21 days/month was considered daily ICS use. 
 
2 As-needed ICS without LTRA considered Step 1 
 
 
  



Table E2. Inhaled corticosteroid dose thresholds (for age 12 and older) used for treatment step 

assignment. Thresholds were developed from consensus opinion of the SARP investigators. 

Modifications are shown as footnotes. Values represent estimated clinical comparability and are 

not necessarily bioequivalent. 

 
 ICS dose threshold1 

 
 Low Medium 

 
High 

Beclomethasone diproprionate (HFA) 
 

100-200 > 200-400 > 400 

Budesonide (DPI) 
 

200-400 > 400-800 > 800 

Budesonide (nebules) 

 
1000 2000 4000 

Budesonide (HFA) 

 
80 up to 320 320 up to 640 ≥ 640 

Ciclesonide (HFA) 
 

80-160 > 160-320 > 320 

Fluticasone furoate (DPI) 
 

100 N/A 200 

Fluticasone propionate (DPI) 
 

100-250 > 250-500 > 500 

Fluticasone propionate (HFA)  
 

100-250 > 250-500 > 500 

Mometasone furoate (DPI or HFA) 110-220 > 220-440 > 440 
 

 

 
1 For participants with two ICS products, ICS dose threshold assignments were made as follows:  

Low-dose primary ICS + low-dose secondary ICS = medium dose ICS 
Medium-dose primary ICS + low or medium-dose secondary ICS = high dose ICS 
If either the primary or secondary ICS is high-dose = high-dose ICS 

 
DPI = dry powder inhaler, GINA = Global Initiative for Asthma, HFA = hydrofluoroalkane,  
  



Table E3. Item-total statistics for an initial version of ASSESS tool with separate dimensions for 

daytime and nighttime symptoms, compared to the final version of the ASSESS tool, which 

replaces daytime and nighttime symptoms with Asthma Control Test (ACT) total scores. 

 
Tool version  Cronbach’s 

α 
Item Corrected 

Item-Total 
Correlation 
 

Cronbach’s α if 
Item Deleted 

Separate 
dimensions for 
daytime and 
nighttime 
symptoms 

0.669 Daytime symptoms 
 

0.407 0.627 

Nighttime symptoms 
 

0.498 0.589 

Lung function (FEV1) 
 

0.357 0.645 

Controller medications 0.448 0.609 
 

Exacerbations 
 

0.357 0.645 

Single 
symptom 
dimension with 
ACT total 
score 

0.726 ACT score 
 

0.931 0.569 

Lung function (FEV1) 
 

0.498 0.716 

Controller medications 
 

0.671 0.635 

Exacerbations 
 

0.616 0.666 

 
 
 
 



Table E4. Minimal Important Differences (MIDs) in ASSESS scores determined by the 

distribution approach. 

Timepoint Standard 
deviation (SD) 
 

Cronbach α MID (0.5*SD) MID (1*SEM) 

Baseline 
 

3.98 0.639 1.96 2.39 

12 months 
 

3.65 0.590 1.83 2.51 

24 months 
 

3.74 0.590 1.87 2.51 

36 months 
 

3.65 0.574 1.83 2.56 

All timepoints 
merged 
 

3.84 0.605 1.92 2.46 

 
SEM = standard error of measurement 

  



Table E5. Receiver operative curve (ROC) analyses with change in ASSESS score as a predictor for selected asthma outcomes in a 

merged dataset of repeated measures at 12, 24 and 36 months (N=1686 observations). A negative value for the change in ASSESS 

score indicates an improvement in asthma severity, whereas a positive value reflects a worsening of asthma severity. 

 

Asthma outcome at 12 months1  Number (%) 
with outcome 

Cut-point for 
ASSESS score  

Sensitivity 
(%)  

 

Specificity 
(%)  

 

Area under the 
curve (95% CI) 

p-value 

Asthma improvement 
≥1 fewer exacerbation(s) in the 
past year 

449 (26.6) -3 32.1 92.3 0.73 
(0.703, 0.760) 

< 0.001 
-2 46.5 85.5 
-1 
 

62.6 72.8 

≥1 fewer controller 
medication(s) for asthma 

231 (13.7) -3 33.1 88.8 0.687  
(0.649, 0.726) 

< 0.001 
-2 45.9 80.3 
-1 
 

61.5 69.6 

≥ 0.5 point increase in Asthma 
Quality of Life Questionnaire 
(AQLQ) total score  
 

370 (21.9) -3 32.2 92.5 0.732  
(0.702, 0.763) 

< 0.001 
-2 45.8 85.4 
-1 62.4 72.8 

Asthma worsening 
≥1 more exacerbation(s) in the 
past year 

281 (16.7) 3 18.0 95.6 0.688  
(0.652, 0.724) 

< 0.001 
2 30.4 91.1 
1 
 

46.1 82.0 

≥1 more controller 
medication(s) for asthma 

203 (12.0) 3 20.0 95.1 0.681  
(0.638, 0.724) 

< 0.001 
2 31.5 90.2 
1 

 
47.1 80.8 



≥ 0.5 point decrease in 
Asthma Quality of Life 
Questionnaire (AQLQ) total 
score  
 

290 (17.2) 3 19.5 96.2 0.705 
(0.670, 0.739) 

< .001 
2 30.0 91.4 
1 
 

45.7 82.4 

Hospitalization for asthma 59 (3.5) 3 27.1 93.8 0.708 
(0.643, 0.774) 

< 0.001 
2 37.3 88.0 
1 47.5 77.6 

 
CI = confidence interval 

1 Compared to the prior visit 
 
  



Table E6. Features of the participants in the external replication cohort, shown as mean ± SEM 

or number of participants (%).  

Feature 
 

N = 100 

Age (years) 
   Age 12-18 years 
   Age ≥ 18 years 
 

35.1 ± 1.5 
7 (7.0) 

93 (93.0) 
 

Asthma duration (years) 
 

21.9 ± 1.3 

Severe asthma (modified dichotomous ERS/ATS definition) 
 

29 (29.0) 

Male 
 

27 (27.0) 

Hispanic ethnicity 
 

6 (6.0) 

Race 
   White 
   Black 
   More than one race 
   Other 
 

 
60 (60.0) 
33 (33.0) 
3 (3.0) 
4 (4.) 

Highest household educational attainment 
   Did not complete high school 
   High school diploma 
   Some college or technical training 
   College degree  
   Decline to answer 
 

 
3 (3.0) 

12 (12.0) 
30 (30.0) 
45 (45.0) 
10 (10.0) 

Asthma healthcare utilization (previous year) 
   Unscheduled physician visit 
   Emergency department 
   Hospitalization 
 

 
64 (64.0) 
28 (28.0) 
9 (9.0) 

Intubation for asthma (ever in lifetime) 
 

10 (10.0) 

Daily asthma medications 
   Inhaled corticosteroid 
   Long-acting beta-agonist 
   Leukotriene receptor antagonist 
   Theophylline 
   Systemic corticosteroids 
   Biologic (omalizumab) 
 

 
70 (70.0) 
53 (53.0) 
29 (29.0) 
4 (4.0) 

13 (13.0) 
3 (3.0) 



Asthma Control Test score 17.1 ± 0.4 
 

Lung function 
   FVC % predicted 
   FEV1 % predicted 
 

 
91.7 ± 1.8 
81.9 ± 2.1 

  



Table E7. Differences (mean ± SEM) in outcomes in participant subgroups before and 18 ± 3 

days after triamcinolone administration. *p ≤ 0.05, **p ≤ 0.01 vs. ASSESS score improvement 

 ASSESS score 
improvement  

(≥2 point decrease) 

No change in 
ASSESS score 

ASSESS score 
worsening  

(≥2 point increase) 
Absolute change in 
FEV1 % predicted (%) 

   

Non-severe asthma1 2.40 ± 1.03 1.53 ± 0.71 0.66 ± 1.60 
Severe asthma2 6.69 ± 0.81 0.45 ± 0.87** -1.65 ± 1.72** 
Cluster 13 2.61 ± 3.90 -0.04 ± 2.13 1.40 ± 3.61 
Cluster 24 3.76 ± 1.03 -2.55 ± 1.74 -5.15 ± 5.33 
Cluster 35 7.35 ± 2.02 3.09 ± 2.33* 0.17 ± 2.07** 
Cluster 46 7.61 ± 1.95 2.49 ± 0.95** 1.30 ± 2.83 
Cluster 57 

 
9.41 ± 1.60 1.26 ± 1.98** -2.05 ± 2.88 

Change in ACQ7 score    
Non-severe asthma -0.36 ± 0.10 -0.31 ± 0.06 -0.25 ± 0.13 
Severe asthma -0.67 ± 0.70 -0.10 ± 0.07** 0.01 ± 0.12** 
Cluster 1 -1.16 ± 0.34 -0.48 ± 0.17 -0.57 ± 0.29 
Cluster 2 -0.66 ± 0.13 -0.11 ± 0.11 0.04 ± 0.37 
Cluster 3 -0.50 ± 0.15 -0.34 ± 0.21 -0.27 ± 0.64* 
Cluster 4 -0.60 ± 0.12 -0.08 ± 0.11** -0.29 ± 0.00 
Cluster 5 
 

-0.67 ± 0.14 0.23 ± 0.13** 0.46 ± 0.37** 

Change in ACQ6 score    
Non-severe asthma -0.34 ± 0.11 -0.33 ± 0.07 -0.27 ± 0.14 
Severe asthma -0.66 ± 0.08 -0.10 ± 0.08** -0.04 ± 0.26** 
Cluster 1 -0.67 ± 0.22 -0.35 ± 0.12 -0.29 ± 0.23 
Cluster 2 -0.40 ± 0.11 -0.28 ± 0.08 -0.30 ± 0.19 
Cluster 3 -0.54 ± 0.15 -0.32 ± 0.16 -0.11 ± 0.39 
Cluster 4 -0.65 ± 0.13 -0.18 ± 0.10** -0.28 ± 0.15 
Cluster 5 -0.69 ± 0.15 0.22 ± 0.14** 0.28 ± 0.45* 

 
1 Non-severe asthma: Improvement, n = 84; no change, n = 108, worsened, n = 34 
2 Severe asthma: Improvement, n = 166; no change, n = 115, worsened, n = 27 
3 Cluster 1: Improvement, n = 28; no change, n = 26, worsened, n = 7 
4 Cluster 2: Improvement, n = 88; no change, n = 94, worsened, n = 28 
5 Cluster 3: Improvement, n = 37; no change, n = 33, worsened, n = 14 
6 Cluster 4: Improvement, n = 39; no change, n = 41, worsened, n = 3 
7 Cluster 5: Improvement, n = 59; no change, n = 29, worsened, n = 9 
 
  



 
Figure Legends 

 

Figure E1. (word count = 11) 

Inclusion of participants. SARP = Severe Asthma Research Program. 

 

Figure E2 (word count = 25) 

Scree plot depicting the fraction of total variance (shown as Eigenvalues) in the Asthma Severity 

Scoring System (ASSESS) data, as explained by each principal component. 

 

Figure E3. (word count = 53) 

Clustered heat map (i.e., double dendogram) depicting patterns of responses for each item (i.e., 

domain) in the Asthma Severity Scoring System (ASSESS) tool. Items were transformed to a 0-1 

range prior to clustering. Blue reflect a lower response value to the item whereas orange and red 

reflect higher response values to the item. 

 

Figure E4. (word count = 22) 

Intraclass correlations for the Asthma Severity Scoring System (ASSESS) tool between baseline 

and 12 months, 12 months and 24 months, and 24 and 36 months. 

 

Figure E5. (word count = 33) 

Associations between changes in Asthma Severity Scoring System (ASSESS) scores and 

changes in Asthma Control Test (ACT) scores, FEV1 (measured as absolute change in percent 

predicted value), and controller medications across 36 months. 



 

Figure E6. (word count = 57) 

Association between the modified dichotomous European Respiratory Society/American 

Thoracic Society definition of severe asthma (assessed at baseline, 12 months and 24 months) 

and changes in Asthma Control Test (ACT) score, FEV1 (measured as absolute change), 

controller medications and Asthma Quality of Life Questionnaire (AQLQ) score over the 

following year. Boxplot whiskers correspond to 5th and 95th percentiles. 

 

Figure E7. (word count = 40) 

Radar plots depicting changes in individual domains of the Asthma Severity Scoring System 

(ASSESS) at baseline and after intramuscular triamcinolone, stratified by the modified 

dichotomous European Respiratory Society/American Thoracic Society definition of severe 

asthma. Spikes correspond to individual participant responses. 

 

Figure E8. (word count = 39) 

Radar plots depicting changes in individual domains of the Asthma Severity Scoring System 

(ASSESS) at baseline and after intramuscular triamcinolone, stratified by phenotypic cluster 

assignment. Spikes correspond to individual participant responses. 

 

Figure E9. (word count = 57) 

(A) Baseline Asthma Severity Scoring System (ASSESS) score and (B) change in ASSESS score 

over 12 months between patients in whom biologic therapy was initiated, compared with patients 



on stable biologic therapy and patients not treated with biologics. The dashed line at -2 

corresponds to the meaningful improvement (i.e., reduction of 2 points) of the ASSESS score. 
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