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Appendix 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) checklist. 
 

Section and 
Topic  

Item 
# 

Checklist item  
Location where item is 
reported  

TITLE   

Title  1 Identify the report as a systematic review. Title 

ABSTRACT   

Abstract  2 See the PRISMA 2020 for Abstracts checklist. Abstract 

INTRODUCTION   

Rationale  3 Describe the rationale for the review in the context of existing knowledge. Introduction 

Objectives  4 Provide an explicit statement of the objective(s) or question(s) the review addresses. Introduction 

METHODS   

Eligibility criteria  5 Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses. Methods- inclusion criteria; 
exclusion criteria 

Information 
sources  

6 Specify all databases, registers, websites, organisations, reference lists and other sources searched or consulted to 
identify studies. Specify the date when each source was last searched or consulted. 

Methods-Search strategy 

Search strategy 7 Present the full search strategies for all databases, registers and websites, including any filters and limits used. Supplementary materials 

Selection process 8 Specify the methods used to decide whether a study met the inclusion criteria of the review, including how many 
reviewers screened each record and each report retrieved, whether they worked independently, and if applicable, details 
of automation tools used in the process. 

Methods-Study selection 

Data collection 
process  

9 Specify the methods used to collect data from reports, including how many reviewers collected data from each report, 
whether they worked independently, any processes for obtaining or confirming data from study investigators, and if 
applicable, details of automation tools used in the process. 

Methods- Data extraction, 
risk of bias assessment, 
quality, and synthesis of 
the results 

Data items  10a List and define all outcomes for which data were sought. Specify whether all results that were compatible with each 
outcome domain in each study were sought (e.g. for all measures, time points, analyses), and if not, the methods used to 
decide which results to collect. 

Appendix 3. 

10b List and define all other variables for which data were sought (e.g. participant and intervention characteristics, funding 
sources). Describe any assumptions made about any missing or unclear information. 

Appendix 3. 

Study risk of bias 
assessment 

11 Specify the methods used to assess risk of bias in the included studies, including details of the tool(s) used, how many 
reviewers assessed each study and whether they worked independently, and if applicable, details of automation tools 
used in the process. 

Data extraction, risk of bias 
assessment, quality, and 
synthesis of the results 

Effect measures  12 Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in the synthesis or presentation of 
results. 

NA 

Synthesis 
methods 

13a Describe the processes used to decide which studies were eligible for each synthesis (e.g. tabulating the study 
intervention characteristics and comparing against the planned groups for each synthesis (item #5)). 

NA 

13b Describe any methods required to prepare the data for presentation or synthesis, such as handling of missing summary 
statistics, or data conversions. 

NA 



 
 
 

Section and 
Topic  

Item 
# 

Checklist item  
Location where item is 
reported  

13c Describe any methods used to tabulate or visually display results of individual studies and syntheses. NA 

13d Describe any methods used to synthesize results and provide a rationale for the choice(s). If meta-analysis was 
performed, describe the model(s), method(s) to identify the presence and extent of statistical heterogeneity, and software 
package(s) used. 

NA 

13e Describe any methods used to explore possible causes of heterogeneity among study results (e.g. subgroup analysis, 
meta-regression). 

NA 

13f Describe any sensitivity analyses conducted to assess robustness of the synthesized results. NA 

Reporting bias 
assessment 

14 Describe any methods used to assess risk of bias due to missing results in a synthesis (arising from reporting biases). Appendix 3. 

Certainty 
assessment 

15 Describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome. Methods- Data extraction, 
risk of bias assessment, 
quality, and synthesis of 
the results 

RESULTS   

Study selection  16a Describe the results of the search and selection process, from the number of records identified in the search to the 
number of studies included in the review, ideally using a flow diagram. 

Figure 1 

16b Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why they were 
excluded. 

Figure 1 

Study 
characteristics  

17 Cite each included study and present its characteristics. Table 1; 2; S3; S6;  

Risk of bias in 
studies  

18 Present assessments of risk of bias for each included study. Table S7 

Results of 
individual studies  

19 For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) and (b) an effect 
estimate and its precision (e.g. confidence/credible interval), ideally using structured tables or plots. 

NA 

Results of 
syntheses 

20a For each synthesis, briefly summarise the characteristics and risk of bias among contributing studies. Results- Development and 
quality of definitions of non-
response and response; 
Development and content 
validity of the outcome 
measures; Risk of bias and 
quality of evidence for 
validation studies of 
outcome measures 

20b Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the summary estimate 
and its precision (e.g. confidence/credible interval) and measures of statistical heterogeneity. If comparing groups, 
describe the direction of the effect. 

NA 

20c Present results of all investigations of possible causes of heterogeneity among study results. NA 

20d Present results of all sensitivity analyses conducted to assess the robustness of the synthesized results. NA 

Reporting biases 21 Present assessments of risk of bias due to missing results (arising from reporting biases) for each synthesis assessed. NA 

Certainty of 22 Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed. Results-Risk of bias and 



 
 
 

Section and 
Topic  

Item 
# 

Checklist item  
Location where item is 
reported  

evidence  quality of evidence for 
validation studies of 
outcome measures 

DISCUSSION   

Discussion  23a Provide a general interpretation of the results in the context of other evidence. Discussion 

23b Discuss any limitations of the evidence included in the review. Discussion: Strengths and 
limitations 

23c Discuss any limitations of the review processes used. Discussion: Strengths and 
limitations 

23d Discuss implications of the results for practice, policy, and future research. Discussion: Policy 
implications and next steps 

OTHER INFORMATION  

Registration and 
protocol 

24a Provide registration information for the review, including register name and registration number, or state that the review 
was not registered. 

Methods 

24b Indicate where the review protocol can be accessed, or state that a protocol was not prepared. Methods 

24c Describe and explain any amendments to information provided at registration or in the protocol. Methods 

Support 25 Describe sources of financial or non-financial support for the review, and the role of the funders or sponsors in the review. Funding 

Competing 
interests 

26 Declare any competing interests of review authors. Conflict of interests 

Availability of 
data, code and 
other materials 

27 Report which of the following are publicly available and where they can be found: template data collection forms; data 
extracted from included studies; data used for all analyses; analytic code; any other materials used in the review. 

Supplementary materials 

From:  Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ 2021;372:n71. doi: 
10.1136/bmj.n71 



 
 
 

Appendix 2. Search strategies 
 

I. Search strategy in EMBASE (OVID) 

1. asthma/ or allergic asthma/ or aspirin exacerbated respiratory disease/ or asthmatic state/ or exercise 

induced asthma/ or experimental asthma/ or extrinsic asthma/ or intrinsic asthma/ or mild intermittent 

asthma/ or mild persistent asthma/ or moderate persistent asthma/ or nocturnal asthma/ or occupational 

asthma/ or severe persistent asthma/ 

2. asthma*.ti,ab. 

3. 1 or 2 

4. omalizumab.mp. or exp omalizumab/ 

5. mepolizumab.mp. or exp mepolizumab/ 

6. reslizumab.mp. or reslizumab/ 

7. benralizumab.mp. or exp benralizumab/ 

8. dupilumab.mp. or exp dupilumab/ 

9. tralokinumab.mp. or exp tralokinumab/ 

10. lebrikizumab.mp. or exp lebrikizumab/ 

11. tezepelumab.mp. or exp tezepelumab/ 

12. brodalumab.mp. or exp brodalumab/ 

13. ligelizumab.mp. or exp ligelizumab/ 

14. Pitrakinra.mp. or pitrakinra/ 

15. exp biological product/ or exp biological therapy/ or biologic*.mp. 

16. (biologic* adj1 (treatment* or therap* or medicine* or drug* or agent* or product*)).mp. 

17. monoclonal antibod*.mp. or exp monoclonal antibody/ 

18. 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 

19. drug response/ or exp treatment response/ or partial drug response/ 

20. (responsive* or response or respond* or nonrespon*).mp. 

21. treatment outcome/ or outcome assessment/ 

22. minimal clinically important difference/ or meaningful change.mp. 

23. (Minimal* adj1 (clinical* or important or real or significant) adj1 (change or difference)).mp. 

24. (Minimal* adj1 clinical* adj1 (important or significant) adj1 (change or difference)).mp. 

25. (MCID or MID or MIC).mp. 

26. 19 or 20 or 21 or 22 or 23 or 24 or 25 

27. editorial/ or review/ or case report/ or case report*.mp. 



 
 
 

28. editorial*.mp. 

29. conference abstract*.mp. 

30. conference paper*.mp. or conference paper/ or conference abstract/ 

31. ((systematic or narrative) adj2 review*).mp. or "systematic review"/ 

32. ((("semi-structured" or semistructured or unstructured or informal or "in-depth" or indepth or "face-to-

face" or structured or guide) adj3 (interview* or discussion* or questionnaire*)) or ("focus group*" or 

qualitative or ethnograph* or fieldwork or "field work" or "key informant")).ti,ab. or survey*.ti. 

33. interview/ or information processing/ or verbal communication/ or qualitative research/ or exp short 

survey/ or exp health care survey/ or exp health survey/ 

34. 27 or 28 or 29 or 30 or 31 or 32 or 33 

35. 3 and 18 and 26 

36. 35 not 34 

37. 36 not ((exp animal/ or nonhuman/) not exp human/) 

38. limit 37 to english language 

 

II. Search strategy in MEDLINE (OVID) 

1. exp Asthma, Aspirin-Induced/ or exp Asthma, Exercise-Induced/ or exp Asthma/ or exp Asthma, 

Occupational/ or asthma*.ti,ab. 

2. omalizumab.mp. or Omalizumab/ 

3. mepolizumab.mp. 

4. reslizumab.mp. 

5. benralizumab.mp. 

6. dupilumab.mp. 

7. tralokinumab.mp. 

8. lebrikizumab.mp. 

9. tezepelumab.mp. 

10. brodalumab.mp. 

11. ligelizumab.mp. 

12. Pitrakinra.mp. 

13. biological product/ or biological therapy/ or biologic*.mp. 

14. (biologic* adj1 (treatment* or therap* or medicine* or drug* or agent* or product*)).mp. 

15. monoclonal antibod*.mp. or antibodies, monoclonal/ or antibodies, monoclonal, humanized/ 

16. 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 



 
 
 

17. (responsive* or response or respond* or nonrespon*).mp. 

18. treatment outcome/ or Outcome Assessment, Health Care/ 

19. Minimal Clinically Important Difference/ or meaningful change.mp. 

20. (Minimal* adj1 (clinical* or important or real or significant) adj1 (change or difference)).mp. 

21. (Minimal* adj1 clinical* adj1 (important or significant) adj1 (change or difference)).mp. 

22. (MCID or MID or MIC).mp. 

23. 17 or 18 or 19 or 20 or 21 or 22 

24. editorial/ or review/ or case report/ or case report*.mp. 

25. (editorial* or conference abstract* or conference paper*).mp. 

26. ((systematic or narrative) adj2 review*).mp. or "systematic review"/ 

27. ((("semi-structured" or semistructured or unstructured or informal or "in-depth" or indepth or "face-to-

face" or structured or guide) adj3 (interview* or discussion* or questionnaire*)) or (focus group* or 

qualitative or ethnograph* or fieldwork or "field work" or "key informant")).ti,ab. or survey*.ti. 

28. interviews as topic/ or focus groups/ or narration/ or qualitative research/ or health care surveys/ or 

health surveys/ 

29. 24 or 25 or 26 or 27 or 28 

30. 1 and 16 and 23 

31. 30 not 29 

32. 31 not (Animals/ not (Animals/ and Humans/)) 

33. limit 32 to english language 

 

III. Search strategy in CINAHL (EBSCOhost) 

1. (MH "Asthma+") OR (MH "Asthma, Occupational") OR (MH "Asthma, Exercise-Induced") OR TI asthma* 

OR AB asthma* 

2. "omalizumab" OR "mepolizumab" OR "reslizumab" OR "benralizumab" OR "dupilumab" OR 

"tralokinumab" OR "lebrikizumab" OR "tezepelumab" OR "brodalumab" OR "ligelizumab" OR "Pitrakinra" 

(MH "Biological Therapy") OR (MH "Antibodies, Monoclonal+") OR ((biologic*) N1 (treatment* OR therap* 

OR medicine* OR drug* OR agent* OR product*)) OR "biologic*" OR "monoclonal antibod*" 

3. "responsive*" OR "response" OR "respond*" OR "nonrespon*" OR (MH "Treatment Outcomes") OR (MH 

"Outcome Assessment") 

4. "MCID" OR "MID" OR "MIC" OR "meaningful change" OR (Minimal* N1 (clinical* OR important OR real 

OR significant) N1 (change OR difference)) OR (Minimal* N1 clinical* N1 (important OR significant) N1 

(change OR difference)) 

5. TI (("semi-structured" OR semistructured OR unstructured OR informal OR "in-depth" OR indepth OR 

"face-to-face" OR structured OR guide) N3 (interview* OR discussion* OR questionnaire*)) OR TI ("focus 

group*" OR qualitative OR ethnograph* OR fieldwork OR "field work" OR "key informant")) 



 
 
 

6. AB (("semi-structured" OR semistructured OR unstructured OR informal OR "in-depth" OR indepth OR 

"face-to-face" OR structured OR guide) N3 (interview* OR discussion* OR questionnaire*)) OR AB ("focus 

group*" OR qualitative OR ethnograph* OR fieldwork OR "field work" OR "key informant") 

7. (MH "Qualitative Studies") OR (MH "Focus Groups") OR (MH "Narratives") OR (MH "Interviews") OR (MH 

"Surveys") OR TI Survey* 

8. (MH "Literature Review") OR (MH "Scoping Review") OR PT "Systematic Review" OR PT review OR PT 

editorial OR PT proceedings 

9. S3 OR S4 

10. S5 OR S6 OR S7 OR S8 

11. S1 AND S2 AND S9 

12. S11 NOT S10 

13. (MH "Animals+") NOT (MH "Human") 

14. S12 NOT S13 Limiters - English Language 

 

IV. Search strategy in Web of science   

1. TS=(asthma*) 

2. TS=(omalizumab) OR TS=(mepolizumab) OR TS=(reslizumab) OR TS=(benralizumab) OR TS=(dupilumab) 

OR TS=(tralokinumab) OR TS=(lebrikizumab) OR TS=(tezepelumab) OR TS=(brodalumab) OR 

TS=(ligelizumab) OR TS=(Pitrakinra) 

3. TS=((biologic*) NEAR/1 (treatment* OR therap* OR medicine* OR drug* OR agent* OR product*) ) OR 

TS=("monoclonal antibod*") OR TS=("biologic*") 

4. TS=("responsive*") OR TS=("response") OR TS=("respond*") OR TS=("nonrespon*")  OR TS=("outcome  

assessment*") OR TS=("treatment  outcome*") OR TS=("meaningful change") OR TS=(Minimal* NEAR/1 

(clinical* OR important OR real OR significant) NEAR/1 (change OR difference) ) OR TS=(Minimal* NEAR/1 

clinical* NEAR/1 (important OR significant) NEAR/1 (change OR difference) ) OR TS=("MCID") OR 

TS=("MID") OR TS=("MIC") 

5. #3 OR #2 

6. (#1 AND #4 AND #5) NOT TS=("interview*") NOT TS=("focus group*") NOT TS=(narration) NOT 

TS=("qualitative research") NOT TI=(survey*) 

7. #6 NOT TS=((("semi-structured" OR semistructured OR unstructured OR informal OR "in-depth" OR 

indepth OR "face-to-face" OR structured OR guide) NEAR/3 (interview* OR discussion* OR questionnaire*) ) 

OR (focus group* OR qualitative OR ethnograph* OR fieldwork OR "field work" OR "key informant") ) 

8. (#7 NOT TS=((animal*) NOT (human* OR patient*) ))  AND  LANGUAGE:  (English)  

9. (#7 NOT TS=((animal*) NOT (human* OR patient*) ))  AND  LANGUAGE:  (English)  

Refined by: [excluding] DOCUMENT TYPES: (PROCEEDINGS PAPER OR EDITORIAL MATERIAL OR REVIEW OR 

MEETING ABSTRACT)  

 



 
 
 

Appendix 3. Detailed methods 
 

Data extraction, risk of bias assessment, quality, and synthesis of the results. 

Data extraction was based on the COSMIN (COnsensus-based Standards for the selection of Measurement 

Instruments) guideline1 for outcome measures. Data about study design; population characteristics and 

subgroups including sample size; asthma definition and severity; intervention and comparator (where 

appropriate); follow-up period; methodological approach to defining therapeutic response; definition of 

response and non-response (sole or composite outcome measures), development data, data on 

measurement properties (including: reliability (internal consistency, reliability, measurement error), validity 

(content, construct validity, responsiveness to change)) and characteristics of the outcome measurements 

were extracted into a template form independently by two reviewers (EK, AR). Any discrepancies were 

resolved by discussion or by a third reviewer (GR). The final extraction was cross-checked. Authors of included 

studies were contacted to provide additional data if needed. 

Two reviewers (EK,AR) independently assessed the Risk of Bias (RoB) in individual studies using the COSMIN 

checklist for PROMs2,3 and composite outcome measures (COSMIN RoB for non-Patient Reported 

Outcomes)4. Criterion validity was not evaluated as no gold standard exists in severe asthma. 

First, development of the outcome measures was assessed based on relevance, comprehensiveness, and 

comprehensibility according to ten criteria.3 Each criterion was rated as positive (+), negative (-), or 

indeterminate (?). The overall rating was provided as sufficient (+), insufficient (-), or inconsistent (±) which 

were based on the results from developmental and content validity studies as well as reviewers rating. If the 

developmental process for an outcome measure was not reported, then the overall rating was based only on 

the reviewer rating. 

Second, we assessed RoB for each measurement property in the validation studies and rated it as very good, 

adequate, doubtful, or inadequate. The overall rating per measurement property was determined by the 

lowest rating for each standard.1,2  The RoB assessment of response definitions was not undertaken as it is 

not part of the COSMIN RoB checklist.   

Furthermore, we applied quality criteria. Each measurement property was rated as either sufficient (+), 

insufficient (-), or indeterminate (?) based on the predefined criteria for good measurement properties (GMP).1 

For construct validity and responsiveness, the review team formulated a priori hypotheses about the expected 

relationships between an outcome measure and comparator instruments. Overall, ≥75% of the results were 

expected to meet the criteria to be classified as sufficient.1  Criteria for GMP are listed in Table S2. 

Lastly, the certainty of evidence was assessed using the Grading of Recommendations, Assessment, 

Development and Evaluation (GRADE) approach.1,3,5 Quality of evidence was rated as ‘high’, ‘moderate’, ‘low’ or 



 
 
 

‘very low’ for four factors (RoB, inconsistency, imprecision, and indirectness)  for ‘validity’ studies while for 

‘developmental’ studies rating was done according to three (RoB, inconsistency, and indirectness) by two 

reviewers (EK, AR). Papers describing development of the outcome measure were eligible for inclusion 

regardless of severity of asthma but subsequently downgraded for indirectness. Only inconsistency, imprecision 

and indirectness were assessed for the definitions of response as per the COSMIN guideline.1 GRADE was not 

assessed in studies with indeterminate (?) rating based on GMP.1 Any disagreements were resolved through the 

consultation with a third reviewer (GR). A descriptive synopsis with summary data tables were produced, and 

results were summarized using narrative synthesis. 

 

 

  

  

 

 

 

 

 

 

 

 

 

 



 
 
 

Table S1. COSMIN definitions of domains, measurement properties, and aspects of measurement properties. 

Term 
 

Definition 
 

     Domain Measurement 
Property 

 

Aspect of a 
Measurement 

Property 

Reliability   The degree to which the measurement is free from measurement error 
 

Reliability 
(extended 
definition) 
 

  The extent to which scores for patients who have not changed are the same for repeated measurement under 
several conditions: e.g. using different sets of items from the same health related-patient reported outcomes (HR-
PRO; internal consistency); over time (test-retest); by different persons on the same occasion (inter-rater); or by 
the same persons (i.e. raters or responders) on different occasions (intra-rater) 
 

 Internal 
consistency 
 

 The degree of the interrelatedness among the items 
 

 Reliability  The proportion of the total variance in the measurements which is due to ‘‘true’’ differences between patients 
 

 Measurement 
error 
 

 The systematic and random error of a patient’s score that is not attributed to true changes in the construct to be 
measured 
 

Validity   The degree to which an HR-PRO instrument measures the construct(s) it purports to measure 
 

 Content 
validity 
 

 The degree to which the content of an HR-PRO instrument is an adequate reflection of the construct to be 
measured 
 

  Face validity The degree to which (the items of) an HR-PRO instrument indeed looks as though it is an adequate reflection of 
the construct to be measured 
 

 Construct 
validity 
 

 The degree to which the scores of an HR-PRO instrument are consistent with hypotheses (for instance with regard 
to internal relationships, relationships to scores of other instruments, or differences between relevant groups) 
based on the assumption that the HR-PRO instrument validly measures the construct to be measured 
 

  Structural 
validity 
 

The degree to which the scores of an HR-PRO instrument are an adequate reflection of the dimensionality of the 
construct to be measured 
 

  Hypotheses Idem construct validity 



 
 
 

testing 
 

 

  Cross-cultural 
validity 
 

The degree to which the performance of the items on a translated or culturally adapted HR-PRO instrument are an 
adequate reflection of the performance of the items of the original version of the HR-PRO instrument 
 

 Criterion 
validity 

 The degree to which the scores of an HR-PRO instrument are an adequate reflection of a ‘‘gold standard’’ 
 

Responsiveness   The ability of an HR-PRO instrument to detect change over time in the construct to be measured 
 

 Responsiveness  Idem responsiveness 
 

Interpretability   Interpretability is the degree to which one can assign qualitative meaning—that is, clinical or commonly 
understood connotations—to an instrument’s quantitative scores or change in scores. 
 

COSMIN, COnsensus-based Standards for the selection of health Measurement INstruments; HR PRO, health related-patient reported outcomes. Taken from Mokkink LB et 

al.6 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 
 

Table S2. COSMIN criteria for good measurement properties. 

Measurement property 
(definition) 

Rating Criteria 

Structural validity + CTT 
CFA: CFI or TLI or comparable measure > 0.95 OR RMSEA < 0.06 OR SRMR < 0.08a 
IRT/Rasch 
No violation of unidimensionalityb: CFI or TLI or comparable measure > 0.95 OR RMSEA < 0.06 
OR SRMR < 0.08 
AND 
no violation of local independence: residual correlations among the items after controlling for the 
dominant factor < 0.20 OR Q3’s < 0.37 
AND 
no violation of monotonicity: adequate looking graphs OR item scalability > 0.30 
AND 
adequate model fit 
IRT: χ2 > 0.001 
Rasch: infit and outfit mean squares ≥ 0.5 and ≤ 1.5 OR Z-standardized values > −2 and < 2 

? CTT: not all information for ‘+’ reported 
IRT/Rasch: model fit not reported 

- Criteria for ‘+’ not met 

Internal consistency 
  

+ At least low evidencec for sufficient structural validityd AND Cronbach’s alpha(s) ≥ 0.70 for each unidimensional scale or 
subscalee 

? Criteria for “At least low evidencec for sufficient structural validityd” not met 

- At least low evidencec for sufficient structural validityd AND Cronbach’s alpha(s) < 0.70 for each 
unidimensional scale or subscalee 

Reliability 
  

+ ICC or weighted Kappa ≥ 0.70 

? ICC or weighted Kappa not reported 

- ICC or weighted Kappa < 0.70 

Measurement error + SDC or LoA < MICd 

? MIC not defined 

_ SDC or LoA > MICd 



 
 
 

Hypotheses testing for 
construct validity 
 
 

+ The result is in accordance with the hypothesisf 

? No hypothesis defined (by the review team) 

- The result is not in accordance with the hypothesisf 

Responsiveness to change 
 
 

+ The result is in accordance with the hypothesisf OR AUC ≥ 0.70 

? No hypothesis defined (by the review team) 

- The result is not in accordance with the hypothesisf OR AUC < 0.70 

AUC, area under the curve; CFA, confirmatory factor analysis; CFI, comparative fit index; CTT, classical test theory; DIF, differential item functioning; ICC, intraclass correlation 

coefficient; IRT, item response theory; LoA, limits of agreement; MIC, minimal important change; RMSEA, root mean square error of approximation; SEM standard error of 

measurement; SDC, smallest detectable change; SRMR, standardized root mean residuals; TLI, Tucker–Lewis index. Taken from COSMIN, COnsensus-based Standards for the 

selection of health Measurement INstruments1. 

“+” = sufficient, “−” = insufficient, “?” = indeterminate 
aTo rate the quality of the summary score, the factor structures should be equal across studies 
bUnidimensionality refers to a factor analysis per subscale, while structural validity refers to a factor analysis of a (multidimensional) patient reported outcome measure 
cAs defined by grading the evidence according to the GRADE approach 
dThis evidence may come from different studies 
eThe criteria ‘Cronbach alpha < 0.95’ was deleted, as this is relevant in the development phase of a PROM and not when evaluating an existing PROM 
fThe results of all studies should be taken together and it should then be decided if 75% of the results are in accordance with the hypotheses 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 
 

Table S3. Approach to development of outcome measures. 

Reference, 
year 

Scale Approach to development of outcome measurements 

Composite outcome measures 
Fitzpatrick, 
20207  

ASSESS Adapted from the CASI by clinicians only: removed daytime symptoms and night time symptom dimensions and replaced with the total ACT score 
(weighted at 30%), modified ranges for FEV1, medications, and length for assesment of exacerbations. 
 

Wildfire 20128 CASI Developed by physicians only. 1. Determining independent dimensions of asthma severity via factor analysis. 2. Delphi exercise: clinical weighting 
of the dimensions of asthma severity.  3. Scale properties of the Composite Asthma Severity Index. 4. External validation. 

De Llano, 
20219 

FEOS Developed by physicians only. 1. Systematic literature review. 2. Selection of domains and measurement tools: Delphi exercise. 3.Weighted of 
selected domains: multicriteria decision analysis. 4.Face validity.  

Asthma symptom outcome measures 
Shen, 202110 
Revicki, 199811 
 

    ASUI 

 
1. Literature review, patient interviews (including ranking order the relative importance of the items) and discussion with physicians. 2. 
Determination of a scoring algorithm using visual analog scale and standard gamble techniques, subsequently using multi-attribute utility 
function. 
 

Shen, 202110 
 
 

ASI Modified version of the ASUI which includes the 4 asthma symptoms, but excludes questions about assessment of medication side effects (eg, 
“how many days were you bothered by side effects of your asthma medication during the past 2 weeks?,” “if 1 day or more what side effects did 
you have?,” and “on average, how severe were the side effects of your asthma medication during the past 2 weeks?”). 
 

Globe, 2015 12 
Globe, 201913 

ASD 1. Concept elicitation interviews in 34 adults (38.9 years (13.0), 61.8% females, ACQ≥3 in 20.6%) and 16 adolescents (15.2 years (1.6), 56.3% 
males, ACQ≥3 in 31.3%) with clinical diagnosis of persistent asthma. 
2. Cognitive interviews in 15 adults (30.7 years (9.7), 86.7% females, ACQ≥3 in 20.0%) and 9 adolescents (14.1 years (2.2), 77.8% males, ACQ≥3 
in 11.1%) with a clinical diagnosis of persistent asthma. 
 

Asthma control outcome measures 

Lloyd, 200714 GETE Developed by physicians only 

Asthma quality of life measures 

Hyland, 201815 
  

SAQ 1. Identification of domains of an instrument. 2.Focus group to seek feedback about draft instrument: patient with severe asthma defined by 
BTS guideline (n=16) between 24-69 y.o; mean age of 47 (SD = 13.53); female (n=12).  
 

ACQ, Asthma Control Questionnaire; BTS, British Thoracic Society; GETE, Global Evaluation of Treatment Effectiveness; ASSESS, Asthma Severity Scoring System; ASUI, Asthma 

Symptom Utility Index; ASI, Asthma Symptom Index; ASD, Asthma Symptom Diary; ACT, Asthma Control Test; CASI, Composite Asthma Severity Index; FEOS, FEV1, 

Exacerbations, Oral Corticosteroids, Symptoms Score; SAQ, Severe Asthma Questionnaire; NR, Not reported; FEV1, Forced Expiratory Volume in 1 second.  

 

 



 
 
 

Table S4. Summary of characteristics of the outcome measures. 

Instrument 
(year) 

Mode of administration (Sub)scale(s) 
(No. of Items) 

Type of 
response 

categories 

Intended context 
of use 

Target population Time to 
complete 
(minutes) 

Patient/carer 
report 

Original 
language 

Composite outcome measures  

Fitzpatrick, 20207 
ASSESS 

Interviewer 
administered, paper form 
(ACT16-18: self, at-home 
paper, phone, mail) 
 

4 items: ACT (5 items), FEV1, current 
medications, exacerbations. 

Multiple 
choice 
questions 

Clinical trials and 
routine clinical 
practice 

Adolescents (≥12 years) 
and adults 

Not 
reported 
(ACT: 2 
min) 

Patient and 
clinician 

English 

Wildfire,20128 
CASI 

Interviewer 
administered, paper 
form, online calculator 
available 

5 domains: day symptoms and 
albuterol use, night symptoms and 
albuterol use, controller treatment, 
lung function measures, and 
exacerbations. 
 

Multiple 
choice 
questions 

Intervention 
studies and 
clinical practice 

 Children ≥ 6 years and 
adolescents* 

Not 
reported 

Patient and 
clinician 

English 

de Llano, 20219 
FEOS 

Paper (ACT16-18 : self, at-
home paper, phone, mail) 

4-items (OCS, severe exacerbations, 
ACT, FEV1) 

Multiple 
choice 
questions 
 

Clinical trials, 
patient 
monitoring 

Adults Not 
reported 
(ACT: 2 
min) 

Patient and 
clinician 

English 

Asthma symptom outcome measures  

Revicki, 199811 
ASUI 

Interviewer 
administered, paper form 

11 items [four symptoms (cough, 
wheeze, shortness of breath, and 
awakening at night) and two 
dimensions (frequency and severity] 
and side effect of medications 
 

4-point Likert 
scale  

Clinical trials and 
cost effectiveness 
studies 

Adults Not 
reported 

Patient English (for the 
USA). Italian, 
French  

Shen, 202110 
ASI 

Interviewer 
administered, paper 

8 items [four symptoms (cough, 
wheeze, shortness of breath, and 
awakening at night) and two 
dimensions (frequency and severity] 
 

4-point Likert 
scale  

Clinical trials, 
patient 
monitoring 

Adults Not 
reported 

Patient English, Italian, 
French  

Globe,201512 
ASD  

Self-complete, electronic 
device 
 

10-items (5 morning and 5 evening) 5-point Likert 
scale  

Clinical research Adolescents (≥ 12 
years) and adults 

Not 
reported 

Patient English 

Asthma control outcome measures  

Llyod, 200714 
GETE 

Interviewer 
administered, paper form 

2 items 5-point Likert 
scale 

Clinical trials and 
routine clinical 
practice 

Adolescents and adults Not 
reported 

Patient and 
clinician 

English 

Asthma quality of life measures  

Hyland, 201815 
SAQ  

Self-complete, 
paper form 

SAQ: 16 items 
SAQ-global: 1 item 

7-point Likert 
scale  

Clinical research, 
patient 
monitoring 

Adults 16–78 years 
(reading age 11-12 
years) 

3-6 
minutes 

Patient English (UK), 
Portuguese  

ACT, Asthma Control Test; ASUI, Asthma Symptom Utility Index; ASI, Asthma Symptom Index; ASD, asthma symptom diary; ASSESS, Asthma Severity Scoring System; CASI, 

Composite Asthma Severity Index; GETE, Global Evaluation of Treatment Effectiveness; SAQ, Severe Asthma Questionnaire. FEOS, FEV1, Exacerbations, Oral Corticosteroids, 

Symptoms Score; FEV1, Forced Expiratory Volume in 1 second; OCS, Oral Corticosteroids. * CASI is also validated in adults with asthma based on a conference abstract.19 



 
 
 

 

Table S5. Summary of data for measurement properties of outcome measures. 

Reference, 
year 

Construct validity** Reproducibility Internal 
consistency 

Responsiveness 

Lloyd,  
200714 
 
GETE 

1.Spearman rank-order correlation between GETE and AQLQ (physician GETE / 
patient GETE)*: 

• Activities score: –0.29 / –0.32 

• Change from baseline in activities score: –0.35 / –0.37 

• Emotions score: –0.36 / –0.37 

• Change from baseline in emotions score: –0.31 / –0.35 

• Environmental exposure score:–0.25 / –0.26 

• Change from baseline in environmental exposure score: –0.27 / –0.30 

• Symptom score –0.40 / –0.45 

• Change from baseline in symptom score: –0.36 / –0.39 

• Overall score: –0.38 /–0.41                                                                                   

• Change from baseline in overall score: –0.38 /–0.41   
* All correlations were p<0.0001. 
 
2. Spearman rank-order correlation between GETE and clinical characteristics 
(physician GETE / patient GETE)*:   

• Actual FEV1 value: –0.20/–0.14 

• Total asthma symptom score: 0.32/ 0.34 

• Change in total asthma symptom score: 0.26/ 0.31 

• Nocturnal symptom score: 0.22/ 0.22 

• Change in nocturnal symptom score: 0.21/ 0.23 

• Daytime symptom score: 0.31/ 0.34 

• Change in daytime symptom score: 0.24/ 0.29 

• No. of puffs of rescue medication/day: 0.33 /0.33                                                              

• Change in no. of puffs of rescue medication/day: 0.26/ 0.29         
* All correlations were p<0.0001. 
 
3. Actual mean FEV1 (SD)/ mean total asthma symptom score (SD)/ mean nocturnal 
symptom score (SD) / mean daytime symptom score (SD) / mean n on puffs of 
rescue meds (SD)   
                                    
 

       NA        NA                        NA 



 
 
 

Reference, 
year 

Construct validity** Reproducibility Internal 
consistency 

Responsiveness 

             
Patient version                                                                                                                                                    

• Complete control of asthma:  2.20 (824.58) / 1.49 (1.58) / 0.50 (0.63) / 0.68 (0.71) 
/ 3.23 (4.49)  

• Marked improvement of asthma: 2.12 (776.94) / 2.14 (1.85) / 0.69 (0.81) / 1.02 
(0.86) / 3.76 (4.99) 

• Discernible, but limited improvement in asthma: 2.07 (761.41) / 2.70 (1.99) / 0.91 
(0.96) / 1.38 (0.98) / 5.47 (6.84) 

• No appreciable change in asthma: 2.03 (838.37) / 2.98 (2.21) / 1.01 (1.09) / 1.48 
(1.05) / 5.20 (5.20) 

• Worsening of asthma:  1.82 (691.97) / 5.38 (3.39) / 2.06 (1.34) / 2.32 (1.46) / 13.23 

(7.83)     

                                                                                                                                                               
p values per clinical indicator: 0.37/ 0.0091/ <0.0001/ <0.0001/ 0.0002/ 0.0016 / < 
0.0001 / 0.0009 / 0.0002                                                                                                                                                                                
     
Physician version  

• Complete control of asthma: 2.37 (877.81) / 1.68 (1.73)/ 0.64 (0.70) / 0.74 (0.75) / 
3.13 (4.17) 

• Marked improvement of asthma: 2.15 (790.23) / 2.01 (1.83) / 0.61 (0.81) / 1.00 
(0.88) / 3.65 (5.66) 

• Discernible, but limited improvement in asthma: 2.08 (751.92) / 2.61 (1.90) / 0.83 
(0.87)/ 1.27 (0.90)/ 4. 93 (5.66) 

• No appreciable change in asthma: 1.95 (751.86) / 3.15 (2.34) / 1.15 (1.13) / 1.58 
(1.12) / 6.35 (5.98) 

• Worsening of asthma: 1.66 (445.85)/ 6.41 / 1.38 (1.95) / 2.63 / 16.12 (11.49)   

• P values per clinical indicator:  0.0091; < 0.0001/ 0.0016/ <0.0001/ 0.0002                                                                                                                                    

 
4. Data presented per GETE level by AQLQ mean activity score (SD)/Mean emotions 
score (SD) /Mean environment 
score (SD) / Mean symptoms score (SD) / Mean overall score (SD) 
 
Patient version GETE 

• Complete control of asthma: 5.74 (1.21) / 5.83 (1.19) / 5.52 (1.37) / 5.75 (1.07) / 
5.73 (1.07) 



 
 
 

Reference, 
year 

Construct validity** Reproducibility Internal 
consistency 

Responsiveness 

• Marked improvement of asthma: 5.15 (1.21) / 5.29 (1.30) / 4.89 (1.34) / 5.15 
(1.08) / 5.13 (1.06)  

• Discernible, but limited improvement in asthma: 4.76 (1.25) / 4.72 (1.43) / 4.56 
(1.43) / 4.58 (1.13) / 4.64 (1.12)  

• No appreciable change in asthma: 4.45 (1.33) / 4.33 (1.47) / 4.43 (1.35) / 4.22 
(1.17) / 4.31 (1.10)  

• Worsening of asthma: 4.40 (1.47) / 3.88 (1.57) / 4.33 (1.55) / 3.76 (1.24) / 4.03 
(1.19) 

 
Physician version GETE 

• Complete control of asthma: 5.73 (1.22) / 5.85 (1.17) / 5.50 (1.38) / 5.72 (1.05) / 
5.71 (1.06) 

• Marked improvement of asthma: 5.21 (1.25) / 5.38 (1.27) / 4.99 (1.35) / 5.23 
(1.09) / 5.20 (1.07) 

• Discernible, but limited improvement in asthma: 4.79 (1.26) / 4.72 (1.49) / 4.59 
(1.42) / 4.60 (1.21) / 4.67 (1.17)  

• No appreciable change in asthma: 4.56 (1.29) /4.54 (1.42) /4.48 (1.40) /4.37 (1.16) 
/4.45 (1.09)  

Worsening of asthma: 4.42 (1.40)/ 3.29 (1.32) /4.04 (1.46) / 3.70 (1.00) / 3.90 (1.10)  

Fitzpatrick, 
20207 
 
ASSESS 

• AQLQ total score: r= -0.315** 

• AQLQ symptom: r= -0.387** 

• AQLQ activity: r= -0.244* 

• AQLQ emotion:  r= -0.387** 

• AQLQ environment: r= -0.253* 
*P < .05 and **P < .01. 

ICC (baseline/ 
12mo; 12mo/24 
mo; 24mo/36 
mo) 

• Entire sample 
0.764/ 0.768/ 
0.813  
 

• 12-17 ys: 
0.717/ 0.841/ 
0.732 
 

• >18 y:  
0.768 / 0.766/ 
0.816 

Cronbach's 
alpha:  
entire 
sample 
0.639  
 
12-17y: 
0.468  
 
≥18 y: 
0.662 

1. r values: AQLQ total score / 
symptom / activity / emotion / 
environment: 

• 0-12 mo: -0.550* / -0.579* / -
0.453* / -0.488* / -0.300* 

• 12 - 24 mo: -0.462* / -0.508* / -
0.349* / -0.408* / -0.212* 

• 24 - 36 mo: -0.468* / -0.481* / -
0.396* / -0.368* / -0.265* 

*P < .001. 
 
2. r values for changes: 0 and 12 
months / 12 and 24 months/ 24 and 
36 months: 

• Change in ASSESS vs Change in 
ACT: -0.668* / -0.676* / -0.622  



 
 
 

Reference, 
year 

Construct validity** Reproducibility Internal 
consistency 

Responsiveness 

• Change in ASSESS vs Change in 
FEV1 absolute % difference: -
0.395* / -0.369* / -0.372*. 

Wildfire,  
20128 
 
CASI* 

   Intervention group showed 
improvement in CASI & symptom 
days (0.67 points & 0.48-day 
improvement; both P < .001). CASI: 
32% greater magnitude of 
improvement (standardized effect 
size: 0.25 vs 0.17 for symptom 
days) 

Shen, 202110 
 
ASUI  

 

1.ASUI baseline/ week 12: 
SGRQ score: -0.68 / -0.72  
SGRQ Symptom: -0.78 / -0.81   
SGRQ Impact: -0.46 / -0.56  
SGRQ Activity: -0.60 / -0.66  
ACQ-5 score: -0.78 / -0.85   
EQ-5D index score: 0.51 / 0.52   
EQ-5D VAS score: 0.44 / 0.56  
% FEV1 pred.: 0.19 / 0.28  
FEV1 (mL): 0.15 / 0.20  
No. of exacerbations: -0.15 / -0.29  
Global rating of activity limitation: -0.43 / -0.51 
ASD Score: -0.54 / -0.53  
 
2.Known group validity:  
Group with higher ACQ-5 scores (≥1.5 indicating poorly controlled asthma) tended 
to have lower ASUI scores (indicative of greater symptom burden) (p<0.0001).  
For % pred FEV1, group with lowest FEV1 function ( ≤ 60% ) had the lowest ASUI 
scores (p<0.0001). 

ICC=0.87-0.90  Cronbach’s 
alpha: 
Baseline=0.
87 
Week 12 
=0.90 
 
 

1.ASUI change from baseline to 
week 4: 
ΔACQ-5 score: - 0.57  
ΔSGRQ score: 0.50  
ΔSGRQ Symptom: -0.53  
ΔSGRQ Impact: -0.25  
ΔSGRQ Activity: -0.41  
Δ % predicted FEV1: 0.16  
No. of asthma exacerbations 
during on-treatment phase: -0.02 
 
2. ASUI change from baseline to 
week 12: 
ΔACQ-5 score: -0.67 
ΔSGRQ score: -0.60 
ΔSGRQ Symptom: -0.67 
ΔSGRQ Impact: -0.42 
ΔSGRQ Activity: -0.50 
Δ % predicted FEV1: 0.25 
No. of asthma exacerbations 
during on-treatment phase: -0.05 
 

Shen, 202110 
 
ASI 

1.ASI (baseline/week 12): 
SGRQ score: 0.67/ 0.71  
SGRQ Symptom: 0.80 / 0.82  

ICC=0.87-0.90 Cronbach’s 
alpha: 

1.ASI change from baseline to 
week: 4: 
ΔACQ-5 score: 0.58  



 
 
 

Reference, 
year 

Construct validity** Reproducibility Internal 
consistency 

Responsiveness 

 SGRQ Impact: 0.46 / 0.55  
SGRQ Activity: 0.59 / 0.65 
ACQ-5 score: 0.79 / 0.85  
EQ-5D index score: -0.49/ -0.49  
EQ-5D VAS score: -0.43/ -0.55  
% FEV1 pred.: -0.20/ -0.28  
FEV1 (mL): -0.14/ -0.19  
No. of exacerbations: 0.12 / 0.28  
Global rating of activity limitation: 0.43 / 0.49   
ASD Score: 0.54 / 0.52 /  
 
2. Known group validity:  
Group with higher ACQ-5 scores (≥1.5 indicating poorly controlled asthma) tended 
to have higher ASI scores (p<0.0001). For % pred FEV1, group 
with lowest FEV1 function (≤60%) had the highest ASI scores (p<0.0001). 

Baseline=0.
89,  
Week 
12=0.93  
 
 

ΔSGRQ score: 0.50  
ΔSGRQ Symptom: 0.55 
ΔSGRQ Impact: 0.27  
ΔSGRQ Activity: 0.39  
Δ % predicted FEV1: -0.18  
No. of asthma exacerbations 
during on-treatment phase: 0.05 
 
2.ASI change from baseline to 
week 12: 
ΔACQ-5 score: 0.69  
ΔSGRQ score: 0.61  
ΔSGRQ Symptom: 0.70 
ΔSGRQ Impact: 0.45  
ΔSGRQ Activity: 0.49 
Δ % predicted FEV1: -0.28  
No. of asthma exacerbations 
during on-treatment phase*: 0.09 
 

Hyland, 
201820 
Masoli, 
202121 
Lanario, 
202122 
 
SAQ 
 

1. SAQ vs  
miniAQLQ =0.76; ACT=0.68; EQ-5D-5L score=−0.76; EQ-5D-VAS= 0.71; SAQ-global 
scale= 0.72; FEV1 % predicted=0.27; BMI=−0.31   
 
2. SAQ-global vs  
MiniAQLQ= 0.71; ACT total= 0.68; EQ-5D-5L= −0.71; EQ-5D-VAS= 0.76; FEV1 % 
predicted=0.26; BMI=−0.22 
 
3. Data for FEV1% predicted vs SAQ domains: 
SAQ score: 0.23; SAQ My Life: 0.29; SAQ My Mind: 0.15; SAQ My Body: 0.15; SAQ 
global score: 0.28 
 
4.Data for cumulative prednisolone vs SAQ domains: 
SAQ score: -0.34; SAQ My Life: − 0.35; SAQ My Mind: − 0.23; SAQ My Body: − 0.34; 
SAQ global score: − 0.37 

 
5.Data for Exacerbations in the last 12 mo requiring OCS vs SAQ domains: 

ICC= 0.93 (SAQ) 
ICC= 0.93 (SAQ-
global) 

Cronbach's 
alpha= 
0.93. 

Change scores for different 
degrees of global rating of change 
is available for SAQ, SAQ subscales 
and SAQ-global. 



 
 
 

Reference, 
year 

Construct validity** Reproducibility Internal 
consistency 

Responsiveness 

SAQ score: -0.37; SAQ My Life: − 0.37; SAQ My Mind: − 0.33; SAQ My Body: − 0.33; 
SAQ global score: − 0.36 
 
6. Data for Hospital admissions in the last 12 mo vs SAQ domains: 
SAQ score: -0.17; SAQ My Life: − 0.16; SAQ My Mind: − 0.16; SAQ My Body: − 0.13; 
SAQ global score: − 0.23 
 
7. EQ-5D-5L Index value/EQ-5D-5L item 5–Anxiety and Depression/EQ-5D VAS/      
ACQ score/ACT total 
SAQ score:0.72/ -0.64 /0.73/ -0.75/0.71  
SAQ My Life: 0.73/-0.54/0.74/-0.79/0.72  
SAQ My Mind: 0.64/-0.73/0.63/ -0.62/ 0.62  
SAQ My Body: 0.59/-0.56/0.62/-0.60/ 0.64  
SAQ global score: 0.66/-0.50/ 0.79/ 0.77/ 0.68  
 

Globe, 201913 
 
ASD  
 

    1. Responsiveness of the Average 7-
Day ASD Score at Weeks 12 and 24 
Data presented for Responders 
Mean (SE) Non-Responders/ Mean 
(SE) Difference P-Value. Effect size 
presented for responder / 
nonresponder 
Week 12 
ACQ > 0.5: −0.49 (0.03) / 0.05 
(0.03).Effect size: 0.82 / 0.08 
ACQ > 1.0: −0.54 (0.03) / −0.13 
(0.03).Effect size: 0.90 / 0.22 
PGA: −0.48 (0.03) / −0.07 (0.03) 
Effect size: 0.80 / 0.12 
 
Week 24: 
ACQ > 0.5: −0.59 (0.03) / −0.06 
(0.03) / − 0.53. Effect size: 0.98 / 
0.10 
ACQ > 1.0: −0.68 (0.04) / −0.15 
(0.03) / − 0.53.Effect size: 1.13 / 0.25 



 
 
 

Reference, 
year 

Construct validity** Reproducibility Internal 
consistency 

Responsiveness 

PGA: −0.60 (0.03) / −0.10 (0.04) / − 
0.49.Effect size: 1.00 / 0.17 
 
2. Responsiveness of ASD 
Symptomatic Days in a 7-Day Period 
at Weeks 12 and 24 
Data presented for Responders 
Mean (SE) Non-Responders Mean 
(SE).Effect size presented for 
responder / nonresponder: 
 
Week 12: 
ACQ > 0.5: −2.21 (0.16) / −0.57 
(0.18).Effect size: 0.73 / 0.19 
ACQ > 1.0: −2.35 (0.20) / −0.90 
(0.16).Effect size: 0.78 / 0.30 
PGA: −2.34 (0.16) / −0.45 (0.17) 
Effect size 0.78 / 0.15 
 
Week 24: 
ACQ > 0.5: −2.86 (0.18) / − 0.28 
(0.28).Effect size 0.95 / 0.09 
ACQ > 1.0: −3.21 (0.21) / −0.77 
(0.20).Effect size 1.07 / 0.26 
PGA: −2.97 (0.19) / −0.45 (0.23) 
Effect size 0.99 / 0.15 
 
3. Spearman correlations between 
baseline to 12-week changes in 
ASD scores and baseline to 12-
week changes in ACQ and PGA 
scores were 0.59 and 0.57, 
respectively.  
 
4. Correlations between baseline to 
24-week changes in ASD scores and 



 
 
 

Reference, 
year 

Construct validity** Reproducibility Internal 
consistency 

Responsiveness 

baseline to 24-week changes in 
ACQ and PGA scores were 0.67 and 
0.53, respectively. 

ACQ, Asthma Control Questionnaire; ACT, Asthma Control Test; AQLQ, Asthma Quality of Life Questionnaire; ASSESS, Asthma Severity Scoring System; ASUI, Asthma Symptom 

Utility Index; ASI, Asthma Symptom Index; ASD, Asthma Symptom Diary; BMI, Body Mass Index; CASI, Composite Asthma Severity Index; EQ-5D-5L,EuroQol Questionnaire-5 

Dimensions-5 Levels; EQ-5D-VAS, EuroQol Questionnaire-5 Dimensions Visual Analogue Scale; GETE, Global Evaluation of Treatment Effectiveness; FEV1, forced expiratory 

volume in 1 second; ICC, intraclass correlation coefficient; miniAQLQ, mini- Asthma Quality of Life Questionnaire; PGA, Patient's Global Assessment; SAQ, Severe Asthma 

Questionnaire; SGRQ, St George’s Respiratory Questionnaire. *Only external validation data was used for analysis as it was performed in a study with biologics. **As there is 

no golden standard in asthma, data about criterion validity was combined with construct validity. 

 

 

 

Table S6. Additional study characteristics for validation studies. 

Reference, 
year 

Scale Study 
design 

N Age (years) 
Mean (IQR) 

Patient 
characteristics 

Asthma severity 
(severe %) 

Definition of asthma Biological drug 

Hyland,  
201820 
 

SAQ Observational 160 51 F=66%; FEV1 % predicted=72  
(28–137) 

Severe (100%) ERS/ATS guidelines Omalizumab =21% 
Mepolizumab=3% 

Lanario,  
202122 

SAQ Cross-
sectional 

460 51 (50–53) F=65%; FEV1 % predicted, mean 
(CI): 71.75 (69.79–73.71) 
Prescribed maintenance OCS, n 
(%): 218 (47) 

Severe (100%) ERS/ATS guidelines Different biologics=39% 

Wildfire, 

20128* 

 

CASI RCT 419 
 

10.8 (8-14) F= 42%; FEV1 % predicted  
(mean ± SD) = 92.1±17.1 

Mild to severe 
(54%) 

Physician-diagnosis 
of asthma 

Omalizumab=50% 

ATS, American Thoracic Society; CASI, Composite Asthma Severity Index; ERS, European Respiratory Society; FEV1, forced expiratory volume in 1 second; F, females; SAQ, 

Severe Asthma Questionnaire; IQR, interquartile range; CI, confidence interval; SD, standard deviation; OCS, oral corticosteroids; RCT, Randomised Control Trial. *Only external 

validation data was used for analysis as it was performed in a study with biologics. 

 

 



 
 
 

Table S7. Risk of bias assessment. 

 ASSESS 7 
 

CASI8* 
 

FEOS9 ASUI10,11 
 

ASI10 
 

ASD12,13 
 

GETE14* SAQ15,20-22** 
 

PROM development I I I D I D I V 

Structural validity          

Internal consistency I   D V    

Cross-cultural validity         

Reliability I   A A   A 

Measurement error I   A A    

Construct validity A   D D  V D 

Responsiveness D V  D A D  D 

ASSESS, Asthma Severity Scoring System; ASUI, Asthma Symptom Utility Index; ASI, Asthma Symptom Index; ASD, Asthma Symptom Diary; CASI, Composite Asthma Severity 

Index; GETE, Global Evaluation of Treatment Effectiveness; FEOS, FEV1, Exacerbations, Oral Corticosteroids, Symptoms Score; SAQ, Severe Asthma Questionnaire. *Only 

external validation data was used for analysis as it was performed in a study with biologics. Risk of bias in individual studies was investigated using the COSMIN checklist for 

PROMs2,3 and composite outcome measures (COSMIN RoB for non-PROMs)4. V= very good; A = adequate; D = doubtful; I = inadequate.  ** SAQ is based on a formative model; 

therefore, there was no need to investigate the internal consistency. Empty cells indicate that the measurement property was not investigated. 
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