
Abstract
Introduction: There is an increased demand for well-validated PROMs in otology. This study will systematically assess the methodological quality of all published patient-reported outcome measures (PROMS) for patients with multiple ear complaints and to identify the best suitable PROM for use by clinicians treating patients with multiple  ear complaints. 
Methods: An extensive systematic mapping review on all otology questionnaires was performed to identify questionnaires measuring multiple ear complaints. The ‘Consensus‐based standards for the selection of health measurement Instruments’ (COSMIN) checklists were  used to evaluate the quality of the questionnaire by two researchers. The worst item score per aspect of the methodological assessment counted. 
Results: Twelve multiple complaint questionnaires were included in the study for quality assessment. Ten questionnaires were disease specific (COMQ-12, CES, ZCMEI-21, MD-POSI, PAN-QOL, ETDQ-7, MDOQ, GYSSCDQ, COMOT-15 and DEU-MDDS). Two questionnaires were ear domain specific (OQUA and COQOL). The majority of multiple complaint questionnaires lacked good design with concept elicitation and patient involvement. 
Conclusion: For the majority of questionnaires, the quality assessment was inadequate as only a few authors consulted with patients affected by the complaints in the development. Modifications of earlier versions of PROMS or combinations of multiple questionnaires lead to ongoing (cross-cultural) validation of these questionnaires albeit the mediocre design and validation. The two domain specific questionnaires are the COQOL and OQUA, both with adequate quality but different focus. COOQL to quantify the quality of life and OQUA to measure and evaluate severity and impact of ear complaints. 

[bookmark: _GoBack]Keypoints: This work will facilitate choosing the best ear questionnaire. If implementation of a PROM is considered the authors advise to have a critical look at the design of the questionnaire. Modifications of earlier versions of PROMS or combinations of multiple questionnaires lead to ongoing (cross-cultural) validation of questionnaires albeit the potential mediocre design and validation. Most disease specific questionnaires cover Chronic Otitis Media. The two ear domain specific questionnaires are the COQOL and OQUA, both with adequate quality but different focus. 











Introduction:
The high prevalence of ear complaints, the call for shared decision making and need to evaluate and improve our treatment modalities in a way to value our health care, have contributed to a rising interest in Patient Reported Outcome Measures (PROMs). A PROM can be used as an essential tool next to clinical outcomes and elemental in Value Based Health Care.
The patient perspective is a subjective outcome and does not necessarily correlate with more objective (often clinical) outcomes. (e.g. audiometric results vs. perceived hearing disability). Two persons with identical functional and anatomical disease activity may report different degrees of disability or influence on participation in society (1).

Success of a PROM is dependent on the type and quality of the questionnaire. A symptom or disease specific PROM has high specificity, but is not applicable in a broad population. A generic PROM  has high applicability but low specificity. A Domain specific PROM should have intermediate to high specificity and be applicable in a broad population. This is thought to be important in otology, as many patients with ear diseases have more than one complaint and the variety of diagnosis is wide. 
It can be challenging for the clinician to choose which PROM to use in daily practise. Questionnaire selection is often guided by prior experiences, or by copying from the work of peers and the most suitable questionnaire for the patient in its specific situation is not always selected (2).
The objective of this study is to identify and systematically assess all validated closed-ended multiple complaint questionnaires in the literature and published in the English language for adults covering more than one ear complaints. The secondary objective is to create an comprehensive overview of questionnaires and their clinimetric assessment. This will facilitate the selection of questionnaires by caregivers.
Methods & Materials
The COnsensus‐based Standards for the selection of health Measurement Instruments (COSMIN) initiative has written an extensive manual for selection and assessment and checklists for individual PROMS and systematic reviews on PROMS. (3)

An extensive systematic mapping review on all otology questionnaires up until August 26, 2019 was conducted by Viergever et al.(4) The search to this review was repeated on the 28th of April 2021 and conducted to identify English-language, peer-reviewed journal articles published between 2000 and the April 2021

Search and article selection
Inclusion and exclusion criteria used for the assessment of questionnaire eligibility are listed in Table 1. We specifically wanted to evaluate questionnaires in adult patients that are not reported by proxy respondents and that address more than one ear complaint.
Assessment of Methodological Quality of included studies
The assessment of the questionnaires was done by the first (JK) and last (DP) author independently. One questionnaire at a time was assessed. All differences in assessment were discussed in detail after which agreement was reached in all cases.
The COSMIN methodology for systematic reviews of Patient‐Reported Outcome Measures (PROMS) and Risk of bias checklist were used to assess the methodological quality of each study. Studies were stratified as having very good (V), adequate (A), doubtful (D) or inadequate (I) methodological quality. If there was no data available about an item or f it was not performed, we assessed it as not available (NA)
All questionnaires were assessed on general design and concept elicitation; content validity (CV); Internal structure with its structural validity, internal consistency (Cronbach’s Alfa) and cross-cultural validity; (test-retest) reliability; measurement error; criterion validity; hypothesis testing for construct validity and responsiveness; Interpretability assessing distribution scores, missing items, floor and ceiling effects, scores and change scores, minimal important change or –difference scores (MIC or MID) and feasibility 

Results
The systematic mapping review on all otology questionnaires was conducted in an earlier stage by Viergever et al. This mapping review identified 155 unique otology questionnaires. The additional search performed on the 27th of April 2021 resulted in one additional multiple complaint ear PROM. The mapping review and of the repeated search thus revealed 16 multiple complaint questionnaires. Four out of these sixteen questionnaires were not eligible for methodological assessment and excluded. The CEDRA(5), SOFI(6) and The dizziness symptom profile(7) questionnaire were excluded because difference in overall design. The Dizziness, tinnitus and taste disturbances questionnaire (8) was excluded since this was developed for persons with a cochlear implant. 
The development paper of the included COMOT-15(9) was in German language, and although a non-English development paper was an exclusion criteria, this questionnaire was included. This inclusion was deemed necessary to assess the ZCMEI-21 which is developed based on de COMOT-15 and CES. 
After this large mapping review eventually twelve questionnaires were eligible for quality assessment. 
The included questionnaires and their basis characteristics are listed in table 2. Ten out of twelve questionnaire were disease specific, developed for either Eustachian tube dysfunction(10), Acoustic Neuroma(11), Meniere’s disease(12-14), Semi-circular canal dehiscence(15) or Chronic Otitis Media(9, 16-18). The other two questionnaire were more ear domain specific and considered as potentially useful for any patient with one or more ear-complaints presenting at the ENT surgeon. All but one questionnaires were developed, translated or cross-cultural validated in the English language. The number of items in the questionnaires varies between 7 (EDTQ-7)(10) and 68 items (Gopen-Yang Superior Semi-circular Canal Dehiscence Questionnaire)(15). 
The number of subscales of the questionnaires varied between three and nine. Most of the subscales were based on the different complaints, but impact, use of medical resources and a more general subscale were mentioned as well.  

PROM design
Total PROM design was assessed as ‘inadequate’ in eight out of twelve questionnaires. The most frequent reason for this unsatisfactory result was development of the questions without consulting the patients affected by the complaint or disease. The other four questionnaires scored an adequate score and are the COQOL(19), ETDQ-7(10), OQUA(20) and ZCMEI(17). The ETDQ-7 and ZCMEI(17) are disease specific questionnaires whereas the other two are more generic otology questionnaires. The complete assessment leading to these score is listed in supplement 1.
Content validity
Content Validity scores are listed in Table 3. The GYSSCDQ(15) is based on other validated questionnaires, for this reason relevance, comprehensiveness and comprehensibility was adapted from ‘inadequate’ to doubtful in the assessment of content validity. The COMQ-12 and ZCMEI-21 are also based on other questionnaires (CES and COMOT-15), but since the content validity of these questionnaires is inadequate, the assessment of ZCMEI-21 and COMQ-12 was also inadequate. 
Six studies performed a pilot test and made adaptations to their first version of the questionnaire.  Six questionnaires did not perform a pilot test. This often resulted in using their first and only version of the questionnaire in the study population. The complete assessment leading to these score is listed in supplement 2.
Internal structure 
Structural validity is a parameter that can only be performed if the PROM is based on a reflective model. Most of the studies do not elaborate on this. If a formative model is used or if the model is not mentioned, then an exploratory factor analysis (EFA) is best applicable. A confirmatory factor analysis (CFA) can thus only be performed if the questionnaire is designed is based on a reflective model. There are no included studies describing a confirmatory factor analysis accept for the OQUA(20). This study is multidimensional and has a CFA for the impact questions only, they describe an EFA for the rest of the questionnaire of which the design model is formative. The only other study that elaborates on the EFA is the PAN-QOL(11). The COMQ-12(18) performed a principle component analysis (PCA), EFA and PCA are both variable reduction techniques but differ in their purpose. The structural validity of the COMQ-12 using the PCA was scored ‘very good’.  Four studies scored ‘acceptable’, three scored ‘doubtful’ and two ‘inadequate’. 
Internal consistency was more frequently performed than the structural validity. Five questionnaires scored a ‘Very good’ with an Cronbach’s Alfa > 0.7. Six questionnaires scored ‘Acceptable’ and one ‘Inadequate’. 
Five questionnaires were translated in a different language. The method of translation is often described and acceptable. None of the ‘translations’ were done in interviews with patients and pilot testing for validation in a different population. None of the studies developed their questionnaire using an Item Response Theory (IRT) model.
Remaining properties
Measurement error is part of reliability and important order to interpret the data correctly. A Standard Error of Measurement (SEM), Smallest Detectable Change (SDC) or Limits of Agreement (LoA) was not calculated in any of the studies. Although not mentioning a SEM, SDC or LoA four studies had an ‘Acceptable’ measurement error. Eight studies had ‘Inadequate’ measurement error reporting.
Test-retest is the second part of reliability. Test-retest period varies greatly between the questionnaires ranging from 1-2 days up until 6 months. Eight out of twelve studies  mentioned their Cronbach’s alpha. Cronbach’s alpha varied between 0,761 and 0,91.

Interpretability and feasibility
Distribution of scores and subscores and change scores of all relevant (sub)group were often mentioned in the articles addressing the PROM. The other items of interpretability were often lacking. In specific a minimal important change or -difference was often not calculated or mentioned. Considering these limitations interpretability was scored  ‘doubtful’ in five questionnaires, ‘adequate’ in six questionnaires and ‘very good’ in one questionnaire. None of the questionnaires scored ‘inadequate’. 

For feasibility assessment type and ease of administration and length of the instrument and completion time were best assessed in an objective manner. There was very limited information or no mentioning of the feasibility items. Feasibility was scored ‘doubtful’ in three questionnaires, ‘adequate’ in eight questionnaires and ‘very good’ in one questionnaire. None of the questionnaires scored ‘inadequate’. 

Discussion
This study was designed to evaluate existing patient reported outcome measures with multiple ear complaints. This evaluation should give the ENT surgeon more insight in the available questionnaires and thus facilitate choosing the best questionnaire for their problem or implementation in their hospital . 
Disease specific questionnaire can be less time-consuming and have higher sensitivity. The potential benefits of a more domain specific questionnaire though might be overlooked. With the rising demand of healthcare, the increasingly (cost-)effective interventions based on PROMS can be afforded within limited budgets using just one questionnaire. 

The majority of multiple complaint questionnaires lacked good design with concept elicitation and patient involvement, resulting in ongoing (cross-cultural) validation of questionnaires. This might be a result of missing guidelines for the development of PROMs. The COSMIN reporting guideline is an important step towards being able to assess questionnaires on a higher qualitative level.(21) Due to lack of reporting the details one could doubt the results. After all, an overall score for the assessment of a given measurement property was obtained by taking the lowest score for any of the items (‘worst score counts` method). 
The current standard of questionnaire development by recent guidelines is high. The current level for applying PROMS to individuals though might be considered higher than on group level. Individual assessments require high measurement precision and reliability. Few studies focus on the individual patients and report group level. Multiple factors should be taken into consideration when assessing the outcome of the PROM(22, 23). Group-averaged comparisons cancel out measurement error, but individual PROMS do not. (24)
As the Otology Questionnaire Amsterdam (OQUA) was developed by the first and second author (JK, PM), to avoid conflict of interest the assessment of the OQUA was done by the final author (DP). The final author (DP) was asked to join the research team before the assessment of the questionnaires had begun in order to reduce the risk of bias. Although the assessment is a subjective evaluation, the authors tried to deflect any form of bias as the assessment was done using well defined (COSMIN) criteria agreed upon prior to the start of the evaluations.   
Recommendations & future work
The two domain specific questionnaires are the COQOL and OQUA, both with adequate quality but different focus. COOQL to quantify the quality of life and OQUA to measure and evaluate severity and impact of ear complaints. This work though needs further work on implementation and cross-cultural translation. At this moment, normative data of the OQUA in the general population and the minimal important difference or change value is missing. 
Conclusion
Existing patient reported outcome measures for patients with multiple ear complaints were evaluated. The available questionnaires are summed and scored according to the COSMIN criteria. Two types of multiple complaint questionnaires were identified and assessed; disease specific and ear domain specific. This work will facilitate choosing the best questionnaire for their problem or implementation in their hospital. If implementation of a PROM is considered the authors advise to have a critical look at the design of the questionnaire. As it is of major importance, that besides proper validation, reliability and responsiveness, a PROM is actually measuring the problem you want to measure.   
Modifications of earlier versions of PROMS or combinations of multiple questionnaires lead to ongoing (cross-cultural) validation of questionnaires albeit the potential mediocre design and validation. Most disease specific questionnaires cover Chronic Otitis Media and some are modifications of earlier versions or combinations of multiple questionnaires. The two domain specific questionnaires are the COQOL and OQUA, both with adequate quality but different focus. COOQL to quantify the quality of life and OQUA to measure and evaluate severity and impact of ear complaints 
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