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Introduction: To date, there is no quality-of-life questionnaire for people with hearing loss based on a multidisciplinary framework. Therefore, this study aimed to develop and validate a comprehensive assessment tool that addresses quality of life in people with hearing loss who use a cochlear implant based on the International Classification of Functioning, Disability, and Health (ICF).

Methods: In a first step, the Quality of Life in People with Hearing Loss Questionnaire (HL-QoL) was developed and tested for face validity. In a second step, the HL-QoL was evaluated and validated. In a third step, the HL-QoL was finalized based on the outcomes of the evaluation and validation.

Results: Eighty-four study participants fully completed the HL-QoL. The result of the test-retest reliability analysis was high and highly significant (n = 63; r = 0.914; p < 0.001). The mean total HL-QoL score (100.7 ± SD 24.58) suggests an overall high level of quality-of-life in this sample of people with hearing loss using a cochlear implant. The final version of the HL-QoL contains 21 items.

Conclusion: The HL-QoL has shown to be a valid and reliable tool to assess quality of life in people with hearing loss who use a cochlear implant. In addition to the total score, it is possible to calculate subscales based on the ICF components Body Functions and Activities and Participation.
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1. Introduction

The WHO defines health as “a state of complete physical, mental, and social wellbeing, not merely the absence of disease […]” (WHO). Consequently, the measurement of an individual's health and the effect of health care shall include two things: First, the changes in the frequency and severity of diseases, and second the improvement in health-related quality of life (QoL). WHO states that QoL is “an individual's perception of their position in life in the context of the culture and value systems in which they live and in relation to their goals, expectations, standards, and concerns” (WHO). QoL in the context of this research approach focuses on the health-related QoL, i.e., a multi-dimensional concept that includes domains related to physical, mental, emotional, and social functioning (Saikia, 2018). This can be obtained via general QoL measures which allow to compare treatment effectiveness and quality-adjusted life years across different diseases [e.g., the effect of a pacemaker compared to a cochlear implant (CI)], and disease-specific QoL measures that focus on a certain patient population [e.g., people with hearing loss (HL), CI recipients], or a certain indication [e.g., people with single-sided deafness (SSD)]. Patient-reported outcomes have gained in importance and attention in general (Mercieca-Bebber et al., 2018; Holch et al., 2020) and the acceptance of patient-reported QoL outcomes has increased in particular (Doward et al., 2010; Bansal et al., 2015; Squitieri et al., 2017; Rivera et al., 2019; Rudolph et al., 2019).

Hearing implants are a common treatment for HL of different degrees and with different indications. A widely-known and well-accepted treatment for people with severe to profound sensorineural HL is a CI (Lachowska et al., 2014; Ramos Macias et al., 2015).

Different disease-specific measures have been developed and are used to investigate the impact of HL and the benefits people get from hearing aid or hearing implant treatment across various indications (Newman et al., 1996; Hinderink et al., 2000; Gatehouse and Noble, 2004; Kompis et al., 2011; Umansky et al., 2011; Noble et al., 2013; Ambert-Dahan et al., 2018). However, disease-specific measures for people with HL like the Speech, Spatial and Qualities of Hearing Scale (SSQ, Gatehouse and Noble, 2004; Noble et al., 2013) strongly focus on hearing abilities (i.e., hearing performance) in everyday listening situations, hence they mainly focus on what an individual can hear or on the quality of hearing, or more specifically on sound quality, such as the Hearing Implant Sound Quality Index (HISQUI19, Amann and Anderson, 2014). Only few questionnaires focus on how HL impacts someone's QoL (e.g., the International Outcome Inventory for Hearing Aids (IOI-HA) and the Abbreviated Profile of Hearing Aid Benefit (APHAB); (Cox and Alexander, 1995; Aiello and Ferrari, 2011). However, these questionnaires were mainly developed for hearing aid users, not for CI or other hearing implant users (Cox and Alexander, 1995, 2002; Gatehouse, 1999). The APHAB questionnaire (Cox and Alexander, 1995) has been called the gold standard to address communication issues with and without the use of a hearing aid but has also been criticized as follows: the scoring system is rather complex; some items are formulated in a complex way; if the questionnaire has not been fully completed, the scores are not calculated according to the number of questions answered as the calculation does not consider missing answers and it has been claimed that it does not shed light on the impact of HL on the individual's QoL (Ambert-Dahan et al., 2018). The most widely used questionnaire in the CI field is the Nijmegen Cochlear Implant Questionnaire (NCIQ) (Hinderink et al., 2000). It was particularly developed for assessing QoL in CI users. However, it is not always easy to use in the clinical practice because it is rather long (60 items), i.e., it can be time-consuming and effortful to complete (particularly for the elderly). Moreover, all items focus on hearing abilities or problems in different listening situations rather than on QoL. Also, the authors did not perform a complete validation of all subdomains (Hinderink et al., 2000; Ambert-Dahan et al., 2018). Lastly, its items were formulated more than 20 years ago and may thus no longer comply with current expectations and outcomes in CI recipients. According to our literature review, there are two recently developed QoL questionnaires for people with HL. (1) The Évaluation du Retentissement de la Surdité chez l'Adulte, ERSA (Ambert-Dahan et al., 2018). The ERSA includes four sub-scores: QoL, personal life, occupational life, and social life. (2) The Cochlear Implant Quality of Life (CIQOL) (McRackan et al., 2019, 2021). Its 35 items are grouped to 6 domains (communication, emotional, entertainment, environment, listening effort, and social).

However, to date, there (1) is no (international) consensus on which QoL questionnaire(s) are the most appropriate ones to use in both research and clinical practice for CI outcome evaluation (Andries et al., 2020, 2022a; Lassaletta et al., 2022). (2) Our intention was to develop a new viable tool based on an internationally accepted multidisciplinary framework – the International Classification of Functioning, Disability, and Health (ICF) model created by the WHO (https://www.who.int/standards/classifications/international-classification-of-functioning-disability-and-health). HL affects people's life in a multidimensional way and hence a multidisciplinary setting is needed to address their health care needs. To our knowledge, none of the questionnaires currently available is based on a multidisciplinary framework. A shared framework across interprofessional communication and collaboration would be beneficial to the improvement of healthcare. The ICF model may serve as such a framework. This classification model describes an individual's health status and functional capacity (body functions, activities, participation) and disability (impairment, activity limitations, participation limitations). To facilitate the use of the classification model in clinical practice, lists of ICF categories for HL, a “Brief ICF Core Set” and a “Comprehensive ICF Core Set” were developed (Danermark et al., 2013; Granberg et al., 2014a,b). The “Brief ICF Core Set” is a list of ICF categories that serves as a minimum data set that can be reported in any clinical study to provide a standardized description of individuals' experience of HL. The “Comprehensive ICF Core Set” is a list of ICF categories that includes as few categories as possible to make it easy to use, but as many as necessary to describe the typical spectrum of functional problems of individuals with HL in a comprehensive, multidisciplinary assessment. The ICF core sets should help clinicians better address both hearing loss and its consequences.

Based on the “Comprehensive ICF core set for hearing loss”, an international group of CI experts (Andries et al., 2022a,b) recently defined an ICF-based CI outcome assessment protocol for selected questionnaires, pure tone audiometry, speech audiometry, and localization to provide a comprehensive description and measurement of CI outcomes worldwide. The usefulness of the ICF for the categorization of results and framing of questionnaires in a larger concept within the field of HL and CI treatment is shown by two recent publications; (1) the ICF framework was used to categorize individuals according to their localization performance into one of five categories based on the severity of impairment to provide a clearer understanding of the degree of the sound localization impairment (Mertens et al., 2022) and (2) the Work Rehabilitation Questionnaire (WORQ), also based on the ICF, was revised and shortened to focus on items which are relevant to CI users (Andries et al., 2022a).

We aimed to develop and validate a new comprehensive assessment tool that addresses QoL in people with HL who use a CI. The tool should be able to assess the impact of HL on a person's life holistically and the questionnaire should be easy to administer (i.e., short, patient-reported). In a first step, the Quality of Life in People with Hearing Loss Questionnaire (HL-QoL) was developed and tested for face validity. In a second step, the HL-QoL was evaluated and validated. In a third step, the HL-QoL was finalized based on the outcomes of the evaluation and validation.

The following paragraphs describe the development of the initial version of the HL-QoL, the evaluation and validation of the HL-QoL through a longitudinal study, and the final version of the HL-QoL. The selected items were then linked to the biopsychosocial conceptual framework of the International Classification of Functioning, Disability and Health (WHO/ICF). This study focused on adult CI users.



2. Material and methods


2.1. Generating the “quality of life in people with hearing loss questionnaire (HL-QOL)”

First, existing scales were reviewed. A particular focus was placed on the NCIQ (Hinderink et al., 2000) because it is widely used in the field. The principal aim of a questionnaire in research is to obtain relevant information with the highest possible level of reliability and validity. Therefore, an expert panel (i.e., psychologists, audiologists, speech and language specialists) reviewed items especially from the NCIQ to determine whether they met current standards of CI outcome and latest concepts of QoL and discussed issues that arise during sessions with a rehabilitation specialist before and after CI treatment. Some items were formulated based on aspects and situations described in existing items. Other items describe situations and aspects of HL which have not yet been considered in existing QoL measures for people with HL. The items were then reviewed and finalized by a language professional with a degree in translation and interpretation and a career as senior medical writer to have clearly formulated items in lay language to ensure that all items are understandable to all study participants. This preliminary set of questions was tested for face validity in 11 CI users (Taherdoost, 2016). Based on their feedback, the questions were thoroughly reviewed and adapted, and the initial questionnaire version was created.

The initial questionnaire version consisted of 23 items on a 7-point Likert scale ranging from always (1) to never (7). Participants could tick the answer option “not applicable” (n/a) if the statement did not apply. If a question was not answered or the answer was “not applicable” (n/a) that question was treated as missing value. The maximum number of missing answers allowed per person is two items for the total score, and one item for the subscale analyses. The HL-QoL total score was obtained by adding the numerical values of all items. Likewise, the subscales scores are the sum of all items of each subscale. The higher the total score or the subscale score, the higher the perceived QoL benefit.



2.2. Further test material

The newly developed HL-QOL questionnaire was compared to the NCIQ.

The NCIQ is a disease-specific QoL questionnaire which distinguishes three general domains: physical, psychological, and social functioning. These three domains are further split into six subdomains. The physical domain is divided into basic sound perception (1), advanced sound perception (2), and speech production (3). The psychological domain consists of only one subdomain: self-esteem (4). The social domain is divided into activity (5) and social interaction (6). Items can be answered on a five-point response scale ranging from “never” to “always” or “no” to “good”. If a statement does not apply to a participant, they can tick the answer “not applicable” (n/a). Total scores range from 0 (very poor) to 100 (optimal). As the NCIQ is an accepted and widely used questionnaire, the NCIQ total score and the HL-QoL total score were correlated to examine the criterion validity (see Section 2.5.3).



2.3. Participants

One hundred twenty-three CI users from the Hannover Medical School were enrolled in this study. The surveys were completed between June and October 2022. For the validation analyses, we only included participants who fully completed the questionnaires, see Section 3.1 for details on the participants included and their demographic data.

This study was conducted according to the principles of the Declaration of Helsinki. The study was reviewed and approved by the Ethics Committee at the Hannover Medical School (No. 10322_BO_K_2022). Participants participated voluntarily in the study.



2.4. Procedure

Participants were asked to complete the HL-QoL questionnaire and the NCIQ (Hinderink et al., 2000). Participants were also asked to complete the HL-QoL questionnaire a second time within 2 to 4 weeks after their first completion.



2.5. Statistical methods

The psychometric characteristics of the HL-QoL items were examined based on the classical test theory model (Crocker and Algina, 1986; Rust and Golombok, 2000). Missing data was treated as “missing values”. The maximum number of incomplete answers allowed per participant was set to two items for the HL-QoL and three items per domain for the NCIQ. In case of more missing items, the participant's responses were excluded from the validation analyses.

IBM SPSS Statistics Version 25 (IBM, Armonk, New York, US) was used for all statistical analyses. The significance level was set to p ≤ 0.05. The Kolmogorov-Smirnov test and the Shapiro-Wilk test were used beforehand to check the data distribution. If both tests confirmed that the data were normally distributed, parametric statistical methods were applied. Otherwise, non-parametric statistical methods were applied.


2.5.1. Item analyses

The item difficulty index and the item discrimination were examined to confirm the selected items for the final version of the questionnaire. The difficulty index shows the proportion of respondents who agreed with the statement. An item difficulty from 0.5 to 0.7 reflects a balanced mix between respondents who agreed to the statement vs. those who disagreed; item difficulty from 0.7 to 0.9 reflects that more respondents agreed to the statement compared to those who disagreed; and an item difficulty from 0.9 to 1.0 reflects that the statement was agreed by most respondents and hence the item might not differentiate enough. A difficulty index between p = 0.3 and p = 0.9 is deemed to be satisfactory (Ebel and Frisbie, 1986).

Item discrimination reflects the extent to which the individual items correlated with the total score. The more single items correlated with the total score and the lower the variability of these correlations, the higher the item homogeneity (Adkins Wood, 1960). These relationships are described by the item discrimination index. In terms of discrimination index, a value of 0.5 or higher is considered satisfactory (Ebel and Frisbie, 1986).



2.5.2. Reliability

The scale's internal consistency (reliability) was tested using Cronbach's alpha. Guttman‘s split-half-coefficient was calculated to estimate the full test reliability of the questionnaire. Typically, a score of 0.7 or above is considered an acceptable level for internal consistency. A value of α = 0.96 indicates very high internal consistency (Cronbach, 1951; Nunnally, 1978).

Test-Retest reliability shows how likely it is that a participant would obtain the same score if they took the test again. According to Kelley (1939), a coefficient between 0.80 and 0.90 is very good, and 0.90 or above is excellent, whereas a coefficient of 0.50 or below has questionable reliability.



2.5.3. Validity

Principal component analysis (PCA) was performed to model the inter-relationships among the items, and to check the underlying factor structure of the items (Bortz, 2005). A fixed number of three (3) factors was chosen, as the factor loadings clearly show which item contributes to which factor. Items loading moderately and highly on a factor (≥0.40) were retained. The oblique rotation method “Promax” was chosen because component values were ± >0.32 indicating that factors are correlated. To test the suitability of the items for factor analysis, the Kaiser-Meyer-Olkin (KMO) test (Kaiser and Rice, 1974), and the Bartlett test of sphericity were performed as measures of sampling adequacy.

As an additional approach, the relationship between items (intra-item correlation) was also examined using Pearson correlation.

For the criterion validity, the total score of the HL-QoL was correlated with the total score of the NCIQ. In the original validation paper of Hinderink et al. (2000), however, only (sub)domains were calculated for the NCIQ; a total score can also be calculated as described in several studies (Hirschfelder et al., 2008; Muigg et al., 2019; Vasil et al., 2020; Illg et al., 2022; Rasmussen et al., 2022) and questionnaire validations (Sanchez-Cuadrado et al., 2015; McRackan et al., 2021).





3. Results


3.1. Participants

Eighty-four participants (48 female, 35 male, 0 diverse, 1 missing entry) with a mean age of 56.2 years (range: 22–80, SD 13.1 years) were included in the HL-QoL test validation (i.e., first HL-QoL questionnaire fully completed). 39 (32%) of the enrolled study participants did not fully complete the questionnaire.

Most participants stated that they used their audio processor 9 or more hours per day. Audio processors used included OPUS 2, RONDO, RONDO 2, RONDO 3, SONNET, SONNET 2. Further information is shown in Table 1.


TABLE 1 Participant characteristics.

[image: Table 1]

Sixty-three participants (those who fully completed the first and second HL-QoL questionnaire) were included for the test-retest reliability. Seventy-four participants (those who fully completed the NCIQ and the first HL-QoL) were included in the criterion validity analysis.



3.2. Questionnaire results

The mean total HL-QOL score of the 84 fully completed questionnaires was 100.7 points (±SD 24.58, range 21–147). The total score was divided into five categories: very poor, poor, moderate, high, and very high self-perceived QoL benefit. Nobody reported a very poor QoL (0- < 30). Five participants (6.0%) reported a poor QoL benefit (≥30 to < 60 points), 22 participants (26.2%) reported a moderate QoL benefit (≥60 to < 90 points), 37 participants (44%) reported a high QoL benefit (≥90 to < 120 points), and 20 participants (23.8%) reported a very high QoL benefit (≥120 to 147 points).

Seventy-four participants completed the NCIQ (the NCIQ outcomes of 10 participants were excluded because of too many missing answers). The mean total score was 69.4 (SD ± 13.6). Table 2 shows the descriptive results of the NCIQ total score and the subdomains.


TABLE 2 NCIQ descriptive results.

[image: Table 2]



3.3. Item analysis

The distribution of the responses indicated that participants generally used the full range of answer options. Means ranged from 3.7 to 6.4 with an average deviation of ~1.6. No ceiling effects were detected, except for items 9 (41.7%), 14 (51.2%), and 19 (42.9%); no floor effects were identified.

For the HL-QoL, the item difficulty index ranged from 0.36 to 0.88 (see Table 3 for details) which reflects a balanced mix between agreement and disagreement to an item. For the HL-QoL items, the discrimination index was satisfying and ranged from 0.508 to 0.867 for 20 out of 23 items (see Table 3 for details). Items 14 and 19 had an index of 0.373 and 0.465 (see more information on excluding these items in the Section 4). We kept item 21 which had an index of 0.497 because it almost reached a good discrimination index of 0.5 and above.


TABLE 3 Reliability analyses of the HL-QOL.

[image: Table 3]



3.4. Reliability

The questionnaire has a high reliability with high internal consistency (Cronbach's α, 0.956; Guttman's split-half-coefficient, 0.909).

The result of the test-retest reliability analysis was high and highly significant (n = 63; r = 0.914; p < 0.001).



3.5. Validity
 
3.5.1. Construct validity and ICF categories

Results of the KMO test (KMO test result: 0.812), and the Bartlett test of sphericity (c2 = 895.572, df = 253, p < 0.001) confirmed that the items were appropriate for an exploratory factor analysis procedure (Kaiser and Rice, 1974). The 23 items loaded mainly on the first three factors which explained 66.7 % of the total variance. While 19 items loaded highly on factor 1 and on factor 2, items 9 and 21 loaded mainly on factor 2. Items 14 and 19 loaded mainly on factor 3 (see Table 4 for details).


TABLE 4 Factor pattern matrix for the initial HL-QOL 23-item version* (items listed according to their ICF content).

[image: Table 4]

Referring to the QoL concept of the International Classification of Functioning, Disability, and Health (ICF), those 19 items that loaded highly on factor 1 and factor 2 could be linked to the component Functioning and Disability: eight items could be linked to one or two ICF categories within the component Body Functions assessing possible impairments in “energy and drive functions, attention functions, emotional functions, and voice and speech functions” (see Table 5). 11 items could be linked to one or more ICF categories within the component Activities and Participation, such as “learning and applying knowledge, communication, mobility, relationships, and social life” (see Table 6).


TABLE 5 Body functions (B) matrix (final questionnaire version with 21 items).

[image: Table 5]


TABLE 6 Activities and participation (D) matrix (final questionnaire version with 21 items).

[image: Table 6]

Items 9 and 21 that loaded only on factor 2 could be linked to “e4 attitudes”, an ICF domain that belong to the component Environmental Factors part of the Contextual Factors of the classification (Table 7).


TABLE 7 Environmental functions (E) matrix (final questionnaire version with 21 items).

[image: Table 7]

Items 14 and 19 loaded on factor 3, but could not be assigned to any other item or to any ICF domain, and in addition did not obtain good item analysis results. Items 14 and 19 were therefore excluded from the final questionnaire version (see Section 4). This resulted in a reduction of the 3-factor solution, to a 2-factor solution and a 21 item version of the questionnaire. The 2-factor solution adequately captured the underlying structure and the items loaded clearly on the 2 factors based on their content (see Tables 4, 8).


TABLE 8 Reliability results and total variance explained compared when all 23 items are included to when items 14 and 19 are excluded.

[image: Table 8]

Three HL-QoL items that could be linked to ICF categories from the ICF Core Set could also be linked to another ICF category that is not explicitly included in the ICF Core Set but belongs to the same ICF domain: Item 10 was linked to d175 “Solving Problems” which is included in the ICF Core Set, but this item could also be linked to d177 “Making decisions” which is not included in the ICF Core Set, but is present in the same ICF domain d1 “Learning and applying knowledge”, or could even be seen as a coping strategy, which is a Personal Factor (PF) but has not yet been developed by the WHO. Item 6 was linked to d240 “Handling stress and other demands” but could also be linked to d230 “Carrying out daily routine” within the same ICF domain, d2 “General tasks and demands”. Item 2 was linked to d470 “Using transportation” which is included in the ICF Core Set but could also be linked to d460 “Moving around in different locations” which is not included in the ICF Core Set but is present in the same ICF domain d4 “Mobility”.



3.5.2. Intra-item correlations

Overall, the items were positively and significantly inter-correlated (Pearson correlation: p < 0.001 to p = 0.036). However, item 21 did not significantly correlate with item 2 (p = 0.053) and item 18 (p = 0.067). Items 14 and 19 did not significantly correlate with 16 items (items 1, 2, 3, 5, 6, 7, 9, 10, 11, 12, 13, 14, 16, 17, 18, and 21; p = 0.086–0.883).



3.5.3. Criterion validity

A significant correlation between the total HL-QoL score and the total NCIQ score was observed (n = 74; r = 0.866; p < 0.001), which shows high criterion validity of the newly developed QoL questionnaire. Significant correlations (Pearson correlation) were also found between the ICF components Body Functions (BF) and Activities and Participation (AandP), and appropriate NCIQ subdomains.




3.6. Analyses of potential influencing variables on the total HL-QoL score

We investigated age, gender, and wearing time of the audio-processor as potential variables influencing HL-QoL. No significant correlation was found between the total HL-QoL score and age (Pearson correlation: r = 0.059; p = 0.596). When stratified for age (< 60 yrs. vs. ≥60 yrs.), the relationship between the total HL-QoL score and age remained non-significant (independent samples t-test: t = −644; df = 82; p = 0.522). Gender did not influence self-perceived QoL (independent samples t-test: t = 1.537; df = 81; p = 0.128). Wearing time of the audio processor did not have a significant effect on QoL (left ear: ANOVA: F = 1.933; df = 4; p = 0.118; right ear: ANOVA: F = 2.328; df = 2; p = 0.107).




4. Discussion

The aim of the present study was to develop and validate a short and user-friendly QoL questionnaire for individuals with a HL who use a CI. Results from 84 CI users showed that the HL-QoL is a valid and reliable tool to assess QoL. With only 21 items in its final version, the questionnaire is not only quick and easy to complete but can also be easily integrated in clinical routine aftercare. Scoring is straightforward (i.e., 7-point Likert scaling, no reversed items, one total score). The items were linked to the ICF model taking the multidimensional and multidisciplinary setting of HL and its treatment into account. Unlike many published questionnaires, the items are not limited to the ability to hear or to the quality of hearing. The questionnaire provides a holistic perspective on how HL can impact an individual's QoL. Based on the ICF model, the questionnaire may facilitate interdisciplinary exchange and communication within the team of professionals involved in an individual's treatment. Together with other standards and questionnaires using the ICF model (Granberg et al., 2014a; van Leeuwen et al., 2020; Andries et al., 2022b; Mertens et al., 2022), we want to contribute toward standardized measurement and reporting in the field of HL and CI treatment.

Two items which were neither related to any other items, nor to any ICF domain, did not obtain good item analyses results, and loaded separately on the third factor were excluded. For the 21 items of the final questionnaire version, item analyses results were satisfying. Internal consistency and repeatability across time was acceptable (see Table 8). The remaining items explained 58.8% of the total variance (see Tables 4, 8). Validation results and the strong spread of the total score results show that the HL-QoL is sensitive enough to depict self-perceived QoL benefit in participants with a HL who use a CI.

We linked the selected items to the biopsychosocial conceptual framework of the WHO, the ICF classification model, as this classification describes an individual's health status and functional capacity (body functions, activities, participation) and disability (impairment, activity limitations, participation limitations). The selected items particularly covered the components Body Functions and Activities and Participation, and additionally the component Environmental Factors. Selected ICF categories of the component Body Functions can be used to describe potential impairments of people with HL. The component Activities and Participation shows limitations or difficulties that an individual with HL may have when performing tasks in different daily life situations. The component Environmental Factors reflects the general or specific opinions and beliefs of others about an individual with HL that may reflect as a barrier either through presence (for example, negative attitudes toward people with disabilities) or absence (for example, the unavailability of a needed service).

The study also confirmed that the obtained ICF categories were all included in the “Comprehensive ICF Core Set for Hearing Loss”, a list of ICF categories to facilitate the use of the classification model in clinical practice in people with HL within the framework of a comprehensive and multidisciplinary assessment (Danermark et al., 2013; Granberg et al., 2014a,b).

The criterion validity of the HL-QoL was confirmed by correlating its total score with the NCIQ, one of the most frequently used QoL questionnaires in the field of CIs. The mean NCIQ total score obtained from our sample resembles those reported in the literature, suggesting our sample to be representative (Hirschfelder et al., 2008; Vasil et al., 2020; Rasmussen et al., 2022).


4.1. Study limitations

Improved speech perception in noise can have an impact on QoL. However, there is conflicting evidence in the literature as to whether and how strongly QoL measures and speech perception outcomes correlate (or not) with each other (McRackan et al., 2018). It is difficult to correlate disability which depends strongly on environmental and personal factors with a quantitative assessment of deficit (Ambert-Dahan et al., 2018), especially as speech perception tests are performed in a standardized way and an audiologic booth hardly resembles hearing in everyday situations (Lassaletta et al., 2022). Therefore, we did not evaluate speech perception outcomes in this study.

Further research will evaluate the questionnaire's sensitivity to CI and hearing aid treatment and investigate its validity in different languages and settings.




5. Conclusion

The new HL-QoL questionnaire provides a holistic perspective on how HL can impact an individual's QoL. The questionnaire is based on the ICF model. Hence, it enables interdisciplinary exchange and communication within the team of professionals involved in an individual's treatment.

According to our validation analyses, the total HL-QoL score clearly and reliably represents the concept of QoL. The HL-QoL has shown to be a valid and reliable tool to assess QoL in people with hearing loss who use a CI. In addition to the total score, it is possible to calculate subscales based on the ICF components Body Functions. This may be beneficial to patient counseling, (re)habilitation, or specific research.

The final version of the HL-QoL contains 21 items. The mean total HL-QoL score (100.7 ± SD 24.58) and the mean NCIQ score (69.4, SD ± 13.6) suggest an overall high QoL benefit in our sample of people with HL using a CI.
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