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Abstract

Obijectives: The present study evaluates the items of the Hearing Handicap Inventory for the
Elderly and Hearing Handicap Inventory for Adults (HHIE/A) using Mokken scale analysis, a type
of nonparametric item response theory, and develops updated tools with optimal psychometric
properties.

Design: In a longitudinal study of age-related hearing loss, 1447 adults completed the HHIE/A
and audiometric testing at baseline. Discriminant validity of the emotional consequences and
social/situations effects subscales of the HHIE/A was assessed and nonparametric item response
theory was used to explore dimensionality of the items of the HHIE/A and to refine the scales.

Results: The HHIE/A items form strong unidimensional scales measuring self-perceived hearing
handicap, but with a lack of discriminant validity of the two distinct subscales. Two revised scales,
the 18-item Revised Hearing Handicap Inventory (RHHI) and the 10-item Revised Hearing
Handicap Inventory — Screening (RHHI-S), were developed from the common items of the
original HHIE/A that met the assumptions of Mokken scale analysis. The items on both of the
revised scales can be ordered in terms of increasing difficulty.

Conclusions: The results of the present study suggest that the newly developed RHHI and
RHHI-S are strong unidimensional, clinically informative measures of self-perceived hearing
handicap that can be used for adults of all ages. The real-data example also demonstrated that
Mokken scale analysis is a valuable alternative to classical psychometric analysis.
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INTRODUCTION

It is well-known that hearing loss is one of the most common chronic conditions of aging.
The magnitude of hearing loss is typically evaluated in clinical settings using behavioral
measures such as pure-tone audiometry and speech recognition. However, these tests do not
assess the perceived handicap associated with a hearing loss or effects of hearing loss on an
individual’s quality of life (Ventry & Weinstein 1982). Cross-sectional studies report only
modest associations between perceived hearing handicap and measured clinical outcomes,
suggesting that increased hearing handicap is not completely explained by increased pure-
tone thresholds or reduced speech recognition (e.g. Matthews et al. 1990; Newman et al.
1990; Weinstein & Ventry 1983). In light of the relatively poor predictive value of these
traditional clinical outcome measures, patient-reported outcome measures (PROMs; see
Table 1 for a list of abbreviations), such as self-reported hearing handicap, should be
included as a component in the comprehensive assessment of the functional communication
abilities of individuals with hearing loss. Results of PROMs could also guide decisions on
who may best benefit from interventions with services and technologies.

Developed in 1982 (Ventry & Weinstein), the Hearing Handicap Inventory for the Elderly
(HHIE) was one of the first hearing-related PROMs intended for clinical use. The HHIE has
25 questions, or items, designed to assess self-perceived hearing handicap in older adults on
two subscales, emotional consequences and social/situational effects due to hearing loss. In
1990, Newman et al. developed the Hearing Handicap Inventory for Adults (HHIA) by
modifying three questions of the HHIE that were more specific to older adults and were
substituted with questions that were deemed more appropriate for younger adults (two of
which refer to the workplace). The items comprising the HHIE and HHIA are listed in the
second column of Tables 2 and 3, respectively. Both of the 25-item clinical instruments were
also reduced to 10-item screening tools with 5 items from each subscale (Newman et al.
1991; Ventry & Weinstein 1983). The items comprising the screening versions are denoted
with an asterisk (*) in Tables 2 and 3.

Most hearing-specific PROMs, including the Hearing Handicap Inventory for the Elderly
and Hearing Handicap Inventory for Adults (HHIE/A) and their screening versions, were
developed and validated using traditional psychometric analysis techniques known as
classical test theory (CTT), utilizing methods such as Cronbach’s alpha and factor analysis
(Boeschen Hospers et al. 2016; Newman et al. 1990; Ventry & Weinstein 1982). However,
an assumption of CTT is interval-level measurement of the items, that is the differences
between values is meaningful. The responses of many PROMs are ordered-categorical (for
example: “yes”, “sometimes”, and “no” response categories of the HHIE/A), which violate
the interval-level measurement assumption of CTT.

At the time of the development of the HHIE/A and their screening versions, the internal
consistency of the scales was evaluated using Cronbach’s alpha but the other key
measurement property of PROMs, validity, was not directly assessed. Specifically, despite
extensive use of the HHIE/A in clinical and research settings, no verification was reported
showing that the items underlying the subscales actually identified two distinct underlying,
or latent, constructs. This property, where two conceptually similar constructs are distinct, is
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known as discriminant validity. The reported Pearson correlation between the emotional and
social/situational subscales was high to very high [r=0.87 and r=0.84-0.96 for the HHIE
(Ventry & Weinstein 1982) and HHIA (Newman et al. 1990), respectively] strongly
suggesting that the two subscales do not measure distinct constructs, and that there is a lack
of discriminant validity.

Evidence from exploratory factor analysis (EFA) has suggested that the HHIE may not
resolve into the two defined subscales (Noble et al. 2008). Additionally, EFA of Filipino
translated screening versions of the HHIE/A did not identify the purported subscales
(Sjahalam-King & Newall 2016). However, EFA is a CTT-based method and using it to
explore the dimensionality (the number of subscales represented by the items) is likely to
lead to retention of too many factors or over-dimensionalization (van der Eijk & Rose 2015).
This is true even when using polychoric correlation (a measure of the correlation between
two observed ordered-categorical variables with an assumed latent normal distribution; van
der Eijk & Rose 2015). In this study, we formally evaluate the discriminant validity of the
two defined subscales using the heterotrait-monotrait (HTMT) ratio of polychoric
correlations, which is a method that does not rely on CTT.

Modern psychometric techniques known collectively as item response theory (IRT) are
designed to analyze ordered-categorical responses, such as those in the HHIE/A. Recently,
these psychometric techniques have been used (often in combination with traditional
methods) to develop and validate other hearing-related PROMs (Boeschen Hospers et al.
2016; Chenault et al. 2013; Demorest et al. 2011; Heffernan et al. 2018; Jessen et al. 2018;
McRackan et al. 2018; Mokkink et al. 2010), but have not been applied to HHIE/A. In
addition, dimensionality can be evaluated using Mokken scale analysis (MSA), which
includes tools to evaluate IRT models (Cassarly et al. in press). Dimensionality results
obtained from MSA for ordered-categorical items are more valid than results from EFA (van
der Eijk & Rose 2015). Here, MSA is applied to the HHIE/A to explore dimensionality of
the items and to examine their psychometric properties.

The first goal of the current study is to assess the discriminant validity of the two subscales
of the HHIE/A. The second goal is to explore the dimensionality of the items of the HHIE/A
using MSA. Following the assessment of dimensionality, MSA is used to evaluate and refine
the original scales to construct updated tools.

MATERIALS AND METHODS

Outcome Measures

The outcome measures in the current study are the HHIE/A, which were designed to assess
the effects of hearing loss on two subscales. The first subscale aims to explore the emotional
consequences of hearing loss with 13 items. The second subscale aims to explore social and
situational effects with 12 items. All of the 25 items are measured using an ordered response
with three possible answers: “yes”, “sometimes”, or “no” (indicating either disagreement or
not applicable), which are assigned scores of 4, 2, and 0, respectively. If subjects use hearing
aids, they are instructed to answer as if unaided. The total score ranges from 0 to 100, the
emotional subscale score ranges from 0 to 52, and the social/situational subscale score
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ranges from 0 to 48. Higher scores are indicative of greater perceived handicap. Descriptive
statistics were used to summarize demographic and hearing-related characteristics of the
subjects, as well as the HHIE/A item scores.

Data Sample

The protocols for this study were approved by the Institutional Review Board at the Medical
University of South Carolina (MUSC). Data were obtained from an ongoing longitudinal
study of age-related hearing loss at MUSC. In this study, which began in 1987, adults 18
years of age and older and in good general health are recruited through advertisements and
subject referral. This cohort and the study protocol have been previously described in Lee et
al. (2005), Matthews et al. (1997), and Dubno et al. (1995). Subjects with normal and
impaired hearing who show no evidence of conductive hearing loss, active otologic disease,
or significant cognitive decline are enrolled. Mean pure-tone averages (PTA) of hearing
thresholds at 500, 1000, 2000, and 4000 Hz in the worse of the two ears for enrolled subjects
are presented in Table 4. Subjects undergo a battery of tests, scheduled over the course of 3
to 6 visits, including conventional and extended high-frequency pure-tone air conduction
thresholds, speech recognition measures in quiet and in noise, middle ear measurements,
otoacoustic emissions, auditory brainstem responses, clinical blood chemistries, and a
cognitive test battery. PROMSs and other questionnaires are also completed and include self
and family medical histories, hearing handicap, hearing health history (including noise
history and hearing-aid use), and demographic information (ethnicity/race, sex, education
level, marital status, and occupation). The HHIE/A is administered by paper and pencil to
subjects before they answer any questions about hearing health history and prior to any
audiological testing and knowledge of test results. After the initial test battery is completed,
subjects are scheduled annually to obtain updated demographic information and medical and
hearing health histories, and an audiogram. The full test battery is repeated every 2 to 3
years.

After an amendment to the study protocol in 2015, all subjects are administered a modified
version of the HHIE/A that includes all 28 items from the HHIE and the HHIA, regardless
of subjects’ age. Per the protocol, the HHIE for subjects aged 60 and older at the time of
assessment is scored using the 25 items from the HHIE and the HHIA for subjects who are
less than 60 years old is scored using the 25 HHIA items. Before 2015, the HHIE was
administered to subjects aged 60 years and older and the HHIA was administered to subjects
less than 60 years old. In the years before the HHIA was developed, the HHIE was
administered to all subjects, regardless of age.

A total of 1447 subjects from the study completed the initial test battery, including the
HHIE/A. At the time of completion of the baseline HHIE/A, 1068 subjects were aged 60
years or older and 379 were less than 60 years old. A total of 74 subjects less than 60 years
old completed the HHIE and 4 subjects aged 60 years and older completed the HHIA; these
subjects were excluded from the dimensionality assessment. Thus, the 1064 subjects who
completed the HHIE and the 305 who completed the HHIA were included in the analysis
exploring dimensionality of the scales.
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Psychometric Analysis

The following section introduces the method used to evaluate the discriminant validity of the
original subscales of the HHIE/A in addition to the nonparametric IRT approaches used to
explore dimensionality of the items and reevaluate the scales.

Discriminant Validity: Evaluating the Distinctiveness of the Subscales—The
HTMT ratio of polychoric correlations was used to evaluate the discriminant validity of the
two latent constructs (emotional and social/situational) of the HHIE/A (Henseler et al.
2015). The HTMT is an estimate of the correlation between two constructs and as such,
values that are smaller than one suggest that the two constructs differ. The estimated
correlation between the two constructs includes two types of correlations: a. the correlations
between items from different constructs (i.e. one item from emotional and one item from
social/situational); and b. the correlations between items from the same construct (which can
either be the correlation between two items from emotional or the correlation between two
items from social/situational). The HTMT is an average of correlations of items from
different constructs (described in a.), divided by the average of correlations of items from the
same construct (described in b.). This ratio of average correlations is interpreted as an
estimate of correlation between the two constructs, where values close to one indicate a lack
of discriminant validity. The HTMT can be used as a criterion to assess discriminant validity
by comparing it to a predefined cutoff value. HTMT higher than the cutoff provides
evidence of a lack of discriminant validity. Based on results from simulation studies, a
conservative cutoff of 0.85 was selected for this study (Henseler et al. 2015; Voorhees et al.
2016).

Mokken Scale Analysis (MSA): Reevaluating the Scales—Due to the risk of over-
dimensionalization with EFA, dimensionality of the HHIE/A was explored using IRT.
Nonparametric IRT methods were used because they are more appropriate when the goal is
to explore dimensionality, whereas the more commonly used parametric IRT models (the
Rasch model, for example; Wright & Masters 1982) are used to verify dimensionality
(Sijtsma & Meijer 2006). Another advantage of nonparametric IRT models is that they relax
strong assumptions about the behavior of response probabilities required by parametric IRT
models (Sijtsma & Meijer 2006). In the Rasch model and other parametric models, items
could potentially be discarded because the responses do not fit the assumed form, which is
usually S-shaped (logistic, for example; Stochl et al. 2012).

Two nonparametric IRT models were originally defined by Mokken (1971) for dichotomous
items with two response categories and later extended by Molenaar (1997) for polytomous
items, or items with more than two response categories (like the HHIE/A). The first of these
two Mokken models is the monotone homogeneity model (MHM), which is defined by three
assumptions: unidimensionality, local independence of the items, and monotonicity.
Unidimensionality means that the scale (or subscale) measures a single latent trait (for
example, self-perceived hearing handicap). Local independence means that the items are
conditionally independent if the latent trait is held constant. In other words, only the latent
trait explains why the items are related to each other. Monotonicity means that the
probability of a more extreme response increases as the level of the underlying trait
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increases. Importantly, if the items on a scale meet the assumptions of the MHM, ordering of
subjects with respect to their latent ability using the sum score of observed responses is
justified (Sijtsma & Verweij 1992; van der Ark & Bergsma 2010).

Dimensionality Assessment: MSA includes algorithms for item selection that are
particularly useful when the goal is to explore dimensionality. In this study, we used the
Genetic Algorithm (GA) available from MSA, which considers all possible groupings of
subsets of items and returns unidimensional groups of items (Straat et al. 2013). The item
scalability coefficients, H;, represent how well item /separates subjects relative to other
items (Loevinger 1947). Based on recommendations from MSA experts, items with H;> 0.3
were considered for inclusion. The scalability coefficient for the whole scale, H, represents
how well the scale can order subjects with respect to the latent ability and can be interpreted
as follows: H < 0.3, the scale is not unidimensional; 0.3 < H< 0.4, the scale is weak; 0.4 < H
< 0.5, the scale is medium strength; A= 0.5, the scale is strong (Sijtsma & Molenaar 2002).
Details about the scalability coefficients and item selection algorithms are provided in
Supplemental Digital Content 1.

CTT and IRT methods are often recommended to be used together in psychometric analysis
so confirmatory factor analysis (CFA) of the scales obtained from the MSA was also
performed to examine common fit indices. Because the responses are ordered-categorical,
the CFA was performed using polychoric correlations and a robust estimation technique
(weighted least squares-mean and variance adjusted estimation; Oberski 2014).

Assumption of Local Independence: Local independence was evaluated by examining
residual correlations of a single-factor CFA. Item pairs with residual correlation greater than
0.2 were considered violations of the local independence assumption.

Assumption of Monotonicity: Nonparametric regression of the item scores on the total
score of all of the other items (the “rest score”) were fit and tested for deviations from
monatonicity.

Manifest Invariant Item Ordering (M11O): In addition to dimensionality exploration,
MSA can provide evidence to support another useful result, manifest invariant item ordering
(M110O). MIIO means that the order of items by popularity is the same across different levels
of the latent ability, or that the items can be ordered by their mean score (Ligtvoet et al.
2010; Sijtsma et al. 2011). MO is a useful result because not only can subjects be ordered
with respect to the latent trait, but the total score can also be interpreted as a summary of a
set of symptoms (Sijtsma et al. 2011). With MIIO, it can be said that compared to a subject
with a lower score, a subject with a higher score has the same symptoms plus more. When
MIIO holds, the scalability coefficient, 47 indicates how well subjects order the items
invariantly. The magnitude of the scalability coefficient, 47 can be interpreted as follows:
(H" < 0.3, item ordering is not accurate enough to be useful; 0.3 < H7 < 0.4, items ordered
with low accuracy; 0.4 < H7 < 0.5, items ordered with medium accuracy; 4= 0.5, items
ordered with high accuracy; Ligtvoet et al. 2010). In this study, we used MIIO to investigate
the ordering of the HHIE/A items. Technical details about MI110 can be found in
Supplemental Digital Content 1.
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Cutoff Score Selection—Based on results from the MSA analysis introduced above, we
present two revised scales to assess hearing handicap based on the HHIE/A items. For the
purpose of quantifying self-perceived hearing handicap, cutoff scores that designate
subcategories of handicap (such as mild-to-moderate or significant) are not recommended as
the total score is more informative than arbitrary categorization of self-perceived handicap.
For screening purposes, cutoff scores of the new scales for detecting hearing impairment
were obtained using the receiver operating characteristic (ROC) curve. The ROC curve is a
graphical representation of the true positive rate (sensitivity) against the false positive rate
(1-specificity) for different cutoff values. The cutoff value is reported that maximizes the
Youden Index, which selects the optimal cutoff where sensitivity and specificity are equally
important (Youden 1950). Hearing impairment was defined as the PTA of hearing thresholds
at 500, 1000, 2000, and 4000 Hz > 25 dB HL in the worse of the two ears (Cruickshanks et
al. 1998). Worse ear PTA was used in this definition in order to detect unilateral and
asymmetrical impairment, as well as bilateral impairment. Sensitivity and specificity to
detect hearing impairment were calculated and presented for several cutoff values in tabular
form, as well as in the form of an ROC curve (sensitivity, 1-specificity).

MSA and CFA were performed using the R statistical software (v3.5.1; R Core Team 2018)
and the mokken (van der Ark 2007, 2012) and lavaan (Rosseel 2012) packages. The ROC
curve analysis was generated using SAS software version 9.4 and the %ROCPLOT macro
(SAS 2013).

The demographic and hearing-related characteristics of the subjects at baseline are presented
in Table 4. Overall, subjects who completed the HHIE were more likely to be older and
female. Younger subjects were more likely to be nonwhite and not married. Tables 2 and 3
(columns 3-7) present descriptive statistics about the items on the HHIE and HHIA,
respectively. Missing values were minimal in these data — 2 subjects were each missing a
single item score on the HHIE and 1 subject was missing a single item score on the HHIA.
Missing item scores were imputed using two-way imputation (Sijtsma & van der Ark 2017).
Many items were assigned a response of “0” by high percentages of participants, indicating
either disagreement with the item or not applicable (column 7).

Discriminant Validity

For both the HHIE and HHIA, the HTMT was 0.98, which exceeds the cutoff of 0.85.
Therefore, discriminant validity was not supported and the social and emotional constructs
cannot be adequately distinguished on either scale. Because of the lack of discriminant
validity, all 25 items of each scale were considered for an exploratory MSA to reevaluate the
dimensionality of the scales.

Dimensionality Assessment

Dimensionality was assessed for the HHIE and HHIA using data from the 1064 and 305
subjects who completed the scales, respectively. For the HHIE, item coefficients for all items
were 0.38 < H;< 0.68, which suggests that all of the items are sufficiently homogeneous. In
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addition, H=0.58 [standard error (SE) = 0.02], which suggests that the items formed a
strong unidimensional measure. Similarly, for the HHIA, item coefficients for all items were
0.44 < H;<0.72 and the items formed a strong scale (4= 0.59, SE = 0.03). CFA fit indices
also suggested good fit of the unidimensional model for the HHIE/A.

Given the unidimensionality of the items of the HHIE and HHIA, with 22 items common to
both scales, we were interested in determining the impact to scalability if the 3 unique items
were removed from each scale. After removing the three items from the HHIE (E-7, S-8, and
S-11) that are not included on the HHIA, the scalability was unchanged (H = 0.58, SE =
0.02). After removing the items from the HHIA (S-7, E-10, and S-11) that do not appear on
the HHIE, the scalability also did not change significantly (4= 0.57, SE = 0.03).

Without a significant impact to scalability, the remainder of the analysis was performed on
the 22 items common to both scales. For the analysis of common items, baseline responses
from all 1447 subjects were included and are shown in Table 5. In the 22-item analysis, all
Hjs ranged from 0.40 to 0.65 and the items formed a strong scale (A= 0.58, SE = 0.01). In
order to justify the use of the total score on the scale to order subjects, however, the fit of the
MHM (i.e., the local independence and monatonicity assumptions) also had to be evaluated.

Monotone Homogeneity Model (MHM) Fit: Ordering of Subjects

In order to determine whether the MHM fit the data, we assessed monotonicity and the local
independence assumptions for the 22-item scale. None of the items displayed deviations
from monotonicity (see Figure, Supplemental Digital Content 2, which displays the
monotonicity plots for the 22 common items of the HHIE/A). In addition, examination of
the residual correlation matrix of the single-factor CFA did not result in any flagged
potentially dependent item pairs (all pairs < 0.2). Therefore, the MHM appears to fit the
items well and the use of the total score is justified.

Manifest Invariant Item Ordering (MIIO): Ordering of Items

The assessment of MI1O resulted in a subset of 18 of the 22 items (all except items E-2, E-4,
E-14, and S-21, which violated the assumption) that exhibit medium accuracy in terms of
invariant item ordering (A7 = 0.41). This suggests that the order by popularity of the 18
items is the same for all individuals. We refer to this 18-item Mokken scale, which contains
items that are appropriate for all adults regardless of age as the Revised Hearing Handicap
Inventory (RHHI; Supplemental Digital Content 3). Table 6 displays the hierarchical
ordering of the 18 RHHI items that have the MI1O property.

Scale Reduction

MSA results can be used to guide decisions for scale length reduction. To create a screening
version, a subset of 10 items with the largest item coefficients was selected from the 18-item
RHHI. Results from MSA of this 10-item subset and the screening version of the HHIE
were compared. The 10 items selected based on the MSA (S-3, E-5, S-6, E-9, S-10, S-13,
S-15, E-20, E-24, and E-25) were found to form a strong unidimensional scale (H = 0.66, SE
= 0.01) that can order subjects by total score. In addition, the results of MI1O analysis
implied invariant item ordering for the 10-item scale (47 = 0.35). This means that there is
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some evidence that the items can be ordered by popularity as in Table 7. The MSA results
were comparable in the subset of 1064 subjects with complete responses on the HHIE (H =
0.65, SE = 0.02; #7 = 0.35). We refer to this 10-item Mokken scale that contains items that
are appropriate for all adults regardless of age as the Revised Hearing Handicap Inventory-
Screening (RHHI-S; Supplemental Digital Content 4).

The original HHIE screening version was also subjected to MSA to compare to the
psychometric properties of the RHHI-S. MSA suggests that the original HHIE screening
version (E-2, E-5, S-8, E-9, S-10, S-11, E-14, S-15, E-20, S-21) is also a strong
unidimensional scale, though slightly weaker than the RHHI-S (~#=0.60, SE = 0.02).
Ordering subjects by total score on the original screening version is justified, with no
violations of monotonicity or local independence. The results from MIIO of the original
HHIE screening items suggest strong invariant item ordering of most items (47 = 0.55).
However, upon inspection of the item response functions (IRFs; see Figure, Supplemental
Digital Content 5, which displays the monotonicity plots for the original HHIE screening
version), item S-8 (difficulty hearing when someone speaks in a whisper) had more positive
responses than the other items and the IRF was flagged as an outlier. The results from an
assessment of MI10O can be misleading if any items are included that have IRFs that are
outliers compared to the other IRFs (Watson et al. 2014). Thus, inclusion of this item could
exaggerate the existence of MIIO so it was removed to determine how the scalability
coefficient was affected. The results of MI1O excluding item S-8 no longer support strong
invariant item ordering but suggest that eight of the items (item E-14 does not fit the MI1O
pattern) could be weakly ordered (A7 = 0.37). Therefore, 8 of the 10 on the original HHIE
screening version can be ordered by difficulty with low accuracy.

ROC Analysis: Cutoff Score Selection

The RHHI and RHHI-S responses are assigned scores of 4, 2, and 0 (for “yes”,
“sometimes”, or “no”, respectively) to remain consistent with the original tools. The ROC
curves for using the RHHI and RHHI-S to predict hearing impairment [defined as PTA (500,
1000, 2000, 4000 Hz) > 25 dB HL in the worse ear] are displayed in Figures 1 and 2,
respectively. Based on the Youden Index, a score =6 on the RHHI detected hearing
impairment with 73.2% sensitivity and 73.8% specificity (Table 8, top). For the RHHI-S a
score =6 detected hearing impairment with 70.3% sensitivity and 78.8% specificity (Table 8,
bottom)l. Using cutoff scores of =6 for both tools, a total of 715 (49.4%) and 658 (45.5%)
subjects with increased risk of hearing loss were identified on the RHHI and RHHI-S,
respectively.

DISCUSSION

This study highlighted the benefits of using rigorous approaches for psychometric analysis
of scales with ordered-categorical responses that are commonly used on hearing-related
PROMs. These methods can be used to develop new scales, as well as to refine scales that

Lother commonly used PTAs were also subjected to ROC analysis and cutoff scores selected to detect > 25 dB HL in the worse ear; a
cutoff score of =6 was consistently selected. Using PTA (500, 1000, 2000, 4000 Hz) > 25 dB HL in the better ear, very similar cutoff
scores were selected based on the Youden Index for the RHHI and RHHI-S (=8 and =6, respectively).
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were developed using classical methods, such as CTT. Using nonparametric IRT analysis of
data collected in an ongoing study of age-related hearing loss, we found that the Hearing
Handicap Inventories developed in the 1980s and 1990s are composed of items that form
strong scales. Evidence in this study did not support discriminant validity for the HHIE/A,
which suggests that the two subscales of the original scales are not truly distinct. This
implies that the items are not specific to emotional consequences and social/situational
effects due to hearing loss. Despite the lack of evidence for the two distinct subscales, results
from MSA (and CFA) suggest that the items of the HHIE/A form a strong unidimensional
scale that instead measures one underlying construct, self-perceived hearing handicap.

Removal of the three unique items to the HHIE/A did not significantly impact scalability, so
we chose to simplify the assessment of hearing handicap by evaluating the items common to
both scales so that the resulting scale can be administered to adults of all ages. Using MSA,
we developed the RHHI (see Supplemental Digital Content 3), which includes 18 of the
original HHIE/A items that have optimal psychometric properties. First, evidence strongly
supports ordering individuals by total score for these 18 items with respect to the underlying
latent trait, self-perceived hearing handicap. Higher scores are indicative of greater perceived
handicap. Second, evidence supports the ordering of the items by popularity and suggests
that the ordering is the same for all individuals. A scale that has this property has a more
informative total score that can also indicate items with which patients are more likely to
report problems. For example, a patient with a total RHHI score of 4 is likely to have
difficulty when listening to the TV or radio and/or when attending a party (items 1 and 2,
respectively). Similarly, a patient who endorses a less popular item also tends to endorse the
more popular items. For example, a patient who reports that their hearing problem causes
them to feel frustrated when talking to members of their family (item 4) is also likely to
report difficulty when listening to the TV or radio (item 1), difficulty when attending a party
(item 2), and any problem or difficulty with their hearing that upsets them (item 3). A
practical result of this scale property is that abnormal patterns can easily be detected in a
clinical setting and may help guide decisions for patients with unexpected patterns of
responses. For these reasons, we suggest that for clinical and research purposes, the total
score on the scale is more informative than creating self-perceived hearing handicap
subcategories (such as mild-to-moderate and significant handicap). The use of the total score
can also prompt a discussion between patient and clinician to determine methods for
remediation of any self-perceived hearing handicap, identifying the specific problems the
patient faces.

MSA was also used to develop the 10-item RHHI-S (see Supplemental Digital Content 4),
which shares the important psychometric properties discussed above. Both the RHHI and
RHHI-S can be administered to adults of all ages, as an alternative to the age-specific
HHIE/A and their screening versions. Thus, we propose the use of the RHHI and the RHHI-
S for all adults, reducing the burden for clinicians (only one form to administer) and patients
(fewer items). If the tools are used to screen for or detect hearing loss, we have proposed a
cutoff of >6 for optimal detection.

In summary, the Revised Hearing Handicap Inventory (RHHI) and the Revised Hearing
Handicap Inventory — Screening (RHHI-S) are strong unidimensional scales that can be used
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to quantify self-perceived hearing handicap for adults of all ages. The results also suggest
that the items can be ordered in terms of popularity. Due to this hierarchy, items with which
patients are more likely to report problems can be identified. In addition, ROC curve
analysis determined a cutoff score (=6 for both the RHHI and RHHI-S) that is useful to
screen for or detect hearing impairment, which may indicate the need for referral for an
audiologic evaluation. This research study relied on the voluntary participation of healthy
adults in the Charleston, South Carolina metropolitan area. Thus, further research is needed
to assess the generalizability of the cutoff score to screen for or detect hearing impairment in
other populations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Receiver operating characteristic curve for using the Revised Hearing Handicap Inventory

(RHHI) score to predict hearing loss. The cutoff with maximum Youden Index (=6) is
labeled with the symbol Y.
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Figure 2.

Receiver operating characteristic curve for using the Revised Hearing Handicap Inventory —
Screening (RHHI-S) score to predict hearing loss. The cutoff with maximum Youden Index
(=6) is labeled with the symbol Y.
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