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ORIGINAL ARTICLE

Prediction of successful hearing aid treatment in first-time and experienced
hearing aid users: Using the International Outcome Inventory for Hearing Aids

S. S. Houmøllera,b,c , A. Wolffd , S. M€ollera,b,c , V. K. Narnea , S. K. Narayananf , C. Godballea,b,c ,
D. D. Hougaardd,e , G. Loquetd,e , M. Gaiheded,e , D. Hammershøif and J. H. Schmidta,b,c

aResearch Unit for ORL – Head & Neck Surgery and Audiology, Odense University Hospital, Odense, Denmark; bDepartment of Clinical
Research, Faculty of Health Science, University of Southern Denmark, Odense, Denmark; cOPEN, Odense Patient Data Explorative Network,
Odense University Hospital, Odense, Denmark; dDepartment of Otolaryngology, Head and Neck Surgery and Audiology, Aalborg University
Hospital, Aalborg, Denmark; eDepartment of Clinical Medicine, Aalborg University, Aalborg, Denmark; fDepartment of Electronic Systems,
Aalborg University, Aalborg, Denmark

ABSTRACT
Objective: Primarily to understand whether clinically relevant factors affect the International Outcome
Inventory (IOI-HA) scores and to examine if IOI-HA scores improve when renewing the hearing aids (HA)
for experienced users. Secondly, to estimate the overall HA effectiveness using the IOI-HA.
Design: A prospective observational study.
Study sample: In total, 1961 patients with hearing loss were included. All patients underwent a hearing
examination, were fitted with HAs, and answered the IOI-HA. Factor analysis of IOI-HA separated the
items into a Factor 1 (use of HA, perceived benefits, satisfaction, and quality of life) and Factor 2 (residual
activity limitation, residual participation restriction and impact on others) score.
Results: Degree of hearing loss, word recognition score, motivation, HA usage time, tinnitus, asymmetry,
and sex were significantly associated with total IOI-HA, Factor 1, or Factor 2 scores. The seven IOI-HA
items increased on average by 0.4 (p< 0.001) when renewing HAs. The total median IOI-HA score at fol-
low-up was 29 (7) for experienced (n¼ 460) and first-time users (n¼ 1189), respectively.
Conclusions: Degree of hearing loss, word recognition score, motivation, tinnitus, asymmetry, and sex
may be used to identify patients who require special attention to become successful HA users.
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1. Introduction

Self-reported outcomes in terms of hearing aid (HA) effective-
ness are fundamental to measure the success of a HA treatment.
A key aspect of a successful HA treatment is a satisfied HA-user,
which should be the natural outcome of every HA fitting. Hence,
investigating the satisfaction of the HA-user is an ongoing con-
cern in hearing rehabilitation. Studies have suggested that
approximately 20% of older adults with hearing loss (HL) are
dissatisfied with their HAs and do not use these regularly
(Kochkin 2009; Hartley et al. 2010). A consequence of unsuccess-
ful HA fittings is multiple re-visits in clinics and a negative
impact on the quality of life of the patient and their significant
others (Arlinger 2003; Cunningham and Tucci 2017; Elberling
et al., 1989). Several studies have tried to discover why people are
not satisfied with their HAs and what makes people achieve a suc-
cessful HA uptake (Laplante-L�evesque, Hickson, and Worrall
2012; Meyer and Hickson 2012; McCormack and Fortnum 2013).
Nevertheless, the underlying reasons for a low HA uptake are still
not fully understood, and this emphasises the importance of inves-
tigating the determinants of a successful HA treatment.

HA effectiveness can be assessed in numerous ways, and the
number of patient-reported outcome questionnaires has
increased considerably over the last decade (Granberg et al.
2014). Some popular instruments for measuring HA benefit
include the Abbreviated Profile of Hearing Aid Benefit (Cox and
Alexander 1995), and the Speech, Spatial, and Qualities of
Hearing Scale (SSQ) (Gatehouse and Noble 2004), that were
designed to assess the individual’s perception of their listening
capabilities in various situations, and thus provide a measure of
subjective hearing status. One of the most well-known and
widely used questionnaires to measure the effectiveness of a HA
treatment is the standardised multi-dimensional International
Outcome Inventory for Hearing Aids (IOI-HA) (Cox et al.
2000). It was developed as a result of an international scientific
workshop in 2000 and intended for usage in research settings to
make it possible to compare outcomes of HA fittings in seven
different outcome domains across different countries and cul-
tures. The original version was in English (Cox and Alexander
2002), but translations are available in many languages (Cox,
Stephens, and Kramer 2002). The seven items are: (1) The use of
HAs (Use), (2) The perceived benefits (Ben), (3) Residual activity
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limitation (RAL), (4) Satisfaction (Sat), (5) Residual participation
restriction (RPR), (6) Impact on others (Ioth) and (7) Change in
quality of life (QoL). All questions are intended to probe the
experience during the recent past (2 weeks). Each item has five
possible responses and proceeds from the worst possible outcome
on the left to the best possible outcome on the right in each of
the domains. The items are scored from 1 to 5, where a higher
score indicates a better outcome in the specific domain.
Originally, the IOI-HA was intended to be administered in a
paper and pencil mode, but Thor�en, Andersson, and Lunner
(2012) found that the IOI-HA can be administered in an online
format with similar results and without compromising reliability.
Jespersen et al. (2005) found a problem with the interpretation
of Item 5 in the Danish version because the Danish translation
of Item 5 was not semantically clear. The semantic issue was
remedied by a rewording in Item 5 from the word “indflydelse”
(influence) to “begrænset” (limited) in Jespersen, Bille, and
Legarth (2014). The revised translation is used in this study.

Several studies have identified two subscales within the IOI-
HA when performing a principal component analysis (Cox and
Alexander 2002; Kramer et al. 2002; Br€annstr€om and
Wennerstr€om 2010; Jespersen, Bille, and Legarth 2014). Factor 1
includes Use, Ben, Sat, and QoL (Items 1, 2, 4 and 7), whereas
Factor 2 includes RAL, RPR, and Ioth (Items 3, 5 and 6). Cox
and Alexander (2002) considered Factor 1 as “me and my HAs”
describing the overall benefit with HAs, whereas Factor 2 was
considered as “me and the rest of the world” describing the
residual limitations after HA fitting. This underlines that
the IOI-HA is not a strictly unidimensional measure and that
the two factors explain different aspects of HA effectiveness. Cox
and Alexander (2002) discussed how the responses should be
reported, either each item individually, the overall total score, or
as two separate subscale scores – one for each factor. They

implied that vital information might be lost if only using the
total IOI-HA score, and the best choice would depend on the
purpose when using the IOI-HA, whether it is intended for a
clinical, administrative, or research purpose.

Previous research has investigated a range of potential predic-
tors of successful HA outcomes using either the total IOI-HA
score or the Factor 1 and Factor 2 score as an outcome measure.
The studies indicated that the degree of HL in terms of Average
Pure-Tone hearing thresholds at 0.5, 1, 2, and 4 kHz (PTA-4) is
a significant factor for reported IOI-HA score (Jespersen, Bille,
and Legarth 2014), as well as the duration of HL (Kramer et al.
2002), HA configuration (bi- vs. unilateral fitting) (Arlinger,
Nordqvist, and €Oberg 2017; Kramer et al. 2002), cost of HA (Liu
et al. 2011), and experience with HAs (Jespersen et al. 2005;
Williams, Johnson, and Danhauer 2009; Arlinger, Nordqvist, and
€Oberg 2017), and the studies yielded somewhat conflicting
results. Williams, Johnson, and Danhauer (2009) and
Heuermann, Kinkel, and Tchorz (2005) found no significant
effects of age, gender, average HL, type of HA fitting, or HA
experience (Nexp ¼ using HAs for more than 3months).
Arlinger, Nordqvist, and €Oberg (2017) only found a significant
effect of the degree of HL when using Factor 1 and Factor 2
scores as outcomes and therefore stated that differences in factor
scores should be considered when comparing IOI-HA scores
from different studies. Another clinically relevant factor that
might affect the level of HA satisfaction is the degree of tinnitus.
Using the APHAB and the Tinnitus Handicap Inventory (THI)
(Newman, Jacobson, and Spitzer 1996) as main outcome meas-
ures, Andersson, Keshishi, and Baguley (2011) found that tin-
nitus was associated with less benefit and more problems
with HAs.

To identify patients needing more intensified counselling as
part of their HA-treatment, we aimed to investigate the impact
of clinical parameters (degree of HL, Word Recognition Scores
(WRS), self-reported tinnitus using the THI questionnaire, HA
configuration (unilateral or bilateral fitting), motivation for HA
treatment, HA usage time, sex, and age) on IOI-HA Factor 1, 2,
and total IOI-HA scores. Further, we explored the improvement
in IOI-HA scores when renewing HAs in the experienced users.
Finally, we aimed to estimate the overall level of satisfaction with
HA treatment using IOI-HA and to study differences in IOI-HA
Factors 1, 2 and total IOI-HA scores between experienced and
first-time HA users.

2. Materials and methods

2.1. Study design and ethics

This study is part of the Danish national Better hEAring
Rehabilitation project (BEAR), aiming to improve hearing
rehabilitation in Denmark and worldwide. The study was con-
ducted as a prospective observational cohort study. Data were
collected from Departments of Audiology at Odense University
Hospital (OUH), Region of Southern Denmark and Aalborg
University Hospital (AAUH), North Denmark Region from
January 2017 to January 2018. The project has been evaluated by
The Regional Committee on Health Research Ethics for Southern
Denmark (S-20162000-64).

2.2. Population and procedure

Data was collected in a population of 2447 adults (�18 years of
age) with HL and included both first-time and experienced HA

Figure 1. Trial Profile. Numbers of completed International Outcome Inventory
for Hearing Aids (IOI-HA) answers from baseline and follow-up for first-time and
experienced hearing aid (HA) users are shown.
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users. All experienced users had at least 4 years of HA experi-
ence. Private ENT specialists referred all patients to one of the
two Departments of Audiology in Denmark; the Department of
Audiology, OUH, and the Department of Audiology, AAUH. At
OUH, patients were informed about the study and invited to
participate by their private ENT, whereas, at AAUH, all first-
time HA users were already booked for hearing examination and
sent an invitation to participate in the study 2 weeks before their
scheduled visit. Acceptance to participate was noted in the refer-
ral letter. Prior to the first visit to the clinic, all patients received
an e-mail, including information on study details, a consent
form, and a letter on the patient’s rights related to study partici-
pation. Acceptance to participate was received from
1961 patients.

Patients were excluded from the study if they were candidates
for cochlear implantation or had known cognitive limitations
preventing them from answering or filling out the question-
naires. At any time, patients were free to decline participation.
Some patients chose to reject the HA treatment or went to a pri-
vate vendor instead. A total of 1189 first-time users and 460
experienced users completed the IOI-HA at follow-up and were
included in the study (Figure 1).

2.3. Measurements

2.3.1. Questionnaires
The questionnaires were sent to all patients 2 weeks prior to the
first visit to the clinic. The questionnaires were; a non-standar-
dised health-related questionnaire containing questions on demo-
graphic details such as sex, age, HA experience, motivation, and
tinnitus. The THI questionnaire was included if patients
answered they had experienced “ringing” in the ears, and the
IOI-HA questionnaire was sent if patients were experienced HA
users at the time of inclusion. The IOI-HA and THI question-
naires were re-sent 2 weeks before the follow-up visit, that was
scheduled to take place approximately 2 months following HA
fitting. A question from an online motivation tool developed by
the Ida Institute (idainstitute.com) was used to assess the
patient’s motivation for HA treatment. The question read: “How
important is it for you to improve your hearing?” The response
scale ranged from 0 to 10, where a higher score indicates a
higher motivation (Clark 2010).

All questionnaires were compiled and managed using the
Research Electronic Data Capture (REDCap) tools developed by
Vanderbilt University, Nashville, Tennessee, United States
(Harris et al. 2009, 2019) hosted by Odense Patient Explorative

Network in the Region of Southern Denmark. Patients received
the questionnaires through an online link generated by REDCap
to their private digital mailbox (e-Boks), but a paper-and-pencil
version was also available at the clinic if they did not have access
to the online version. These responses were then manually
entered into the database.

2.3.2. Audiological assessment
As a part of current clinical practice in Denmark, all patients
underwent: standard audiometry, which consisted of a pure-tone
audiometry measuring air-conduction thresholds at 0.25, 0.50, 1,
2, (3), 4, (6) and 8 kHz; bone-conduction thresholds at
0.25–4 kHz when needed; and a measure of WRS. Air- and
bone-conduction thresholds were measured according to
ISO8253-1:2010 (International Organisation for Standardization),
and TDH39 headphones or ER-3A insert earphones were used
during the tests. The WRS was obtained by presenting 25 differ-
ent monosyllabic words in quiet at the most comfortable listen-
ing level from the Dantale-I wordlists developed by Elberling
et al. (1989). WRS is expressed in the percentage of correct
responses to the words presented. The measurements took place
in a soundproof booth in one of the two Audiological
Departments and were carried out by experienced audiologists.

2.4. Hearing aid fitting and follow-up visit

Patients were fitted with HAs from one of three participating
HA manufacturers (with a basic or a more advanced HA from
each manufacturer). According to current clinical practice, the
decision on the type of HA was based on patients individual
hearing need that was assessed by the audiologists.

All HAs were free of charge as part of the Danish public
health care system. A semi-balanced design with an intended
representation of approximately 25% for each of the three HA
manufacturers was applied to avoid the dominance of a specific
HA product and accompanying fitting paradigm. Randomisation
was independent of individual factors such as age, sex, and
degree of HL. The remaining approximately 25% were fitted
with other HAs suitable for the given patient and available in the
clinics. All HAs used in the study were representative of the
HAs that were available by the public tender in Denmark and
therefore also available for the participating clinics.

Patients were fitted with HAs by experienced audiologists
according to the proprietary fitting algorithms suggested by the
specific HA manufacturer, or on some rare occasions, with

Table 1. Statistical analyses performed in the study and the type of statistical tests used in these analyses.

Aim of the test Type of test

To test significant difference in age, BEA, and HA use time between first-time
and experienced HA users

Non-paired t-test

To test significant difference in WRS, degree of tinnitus, motivation, and IOI-HA
scores between first-time and experienced HA users.

Mann–Whitney U test
(Non-parametric test)

To test significant difference in HA use time between group of people with
different degree of HL as defined by GBD.

Kruskal–Wallis test
(Non-parametric test)

To understand underlying dimensions in the IOI-HA to compare it with the
findings in the previous studies (Cox and Alexander 2002; Kramer et al.
2002; Br€annstr€om and Wennerstr€om 2010; Jespersen, Bille, and
Legarth 2014).

Principal Component Analysis

To test the significant effect of degree of HL, WRS, HA configuration,
motivation, HA usage time, tinnitus, asymmetry, sex, and age on mean total
IOI-HA, Factor 1 and Factor 2 scores.

Multiple linear regression

To test the significant change in IOI-HA, Factor 1 and Factor 2 rank score from
baseline to follow-up for experienced users.

Paired Wilcoxon signed-rank test (Non-parametric test)

BEA, Better Ear Average; HA, Hearing Aid, WRS, Word Recognition Score; HL, Hearing Loss; GBD, Global Burden of Disease.
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standard fitting rationales. If relevant and possible for the given
HA, patients were given instructions in volume adjustment, and
program options and gain levels were adjusted if the sound was
perceived as too loud or too high pitched. First-time HA users
were given additional counselling on how to use their HAs.
Approximately 2 months after HA fitting, a follow-up appoint-
ment was scheduled for all patients where the HA usage time
was extracted from the fitting software, and HAs were adjusted
depending on the patient’s need and type of problem. Real-ear
measurements were performed both before and after any adjust-
ments for the documentation but not used as the basis for
adjusting the HAs, which follows current clinical traditions that
rarely apply real-ear based adjustments. The follow-up visit was
carried out by the same audiologist in Aalborg and two audiolo-
gists in Odense, and the mean follow-up time in this study was
73 d (SD ¼ 34).

2.5. Statistical analysis

Average pure-tone hearing thresholds (PTA-4) were calculated as
the average of hearing thresholds at 0.5, 1, 2, and 4 kHz for each
ear. The degree of HL was defined using the Global Burden of
Disease classification (Stevens et al. 2013; Shield 2006) and
includes the categories: Normal (<20 dB HL); mild (20–34 dB
HL); moderate (35–49 dB HL); moderate-severe (50–64 dB HL);
severe (65–79 dB HL), and; profound (>81 dB HL). Due to a low
number of participants within the “severe” and “profound” HL
groups, these two groups were merged into one “severe and
profound” group.

The different statistical analyses performed in the study are
presented in Table 1 and describes the type of statistical test that
was used in the analysis to test the different hypotheses of the
study. Significance levels were set at p< 0.05 for the multiple lin-
ear regression analyses (command regress in STATA). Due to
highly left-skewed data distribution, bootstrapping was applied to
the model with 5000 replications, but this did not cause any sig-
nificant changes in the results; hence the analysis is presented
without bootstrapping. Variance inflation factor (VIF) was used
to test multi-collinearity between independent variables in all lin-
ear regression models and showed no indications for multi-col-
linearity (VIF < 2.5). The model tested the hypothesis that the
outcomes of either total IOI-HA, Factor 1, or Factor 2 scores
were affected by the degree of HL with reference to mild HL
based on the Global Burden of Disease classification, WRS,
motivation, HA usage time, HA configuration, self-reported tin-
nitus (patients reporting more than slight symptoms (THI score
> 16) based on the THI severity scale), asymmetry defined as
PTA-4 difference >10 dB HL, sex, and age.

As it has recently been pointed out (Leijon et al. 2020) that
IOI-HA does not behave well when handled as a metric scale,
we, therefore, applied the item specific category weights

suggested in Leijon et al. (2020) as a supplementary analysis and
repeated the main analysis on the resulting IOI-HA scores.
Moreover, as an additional sensitivity analysis, we applied
ordinal logistic regression to the raw IOI-HA scores to investi-
gate if this resulted in consistent estimates. Bonferroni–Holm
was used to adjust for multiple comparisons.

Data management and analyses were performed using STATA
SE version 16.0 (Stata Corp., College Station, TX).

3. Results

3.1. Response rate

Figure 1 shows the trial profile. Seventy percent of the 1961
included patients were first-time users. At baseline, 97% of the
experienced users responded and completed the IOI-HA. At fol-
low-up, 86% of first-time users and 89% of the experienced users
responded to the IOI-HA.

3.1.1. Identification of IOI-HA factor 1 and 2 in the
study population
Although the PCA analysis presumes interval-scale properties, a
principal component analysis PCA was used to extract the two
significant factors from the IOI-HA responses recorded at the
follow-up to compare results with previous studies. However,
PCA based on Polychoric correlation that assumes the variable
as ordered measurement of an underlying continuum was also
performed. It fetched similar results compared to PCA based on
Pearson correlation, justifying the use of standard PCA to com-
pare our results with previous studies. Table 2 provides the load-
ing of IOI-HA items on each factor after PCA with varimax
rotation (n¼ 1648) along with the factor loadings found by Cox
and Alexander (2002) for comparison. Factor 1 was dominated
by Items 1, 2, 4 and 7, whereas Factor 2 was dominated by
Items 3, 5 and 6.

3.2. Demographics and level of IOI-HA total, Factor 1, and
Factor 2 scores

Table 3 shows patient characteristics among first-time and expe-
rienced users responding to the IOI-HA questionnaire. For expe-
rienced users at baseline, 40% were women with a mean age of
66.3 years (SD13.5), whereas men had a higher mean age of
68.8 years (SD10.6). In first-time users at follow-up, 44% were
women with a mean age of 66.1 years (SD12.2), and men had a
mean age of 67.0 years (SD10.0). On average, first-time users
were 1.8 years younger than experienced users (95%CI: �2.98;
�0.57, p< 0.01).

3.2.1. Differences in the degree of hearing loss, hearing aid
usage time, motivation, and degree of tinnitus between first-
time and experienced users
When comparing the degree of HL in terms of Better Ear
Average (BEA) and WRS for the better hearing ear between the
two groups of HA users, the experienced users had 11.1 dB HL
(95%CI: 9.8; 12.4, p< 0.001) higher BEA thresholds and the
median WRS was 7% points (z ¼ �9.0, p< 0.001) lower than
first-time users. Using BEA, the most frequent type of HL
among the experienced users was moderate HL (44% baseline
and 45% follow-up), whereas mild HL (46%) was the most fre-
quent type of HL among first-time users. In total, 97% of

Table 2. Factor loadings for each of the seven IOI-HA items on each extracted
factor after principal component analysis with varimax rotation (n¼ 1643).

Item no. F1 F2

1. Hours of daily use (Use) 0.71 (0.73)
2. Benefit (Ben) 0.84 (0.81)
3. Residual activity limitations (RAL) 0.73 (0.62)
4. Satisfaction (Sat) 0.81 (0.86)
5. Residual participation restriction (RPR) 0.84 (0.79)
6. Impact on others (Ioth) 0.83 (0.82)
7. Quality of life (QoL) 0.79 (0.84)

Loadings less than 0.5 are not shown. Loadings from Cox and Alexander (2002)
sample (in parentheses) (n¼ 167).
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Table 3. Population characteristics.

Baseline (exp) Follow-up (exp) Follow-up (first-time)
(n¼ 517) (n¼ 460) (n¼ 1189)

Sex, n (%)
Women 207 (40) 185 (40) 523 (44)

Mean age, years ± SD (range)
Women 66.3 ± 13.5 (19–100) 67.2 ± 12.7 (19–100) 66.1 ± 12.2 (22–94)
Men 68.8 ± 10.6 (26–89) 69.1 ± 10.7 (26–89) 67.0 ± 10.0 (21–92)

Mean PTA, dB HL ± SD
Right ear 47.6 ± 16.0 47.6 ± 15.5 37.3 ± 13.5
Left ear 47.7 ± 15.9 47.6 ± 15.6 36.1 ± 13.4

Median WRS, percentage (IQR)
Right ear 88 (20) 88 (20) 96 (12)
Left ear 88 (24) 88 (24) 92 (16)

Severity of hearing loss based on better ear PTA, n (%)
Normal Hearing, �19 dB HL 22 (4) 13 (3) 130 (11)
Mild HL, 20–34 dB HL 108 (21) 94 (20) 552 (46)
Moderate HL, 35–49 dB HL 226 (44) 206 (45) 422 (35)
Moderate-Severe HL, 50–64 dB HL 120 (23) 110 (24) 78 (7)
Severe-profound HL, >65 dB HL 41 (8) 37 (8) 7 (1)

HA configuration, n (%)
Unilateral 55 (11) 12 (3) 58 (5)
Bilateral 450 (87) 448 (97) 1131 (95)
Missing 12 (2) 0 0

Type of HL, n (%)
Symmetrical 440 (85) 361 (78) 930 (78)
Asymmetrical 77 (15) 99 (22) 259 (22)

Median data logged HA usage time, hours per day (IQR) 12 (7.0) 9 (8.0)
Range (0–19) 0–19 0–19

Median motivation (IQR) 9.6 (1.5) 8.2 (2.9)
Range (1–10) 1.9–10 10.4–10

Median THI score (IQR) 14 (23) 14 (26) 14 (22)
Range (0–100) 0–82 0–90 0–88
n (number of complete answers) (216) (211) (536)

Mean ± SD/median (IQR) Total IOI-HA score 25.1 ± 5.9/26 (8.0) 27.8 ± 5.4/29 (7.0) 28.2 ± 4.8/29 (7.0)
Range (7–35) 7–35 8–35 8–35

Mean ± SD/median (IQR) Factor 1 score 15.4 ± 4.1/17 (6.0) 16.2 ± 3.4/17 (4.0) 15.4 ± 3.6/16 (5.0)
Range (4–20) 4–20 5–20 4–20

Mean ± SD/median (IQR) Factor 2 score 9.7 ± 3.0/10 (5.0) 11.5 ± 2.7/12 (4.0) 12.7 ± 2.1/13 (2.0)
Range (3–15) 3–15 3–15 3–15

Study population is sub-categorized into three groups – baseline, experienced (exp), and first-time users.
PTA, Pure-tone Average; WRS, Word Recognition Score; HL, Hearing Loss; THI, Tinnitus Handicap Inventory; SD, Standard Deviation, IQR, Inter-Quartile Range; IOI-HA,
International Outcome Inventory for Hearing Aids.

Figure 2. Boxplots showing distribution of data logged hearing aid usage time by degree of hearing loss in experienced and first-time users. The thick horizontal lines
show medians, dot shows the mean, the lower and upper edges of the boxes show the first and third quartiles, and the whiskers indicate 10th and 90th percentiles.
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experienced and 95% of first-time users were bilaterally fitted
with HA. Median data (Inter-Quartile Range) logged HA usage
time per day was 12 (7.0) h and 9 (8.0) for experienced and
first-time users, respectively, hence experienced users used their
HAs 3 h (z¼ 7.4, p< 0.001) more per day. HA usage time was
significantly different in the different degrees of HL in first-time
users [v2(4) ¼ 13.8, p< 0.01] and experienced users [v2(4) ¼
17.4, p< 0.01]. The correlation between data logged HA usage
time, and degree of HL is shown in Figure 2 and shows that HA
usage time increases as the degree of HL increases. Comparing
group medians showed that experienced users reported 1.4
higher motivation scores than first-time users
(z¼ 11.2, p< 0.001).

In total, 46% of experienced and 45% of first-time users
responded to the THI questionnaire. No significant difference in
median THI score was found at follow-up between the two
groups of HA users (z¼ 0.76, p¼ 0.45).

3.2.2. Differences in the level of total IOI-HA, Factor 1, and
Factor 2 scores between first-time and experienced users
No statistically significant difference in median total IOI-HA
score was found at follow-up between experienced and first-time
HA users (z¼ 0.8, p¼ 0.4). Mean and median scores are pre-
sented for each of the seven items at follow-up in Figure 3. The
figure shows that the mean scores of the different items ranged
from 3.6 to 4.6 for experienced users with the highest score in
Use (Item 1) and the lowest score in RAL (Item 3). In first-time
users, the mean scores ranged from 3.6 to 4.4, with the highest
score in Ioth (Item 6) and the lowest score in QoL (Item 7).
There was a statistically significant difference in group medians
of each item between first-time and experienced users (Item1: z
¼ �6.8, p< 0.001; Item2: z ¼ �3.6, p< 0.001; Item3: z¼ 7.0,
p< 0.001; Item4: z ¼ �4.7, p< 0.001; Item5: z¼ 6.7, p< 0.001;
Item6: z¼ 9.3, p< 0.001), except for item 7 (z ¼ �0.7, p¼ 0.5).
The differences in Factor 1 and Factor 2 scores between the two
groups of HA users are shown in Figure 4. The experienced
users reported a median Factor 1 score that was 1.0 (z¼ 4.3,

p< 0.001) higher than first-time users, but they also reported a
median Factor 2 score that was 1.0 (z ¼ �8.6, p< 0.001) lower
than first-time users. However, the clinical relevance of a differ-
ence in the IOI-HA Factor score around 1.0 is low.

3.3. Factors associated with total IOI-HA, Factor 1, and
Factor 2 scores

The results from the regression analyses are presented in Table 4.
For comparison, results from the corresponding regression models
on the IOI-HA with the weights suggested by Leijon et al. (2020)
are reported in Supplementary Table 1. This sensitivity analysis
and the analysis applying ordinal logistic regression instead
(results not shown), resulted in estimates consistent with the main
analysis. Bonferroni–Holm corrected p values for original and IRT
corrected IOI-HA scores are presented in Supplementary Tables
2A and 2B.

Figure 3. Boxplots showing International Outcome Inventory for Hearing Aids (IOI-HA) scores by level of hearing aid experience. The thick horizontal lines show
medians, thick dot shows the mean, the lower and upper edges of the boxes show the first and third quartiles, and the whiskers indicate 10th and 90th percentiles.
Outliers are marked with a dot. Usage time (Use), Benefit (Ben), Residual Activity Limitation (RAL), Satisfaction (Sat), Residual Participation Restriction (RPR), Impact on
others (Ioth), and Quality of Life (QoL).

Figure 4. Boxplots showing International Outcome Inventory for Hearing Aids
(IOI-HA) Factor 1 (Benefit) and Factor 2 (Residual difficulty) scores at follow-up by
level of hearing aid (HA) experience. The thick horizontal lines show medians,
thick dot shows the mean, the lower and upper edges of the boxes show the
first and third quartiles, and the whiskers indicate 10th and 90th percentiles.
Outliers are marked with a dot.
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3.3.1. Factors significantly affecting Factor 1 scores
Results from the model show that patients with moderate HL
reported a mean Factor 1 score that was 0.8 units higher in first-
time users (95%CI: 0.4; 1.2, p< 0.001) and 1.0 units higher in
the experienced users (95%CI: 0.3; 2.0, p< 0.01) compared to
patients with mild HL. Using PTA-4 as a continuous variable
instead of the discrete categories, the Factor 1 score increased by
0.04 (95%CI: 0.01; 0.07, p¼ 0.01) units for every one dB HL
increase in PTA-4 in first-time users. No significant association
was found in the experienced users. Analysis of the effect of
motivation on Factor 1 scores showed that Factor 1 score
increased by 0.3 (95%CI: 0.2; 0.4, p< 0.001) units for every one
unit increase in motivation score in first-time users only. HA
usage time had a significant and positive effect on all IOI-HA
scores in both groups of HA users. In first-time and experienced
users, the Factor 1 score increased by 0.4 (95%CI: 0.3; 0.4,
p< 0.001) and 0.2 (95%CI: 0.1; 0.3, p< 0.001) units, respectively,
for every 1-h increase in HA usage time. However, HA usage
time is naturally correlated with Factor 1 due to self-reported
HA usage time implemented in Factor 1 which needs to be con-
sidered when interpreting the results. Female experienced users
reported a Factor 1 score that was 0.9 (95%CI: �1.6; �0.3,
p< 0.01) units lower than experienced male users, and experi-
enced users with asymmetric HL reported 0.8 (95%CI: 0.02; 1.6,
p< 0.05) higher Factor 1 scores than experienced users with
symmetric HL.

3.3.2. Factors significantly affecting Factor 2 scores
First-time users with moderate, moderate to severe, and severe &
profound HL reported a Factor 2 score that was 0.4 (95%CI:
�0.7; �0.1, p< 0.01), 0.7 (95%CI: �1.3; �0.2, p< 0.01) and 2.4
(95%CI: �4.0; �0.8, p< 0.01) units lower, respectively, compared
to patients with mild HL. Experienced users with moderate to
severe and severe and profound HL reported 0.8 (95%CI: �1.6;
�0.01, p< 0.01) and 2.1 (95%CI: �3.4; �0.9, p< 0.001) lowerTa
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Figure 5. Mean score changes with each of the seven International Outcome
Inventory for Hearing Aids (IOI-HA) items and the average of all seven items
from baseline (visit 1) to follow-up (visit 2) in experienced users (n¼ 460). Error
bars show standard error of the mean. Use time (Use), Benefit (Ben), Residual
Activity Limitation (RAL), Satisfaction (Sat), Residual Participation Restriction
(RPR), Impact on others (Ioth), Quality of Life (QoL).
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Factor 2 scores, respectively, compared to experienced users with
mild HL. Using PTA-4 as a continuous variable, Factor 2 scores
decreased by 0.06 (95%CI: �0.09; �0.02, p< 0.01) units for
every one dB HL increase in PTA-4 in the experienced users
only. Mean Factor 2 score increased by 0.4 (95%CI: 0.2; 0.5,
p< 0.001) units for every 10% increase in WRS in first-time
users only. Mean Factor 2 scores decreased by 0.1 (95%CI: �0.2;
�0.1, p< 0.001) units and 0.3 (95%CI: �0.5; �0.1, p< 0.001)
units for every one unit increase in motivation score in first-time
and experienced users respectively. This indicates that the HA
does not work as intended in the involved social environments
despite being highly motivated to use it.

The Factor 2 score increased by 0.1 (95%CI: 0.06; 0.1,
p< 0.001) units in first-time users and 0.1 (95%CI: 0.02; 0.1,
p< 0.001) units in the experienced users for every 1-h increase
in HA usage time. No significant effect of HA configuration was
found on either the Factor 1 or Factor 2 scores, but the number
of unilaterally fitted patients was low, hence unlikely to cue any
significance.

Patients with tinnitus (defined as THI score > 16) reported
0.5 (95%CI: �0.8; �0.2, p< 0.001) lower Factor 2 score than
patients without tinnitus. If including tinnitus as THI score at
follow-up, a total number of 504 and 193 responses from first-
time and experienced users respectively who also have tinnitus
and completed the THI questionnaire were analysed. In first-
time and experienced users, the Factor 2 score decreased by 0.2
(95%CI: �0.3; �0.1, p< 0.001) and 0.1 (95%CI: �0.6; �0.1,
p< 0.05) units respectively if THI score increased by ten. First-
time users with asymmetric HL reported 0.3 (95%CI: �0.6;
�0.02, p< 0.05) lower Factor 2 score than first-time users with
symmetric HL, and experienced female users reported a Factor 2
score that was 0.9 (95%CI: �1.6; �0.3, p< 0.05) lower
than men.

3.3.3. Improvement of IOI-HA scores when renewing hearing
aids in experienced users
To investigate the improvement in IOI-HA scores when experi-
enced users received new HAs, mean and median IOI-HA scores
for all seven items, Factor 1, and Factor 2 scores at baseline,
were compared to that at follow-up. Figure 5 shows the change
in mean scores for each of the seven items and the average of all
seven items from baseline to follow-up in the experienced users
(n¼ 458). Using the non-parametric Wilcoxon signed-rank test,
results showed that the IOI-HA rank score for each of the seven
items increased significantly (Item1: z¼ 4.6, p< 0.001; Item2:
z¼ 3.0, p< 0.01; Item3: z¼ 9.6, p< 0.001; Item4: z¼ 4.2,
p< 0.001; Item5: z¼ 9.9, p< 0.001; Item6: z¼ 10.7, p< 0.001)
except for Item 7 (z¼ 1.2, p¼ 0.3), and the average increase in
median IOI-HA item score was 0.4 (z¼ 8.2, p< 0.001). Factor 1
and Factor 2 rank scores increased significantly (z¼ 2.8,
p< 0.01) and (z¼ 12.1, p< 0.001) respectively.

4. Discussion

Results from the regression analyses showed that depending on
HA experience, the degree of HL, WRS, motivation, HA usage
time, self-reported tinnitus, asymmetry, and sex all significantly
affected either Factor 1, Factor 2, or total IOI-HA scores.

4.1. Factors significantly affecting Factor 1 scores

The degree of HL (in terms of patients with moderate HL com-
pared to patients with mild HL) positively and most strongly
affected Factor 1 scores in both groups of HA users, hence
showed to be the most important factor for the perceived HA
benefit. This could reflect that patients with a moderate HL are
in a higher need of HA than patients with mild HL due to a
more severe HL. This result is consistent with Jespersen, Bille,
and Legarth (2014), who found a weak positive correlation
between PTA-4 and Items 1 and 4. Hickson, Clutterbuck, and
Khan (2010) also found that those with higher HL reported over-
all better outcomes, but this was a considerably smaller effect on
the total IOI-HA scores and in patients with severe to profound
HL only. HA usage time also showed to be an important factor
for reported HA benefit in both groups of HA users and indi-
cates reported HA benefit increases when the HA is used more.
The effect is strongest on first-time users and could be explained
by the median HA use time of experienced users being higher
than first-time users, thus have less scope of improvement.
However, the natural mathematical correlation between usage
time and Item 1 needs to be considered when discussing the
effect of HA usage time on perceived benefit.

The motivation for HA treatment positively affected HA ben-
efits only in first-time users. As experienced users are highly
motivated towards HA treatment, the scope of improvement is
limited. This finding is consistent with other studies that showed
readiness was the strongest predictor for self-reported HA satis-
faction and benefit in first-time users (Ferguson, Woolley, and
Munro 2016).

Experienced users with asymmetrical HL reported higher ben-
efits with their HAs than experienced users with symmetrical
HL. This could be because they are experiencing a better benefit
from more advanced HA technology, but since the specific signal
processing applied to the HAs are unknown, the reason for this
effect is unclear.

In contrast to earlier studies that did not show any significant
gender differences (Heuermann, Kinkel, and Tchorz 2005;
Hickson, Clutterbuck, and Khan 2010; Liu et al. 2011; Jespersen,
Bille, and Legarth 2014; Arlinger, Nordqvist, and €Oberg 2017),
this study found a strong effect of experienced female users
reporting less HA benefit than males. Age had a small significant
positive effect on HA benefit in first-time users. Nevertheless,
the effect was small and not clinically relevant.

4.2. Factors significantly affecting Factor 2 scores

The degree of HL negatively and most strongly affected the
Factor 2 scores in both groups of HA users; hence it was the
most important factor for reporting residual difficulties with
HAs. This is in accordance with previous studies that also
showed a negative correlation between the degree of HL and
Factor 2 scores (Kramer et al. 2002; Jespersen, Bille, and Legarth
2014; Arlinger, Nordqvist, and €Oberg 2017). It is expected that
patients with a more severe HL report more residual difficulties
with their HAs and most likely reflects that these patients experi-
ence more problems when they communicate despite being fitted
with HAs. WRS was another important factor for the perceived
residual difficulties but in first-time users only and might indi-
cate that better WRS could result in reporting fewer residual dif-
ficulties after HA treatment. This effect is expected because the
WRS reflects the discrimination abilities of the patients, which
are important when communicating in noisy environments.
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Motivation showed to have a negative effect on reporting
residual limitations with the strongest effect in the experienced
users and suggests that even though a higher motivation
increases the perceived benefit for the patient; it also might result
in more remaining difficulties following HA treatment. It could
be speculated that the HAs do not meet the high expectations of
highly motivated patients. However, this effect has not been
shown in other studies.

Data logged HA usage time had a small positive effect on
Factor 2 scores in first-time and experienced users and indicated
that fewer residual limitations are reported when using the HAs
more. These findings could be useful to report when counselling
patients that the more they use their HAs, the higher the chances
of a better HA outcome.

First-time users with asymmetric HL reported significantly
more limitations than those with symmetric HL and might indi-
cate that, despite being fitted with HAs, the asymmetric HL
yields greater challenges when communicating. However, the
effect size was small and hence not clinically relevant.

Tinnitus, defined as reporting more than slight symptoms
based on the THI severity scale, was the second most important
factor for reporting more residual limitations in first-time users.
One could speculate that these patients are especially annoyed by
their tinnitus when communicating with others and might be
more socially reluctant due to their tinnitus. Including only
patients responding to the THI questionnaire in the regression
analysis, results showed that also experienced users with tinnitus
reported significantly more limitations.

Sex showed to be the second most important factor for
reporting more residual problems in the experienced users.
Experienced female users reported significantly more difficulties
than males, and this indicates that women with HA experience
tend to report more residual difficulties of the HAs than men.
Kramer et al. (2002) and Arlinger, Nordqvist, and €Oberg (2017)
found similar results and suggested this difference could be
related to women, in general, being more socially active than
men. One might also speculate, if women have higher expecta-
tions and, thus, being more disappointed after using HAs for a
while, but the underlying reasons are not further investigated.

Even though the results suggest that the degree of HL, WRS,
motivation, HA usage time, tinnitus, asymmetry, and sex to
some extent are significant predictors of IOI-HA as an outcome
measure, the IOI-HA should not be used as the only instrument
for probing HA effectiveness. Cox and Alexander (2002) under-
line that the IOI-HA was intended to be used as a supplement to
existing outcome measures and not as a substitute. This analysis
shows general trends that can be used to identify patients more
likely to end up with an unsuccessful HA treatment and there-
fore need special attention in the clinic. However, it is important
to remember that it does not give detailed information for per-
sonalised counselling on becoming a successful HA user.

4.3. Improved level of satisfaction when renewing hearing
aids in the experienced users

The significant increase in average mean IOI-HA item score of
0.4 from baseline to follow-up in the experienced users indicates
that their reported HA effectiveness improved when receiving
new HAs. However, a study by Smith, Noe, and Alexander
(2009), based on 131HA users, found a critical difference score
to be used when comparing IOI-HA outcomes for individuals
between two sessions. Their findings showed a 95% chance that
an observed change of one response unit between two test

sessions reflects an actual change in outcome for any item on
the IOI-HA. Comparing the differences in each item score from
baseline to follow-up in our study with the critical values listed
in Table 4 in Smith, Noe, and Alexander (2009), only the
increase in Items 3, 5, and 6 (Factor 2) reflects a true outcome
change following new HAs. The Factor 2 scores increased by 1.9
(SD 3.0) from baseline to follow-up. Thus, the improved level of
HA effectiveness is related to the fact that experienced users
report significantly fewer residual difficulties after being fitted
with new HAs. Further research is required to establish changes
in the IOI-HA outcomes when renewing HAs in the experi-
enced users.

4.4. Hearing aid effectiveness in first-time and experienced
hearing aid users

Mean total IOI-HA scores of 27.8 (SD 5.4) and 28.2 (SD 4.8) for
experienced and first-time users, respectively, generally indicate a
high level of HA effectiveness. A recent Danish study (Jespersen,
Bille, and Legarth 2014) found a similar IOI-HA total score of
28.0 (SD 4.8) in a population of 281 adults. Two more extensive
and recent studies (Liu et al. 2011; Arlinger, Nordqvist, and
€Oberg 2017) with 1049 and 106,631 subjects respectively, also
found similar, but slightly lower, mean total scores of 26.7 and
26.3 and shows the results from the current study are at a com-
parable level with previous studies.

4.5. Identification of IOI-HA Factor 1 and Factor 2 in the
study population

Results from the PCA showed that the factor loadings for each
IOI-HA item were similar to those found by Cox and Alexander
(2002) and other previous studies (Kramer et al. 2002;
Br€annstr€om and Wennerstr€om 2010; Jespersen, Bille, and
Legarth 2014). Thus, the identification of Factor 1 and Factor 2
as two separate principal components is consistent
across studies.

The mean Factor 1 and Factor 2 scores in this study were at
a comparable level with Jespersen, Bille, and Legarth 2014. This
study found Factor 1 scores of respectively 15.4 and 16.2 for
first-time and experienced users compared to 17.0 in Jespersen,
Bille, and Legarth (2014). Further, mean Factor 2 scores in this
study were respectively 12.7 and 11.5, compared to 11.0 in
Jespersen, Bille, and Legarth (2014).

4.6. Comparing first-time and experienced users

Unsurprisingly, results indicated that experienced users suffer
from a more severe HL, and also, they are older than first-time
HA users; therefore, hearing is affected by aging. The data logged
usage time showed that experienced HA users also had a higher
HA usage time (2.1 h more per day than first-time users) as well
as a higher motivation, which could be explained by experienced
users having a more severe HL, thus a higher need for their
HAs, and it also might explain that the experienced users were
remedied to a greater extent by their HA. Analysis using object-
ive data logged HA use time has found that patients with a more
severe HL used their HAs more and relates to a study by
Br€annstr€om and Wennerstr€om (2010), who found a significant
positive correlation between Item 1(Use) and PTA-4. However,
Item 1 is based on the subjective reporting of usage time, and
since previous studies found that users tend to overreport their
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daily amount of HA use (Laplante-L�evesque et al. 2014), this
correlation does not reflect the exact HA use time. Analysing dif-
ferences in Factor 1 and 2 scores, it was shown that experienced
users reported a higher benefit, yet they also reported more
residual limitations with their HAs compared to first-time users
which are consistent with results from Arlinger, Nordqvist, and
€Oberg (2017). Differences in Factor 1 scores are probably related
to experienced users having a more severe HL and thus benefit-
ing more from their HAs. In contrast, differences in Factor 2
scores indicate that a more severe HL also results in more diffi-
culties when communicating in background noise.

4.7. Strengths and limitations

One of the main advantages of this study was the prospective
design and the large study population. However, some limita-
tions may still apply as there might have been a positive selection
bias if only patients highly motivated for HA treatment partici-
pated. Additionally, it can be speculated whether patients less
satisfied with their HAs are less likely to accept the invitation
and complete the questionnaires. With response rates of respect-
ively 86% and 89% at follow-up, selection bias cannot be com-
pletely ruled out, but these potential problems are almost
impossible to avoid in observational studies. In addition, less sat-
isfied patients may have been more reluctant to participate in
follow-up, thus limiting the study by the lack of this information.
The mean follow-up time in this study was 73 (±34) d. Given
that some studies suggest 3 months acclimatisation period, it can
be considered a limitation. Another limitation to this study is
the lack of reported hearing disability, which was found as a
stronger predictor of HA outcome than PTA-4 by Knudsen et al.
(2010). However, this study included WRS that also relates to
hearing difficulty even though it is not a reported measure, and
the WRS was measured in quiet.

5. Conclusions

The degree of HL was an important factor for perceived HA
benefit and for reporting more residual limitations with HA. The
motivation for HA treatment was also an important factor when
it comes to HA benefit in first-time users, but it negatively
impacted the reported residual limitations and impact on others
in both groups of HA users. HA usage time had a positive
impact on overall HA outcomes in both groups of HA users.
Another interesting finding was that self-reported tinnitus had a
negative impact on the residual problems with HAs in first-time
users. In addition, it was shown that women with HA experience
report poorer HA outcomes and more residual limitations than
men. Therefore, depending on the level of experience with HAs,
different clinical factors predict if the patient should have special
attention in the clinic to become successful HA users. The expe-
rienced users improved their IOI-HA score when receiving new
HAs and were related to reporting fewer residual difficulties
when fitted with new HAs. Further research is required to estab-
lish if changes in IOI-HA scores reflect a clinically relevant
change in HA effectiveness.

Altogether, these findings suggest that the solution for a suc-
cessful HA treatment is multi-dimensional, and several factors
should therefore be considered when prescribing HAs for
patients with HL. Even though the results from this study do not
give detailed information for structuring a personalised rehabili-
tation plan on how to become a successful HA user, it is evident
that the degree of motivation and actual use-time with HAs are

important factors for successful HA treatment. On the other
hand, special attention should also be given to highly motivated
patients with considerable HL, women with HA experience or
patients with poor speech recognition or asymmetric hearing as
these patients could benefit from additional counselling in the
clinic in order to understand the benefits and limitations of the
HA treatment. Additionally, patients with tinnitus may also need
special attention as tinnitus negatively impacts the perceived
HA outcome.
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