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ABSTRACT 

The increasing number of patients with age-related hearing loss is a major global health 
concern today. Age-related hearing loss is expected to be one of the top ten leading 
causes of burden of disease by 2030, thus it is imperative to better address audiologic 
intervention and the health care needs of older adults with hearing impairment. 
Although hearing aid technology rapidly improves, there remains a large proportion of 
older adults that are dissatisfied with their hearing aids. This is a growing social problem 
as the consequences of uncorrected hearing loss have adverse health effects and negative 
impact on people´s lives. Assessment of hearing aid effectiveness and the factors 
contributing to a successful hearing aid outcome is essential in order to improve hearing 
rehabilitation of adults with hearing loss.   

This study explored self-reported hearing aid effectiveness in patients with age-
related hearing loss. The effect of clinically relevant parameters on the reported hearing 
aid effectiveness, the impact of hearing aid technology level, and the effects of previous 
occupational noise exposure was investigated in this study.  

Data from the Danish national Better-hEAring-Rehabilitation (BEAR) project was 
used representing current audiological practice in Denmark.  Hearing aid benefit, and 
effectiveness were assessed using both objective and subjective measures. The subjective 
measures included the International Outcome Inventory for Hearing Aids (IOI-HA) and 
the short form of the Speech, Spatial, and Qualities of Hearing Scale (SSQ-12).  The 
objective measures, used in the study, were real-ear measurements and data logged 
hearing aid usage time.  

The degree of hearing loss and readiness for hearing aid treatment was related 
to higher perceived hearing aid benefit. Women with previous hearing aid experience 
reported poorer benefit and more residual limitations compared to men. Patients with 
hearing aid experience reported fewer residual limitations after being fitted with new 
hearing aids. This study also showed that premium hearing aid technology yielded 
improved self-reported hearing abilities compared to basic level technology among 
patients with symmetric presbycusis. In addition, the results of this study suggest that 
self-reported occupational noise exposure is related to steep-sloped audiograms and 
poorer hearing aid benefit in patients with age-related hearing loss.  

This dissertation demonstrated that the assessment of self-reported hearing aid 
effectiveness can have substantially added value for evaluation and clarification of 
potential contributors to the success of hearing rehabilitation in older adults with 
hearing loss. 
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RESUMÉ 

Det stigende antal patienter med aldersbetinget hørenedsættelse er en global 
sundhedsmæssig bekymring i dag. Aldersbetinget høretab forventes at være én af de ti 
største årsager til sygdomsbyrde i 2030, og det er derfor nødvendigt at forbedre 
behandlingen af høretab, samt sundhedsbehovet hos ældre med en hørenedsættelse. 
Selvom høreapparatsteknologien hurtigt forbedres, er der stadig en stor andel af ældre, 
som er utilfredse med deres høreapparater. Dette er et voksende samfundsmæssigt 
problem, da konsekvenserne af ubehandlet hørenedsættelse har skadelig effekt på 
helbredet og negativ indvirkning på menneskers liv. Vurdering af 
høreapparatseffektivitet, og de faktorer der bidrager til et vellykket resultat af 
høreapparatsbehandlingen, er afgørende for at forbedre rehabiliteringen for ældre med 
høretab.  

Dette studie undersøgte selvrapporteret udbytte og effektivitet af 
høreapparatsbehandlingen hos patienter med aldersbetinget høretab. Betydningen af 
kliniske relevante parametre for udbytte af høreapparater, indflydelse af avanceret 
høreapparatsteknologi, samt effekten af tidligere erhvervsmæssig støjeksponering på 
udviklingen af aldersbetinget høretab og oplevet høreapparatsudbytte, blev undersøgt i 
dette studie. 

Data fra det nationale BEAR (Better-hEAring-Rehabilitation) projekt blev 
anvendt, hvilket repræsenterer den nuværende audiologiske praksis i Danmark. 
Udbytte og effektivitet af høreapparatsbehandlingen blev vurderet ved hjælp af både 
objektive og subjektive målemetoder. De subjektive målemetoder omfattede 
spørgeskemaerne, the International Outcome Inventory for Hearing Aids (IOI-HA) og 
den korte form af the Speech, Spatial, and Qualities of Hearing Scale (SSQ-12). De 
objektive målemetoder der blev brugt i undersøgelsen, var real-ear målinger og 
datalogget brugstid fra høreapparaterne. 

Graden af høretab og villighed til at indgå i høreapparatsbehandling var relateret 
til øget høreapparatsudbytte. Kvinder med høreapparatserfaring rapporterede dårligere 
udbytte og flere resterende begrænsninger som følge af høretabet, sammenlignet med 
erfarne mandlige høreapparatsbrugere. Studiet viste også at erfarne høreappartsbrugere 
rapporterede om færre resterende begrænsninger efter at være blevet tilpasset med nye 
høreapparater. Studiet viste også, at mere avanceret høreapparatsteknologi gav 
forbedret selvrapporteret høreevne sammenlignet med mindre avanceret 
høreapparatsteknologi, blandt patienter med symmetrisk presbyacusis. Derudover viste 
resultaterne af denne undersøgelse, at selvrapporteret erhvervsmæssig støjeksponering 
er relateret til stejlt faldende audiogrammer, samt dårligere høreapparatsudbytte hos 
patienter med aldersbetinget høretab. 

Denne afhandling viste, at en vurdering af selvrapporteret udbytte af 
høreapparatsbehandlingen kan have betydelig øget værdi i forhold til at evaluere og 
afklare de faktorer, som bidrager til en vellykket behandling af ældre med 
hørenedsættelse.
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1 INTRODUCTION 

The prevalence of people with age-related hearing loss (HL) is an increasingly important 
public health issue. Due to population growth and increasing life-expectancy, age-
related HL is expected to be one of the top ten leading causes of burden of disease by 
2030 (A. C. Davis & Hoffman, 2019; Mathers & Loncar, 2006). The number of people aged 
over 80 is projected to double in the next decades in Scandinavia (Dedering & Henning, 
2013). Jørgensen et al. (2019) investigated the ageing population in the Nordic countries 
from 1990 to 2014 and showed that population ageing increased during the study period. 
It is estimated that around 50 percent of people older than 60 years and 80 percent of 
those older than 85 years suffer from a hearing deficit (Cunningham & Tucci, 2017).  
Therefore, HL is currently considered as a major global health concern.  WHO estimates 
that 466 million people were living with disabling HL in 2018, and this estimate is 
projected to rise up to 630 million people by 2030 (A. C. Davis & Hoffman, 2019). A 
European prevalence study of age-related HL reported that around 30% of men and 20% 
of women in Europe have a HL of 30 dB Pure-Tone Average of 0.5, 1, 2, and 4 kHz (PTA-
4) or more by the age 70 years (Roth et al., 2011).

As the prevalence of age-related HL increases, there is imperative to better 
address how HL is treated and the relevant health care needs of older adults with HL 
(Hickson & Meyer, 2014). Studies have shown that approximately 20 percent of older 
adults with HL are dissatisfied with their hearing aid (HA) and do not use it regularly, 
and that a high proportion of older people with HL do not own a HA (Hartley et al., 
2010; Kochkin S., 2009). This is recognized as a growing societal problem (Bisgaard & 
Ruf, 2017; Chien & Lin, 2012; Robyn M Cox et al., 2016).  The consequences of 
uncorrected HL have adverse health effects and significant negative impact on people’s 
lives. Uncorrected HL give rise to poorer quality of life due to social isolation, anxiety 
and is significantly related to depression and dementia (Arlinger, 2003; Lin et al., 2011). 
Self-reported hearing difficulties has been linked to less time spent out-of-home, lower 
life-space mobility, and withdrawal from leisure activities in older community-dwelling 
adults (Mikkola et al., 2016; Polku et al., 2015). Hearing disability does not only have an 
impact on the person living with a HL, but it has also shown to affect the people around 
them, namely family, friends, colleagues etc. (Arlinger, 2003).  
Several studies have aimed to identify the determinants of help-seeking, HA adoption, 
and HA outcome for those with HL, which can be divided in audiological and non-
audiological factors (Hong et al., 2014; Humes, 2003; Laplante-Lévesque et al., 2012; 
McCormack & Fortnum, 2013; Meyer & Hickson, 2012; Ng & Loke, 2015). Some of the 
important factors included degree of HL, attitude towards HAs, and self-perceived 
hearing difficulties.  Other studies found that the key facilitators of help-seeking and 
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successful HA use were support of significant others, readiness, positive attitude 
towards HAs, and self-efficacy for HAs that is defined as the level of confidence in the 
ability to manage and adapt to using HAs (Ferguson et al., 2016; Hickson et al., 2014; 
Meyer et al., 2014). Caposecco et al. (2011) investigated the importance of written HA 
user guides for improving self-efficacy in a series of studies, and underlined the 
importance of well written HA user guides to address the barriers of low self-efficacy in 
older adults (Hickson and Meyer, 2014).  

Although research found several factors associated with HA outcome, the 
underlying reasons for a low HA uptake are still not fully understood, and this 
emphasizes the importance of clinical research maintain a focus on improving uptake 
and outcomes of HA fitting in patients with age-related HL, and to further investigate 
the determinants of a successful HA treatment. Hearing aid outcome, such as the benefit 

and effectiveness of HAs, can be addressed using subjective and objective measures. 
Subjective measures include self-reported questionnaires, which have been widely used 
in research and clinical settings in the last decade to address real-world outcomes of 
HAs. The use of these self-reported measures in audiological rehabilitation is highly 
relevant and important, as it yields insight to the perceived benefits of the patient and 
the perceived difficulties when engaging in real world activities. Objective measures of 
HA outcome most commonly include laboratory speech in noise tests and real-ear 
measurements (REM). REM is used in the HA verification process to ensure the exact 
amount of amplification is delivered into the patient’s ear canal and has become a part 
of best practice fitting protocols in many clinics worldwide (Aazh & Moore, 2007; 
Jorgensen, 2016). However, there is a lack of best practice guidelines for fitting HAs to 
adult patients in Denmark, and the use of REM to verify the HA fitting remains limited.  

As a result of shifting towards a more patient-centered practice, there has been 
an increased awareness of improving audiologic rehabilitation. The danish Better-
hEAring-Rehabilitation (BEAR) project was initiated in 2016 with the overall vision of 
improving the hearing rehabilitation in Denmark and worldwide. The BEAR project is a 
five-year multi-centered project and a collaboration between dedicated partners and 
people coming from university hospitals, academia, technological service, and HA 
industry. The project is founded by Innovation Fund Denmark (29 million DKK), 
Industry (15 million DKK), and partners (6 million DKK) and runs until  the end of 2021 
(www.bear-hearing.dk). The project comprises of eight work areas with different 
research focus. A centralized clinical database was built in the first work area to 
represent current clinical rehabilitation practice in Denmark. The purpose of this 
database was to conduct subtype analysis to classify and characterize different patient 
groups, and to study the outcomes of each patient receiving a typical rehabilitation in 
the participating clinics. The database will also serve as a platform for patient data for 
other work areas. As this dissertation is part of the first work area within the BEAR 
project, the emphasis of this dissertation is mainly on patients with age-related HL that 
is the most prevalent group in the centralized clinical database. We acknowledge that 
other patient groups exist as well, but these groups are explored in other work areas 
within the BEAR project. 

http://www.bear-hearing.dk/
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2 REVIEW OF THE LITTERATURE 

2.1 Self-reported outcomes 

Doctor–patient relationship in many developed countries has gradually evolved from 
emphasis on authority of the doctor to a more customer-driven practice where the 
patients´ view is the gold standard (Truog, 2012). To ensure a more patient-centered 
audiologic rehabilitation, there has recently been an increased focus on developing new 
national guidelines to include both auditory and non-auditory assessments. A key part 
of a patient-centered practice includes an assessment of the perceived outcomes of 
intervention with HAs. Consequently, there has been an increased interest in the use of 
patient-reported questionnaires in clinics and the number of patient-reported outcome 
questionnaires has therefore increased considerably over the past two decades  
(Granberg et al., 2014). Also, from both a clinical and a research perspective, it is crucial 
to assess patients’ point of view when evaluating the success of a HA treatment. One of 
the first published self-reported HA outcomes, the Scale of Self-Assessment of Hearing 
Handicap, was developed by High, Fairbanks, and Glorig (1964).  

HA outcome is a multidimensional entity and therefore can be measured across 
several dimensions, including participation restriction or limitations, quality of life, 
benefit, use, and satisfaction (Robyn M. Cox, 2003; Taylor, 2007). However, in this study, 
we addressed self-reported HA benefit and effectiveness, as we regard these two 
dimensions to be the most significant and widely used components. HA benefit can be 
defined as the difference between unaided and aided performance measured 
subjectively or objectively, whereas satisfaction does not necessarily reflect objectively 
measured performance. One example would be that a patient can show a significant 
degree of benefit when measured with aided and unaided tests, but still report that he 
or she is dissatisfied with the HAs (Taylor, 2007).  

Table 1 summarizes the most widely used outcome questionnaires to assess HA 
effectiveness and benefit. The International Outcome Inventory for Hearing Aids (IOI-
HA) is the most well-known and widely used questionnaire to measure HA effectiveness 
in hearing rehabilitation in Denmark (Robyn M. Cox et al., 2000). It consists of only 7 
items which makes it suitable for routine clinical use. In private clinics in Denmark, it is 
currently used as part of a quality assurance (report from Delta Force, 2018). The IOI-
HA was developed as a result of an international scientific workshop in 2000 (Robyn M. 
Cox et al., 2000) and originally, it was intended for usage in research settings to make it 
possible to compare outcomes of HA fittings across different countries and cultures. 
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However, today it is also used for clinical or administrative purposes. The response scale 
is ordinal and scored from 1 to 5.  

Some of the most popular instruments for measuring HA benefit in Europe 
include the APHAB (Robyn M. Cox & Alexander, 1995) and the Speech, Spatial, and 
Qualities of Hearing Scale (SSQ) questionnaire (Gatehouse & Noble, 2004). In order to 
facilitate application of SSQ as a routine assessment tool in clinic, a short version was 
developed from the original 49-item SSQ and named as SSQ-12 (Noble et al., 2013). It 
consists of 12 items and addresses the hearing (dis)ability across three domains: speech, 
spatial, and sound quality. The response scale is an ordinal scale and scored from 0 to 10 
where a higher score reflects a better hearing ability in the given domain.  The main 
difference between the IOI-HA and SSQ-12 is that the IOI-HA addresses the overall HA 
effectiveness and therefore provides more general information whereas the SSQ-12 
yields more detailed information on the HA benefit in various sound environments. In 
both outcome questionnaires, a higher score represents a higher outcome.  

Translation and validation process of the Danish versions of these questionnaires 
currently used in clinical practice has not been reported and it is therefore unknown. To 
our knowledge, the only danish translated and validated questionnaire is the IOI-HA 
(Jespersen et al., 2014). Thus, to allow for comparison with previous international 
studies, the IOI-HA and SSQ-12 were used as self-reported measures in this study.   

2.1.1 Pros and cons of self-report measures 

A major advantage of self-reported measures is that they are easy to obtain and in a 
unique way reflects patients real-world experiences. In a research setting, self-report 
methods are an inexpensive way to collect data and can be more easily used to obtain 
data from a larger population. In addition, it is less time-consuming than objective 
measures.  Another advantage is that self-reports can be made in private and 
anonymized form, thereby minimizing reporting bias due to social desirability. On the 
other hand, there are also some clear disadvantages of self-report data. Self-reported 
data is often subject to reporting bias in the sense that people are often biased when they 
report on their own experiences. Another limitation could be interpretation of the 
questions since the wording may be understood differently depending on the person 
reading it. It is also well known that personality can influence the response. Yet another 
issue is that the rating scales can be too restrictive or inexact, and the questions raised 
may not be sensitive enough to identify the observed challenges or reflect all the real-
world experiences of the patient. For example, new technological features of HA models 
such as connectivity to smart phones may not be included in existing questionnaires but 
could be highly relevant to the perceived satisfaction of HA.



15 

Table 1.    Overview of patient-reported outcomes assessing hearing aid benefit and satisfaction.  

Abbreviation  Measure Reference Description Response Scale Information obtained 
Normative data, 
translation, and 

validation 

COSI Client Oriented 
Scale of 
Improvement 

Dillon, James, & 
Ginis, 1997 (NAL). 

Target up to five listening situations for 
improvement with amplification 
chosen from a list of 16 options.  It can 
be listening, emotional, or social 
situations. 

Open-ended measure. Report the degree of 
benefit obtained compared 
to that expected for the 
population in similar 
listening situations 

Normative data 
obtained 

GHABP Glasgow 
Hearing Aid 
Benefit Profile 

Gatehouse, 1999. Explores six dimensions of outcome: 
disability, handicap, hearing aid use, 
benefit, residual disability, and 
satisfaction.  Four pre-specified and 
four patient-nominated items. 

Open-ended and 
closed-ended measure. 
5-point categorical
scale.

Reversed scale depending 
on the domain (disability 
domain: higher score = 
Higher disability, Benefit 
domain: higher score = 
higher benefit) 

Normative data 
obtained. 
Translated to 
Danish. 

PHAP Profile of 
Hearing Aid 
Performance 

Cox and Gilmore, 
1990. 

66 items measuring two aspects of 
hearing aid performance 1) speech 
communication in a variety of everyday 
listening situations, and 2) reactions to 
loudness or quality of environmental 
sounds in 7 subscales. 

Close-ended measure. 
Categorical scale with 7 
options from “always” 
to “never”. 

Measure aided 
performance rather than 
benefit. 

Normative data 
obtained 

PHAB Profile of 
Hearing Aid 
Benefit 

Cox, Gilmore, & 
Alexander, 1991. 

66 items in seven subscales including 
familiar talkers, ease of communication, 
reverberation, reduced cues, 
background noise, aversiveness of 
sounds, and distortion of sounds. 

Closed-ended measure. 
Categorical scale (7 
options). 

Measure hearing-aid 
benefit (unaided vs. aided) 
across those seven 
dimensions 

Normative data 
obtained 

APHAB Abbreviated 
Profile of 
Hearing Aid 
Benefit 

Cox & Alexander, 
1995. 

Shorter version of the PHAB. 24 items 
covering four subscales: ease of 
communication, reverberation, 
background noise, and aversiveness to 
sounds. 

Profile of scores 
showing the percentage 
of time for which 
problems continue to 
arise during certain 
daily activities. 

Quantifies the disability 
caused by hearing loss, 
and the reduction of that 
disability achieved with 
hearing aids. 

Normative data 
obtained. 
Translated to 
Danish. 

HAUQ Hearing Aid 
Users 
Questionnaire 

Dillon, Birtles, & 
Lovegrove, 1999 

11 items assessing three domains: 
hearing aid use, benefit, and 
satisfaction. 

4-point scoring for each
of the 11 questions.

Measure problems that 
may affect a person's 
ability to use and benefit 
from hearing aids 

Normative data 
obtained 
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HANA Hearing Aid 
Needs 
Assessment 

Schum, 1999 11 items examine relationships between 
perceived communication needs with 
actual benefit achieved with hearing 
aids. 

3-point rating scale per
item.

Higher score = higher 
needs or higher benefit 

Normative data 
obtained 

SADL Satisfaction 
with 
Amplification 
in Daily Life 

Cox and Alexander, 
1999. 

15 items in four subscales (positive 
effects, service & costs, negative 
features, and personal image) that 
measures the underlying dimensions of 
satisfaction 

7-point interval scale
ranging from "not at
all" to “tremendously".

Global satisfaction score. 
Reversed scale. For 11 
items "tremendously" = 
satisfaction scored as 7. 
Remaining four items 
"tremendously" = 
dissatisfaction scored as 1. 

Norm data 
obtained. 
Translated to 
Danish 
(Vestergaard, 
2004) 

HHIA/E Hearing 
Handicap 
Inventory for 
Adults/Elderly 

Ventry and 
Weinstein, 1982; 
Newman et al., 1991 

25 items with two subscales: emotional 
and social/situational. Quantifies 
handicap and assesses benefit by 
measuring change in perceived 
handicap after the fitting of hearing 
aids. 

Response options:  "yes, 
"no", or "sometimes". 

A higher overall score = 
higher perceived hearing 
disability and handicap. 

Normative data 
obtained. 

IOI-HA International 
Outcome 
Inventory for 
Hearing Aids 

Cox et al., 2000. 7 items assessing benefit, satisfaction, 
residual limitations, and quality-of-life 
changes associated with hearing aid 
use. 

Close-ended measure. 
5-point categorical
rating scale.

A higher score = a better 
outcome in the specific 
domain. 

Normative data 
obtained. 
Translated and 
validated in 
danish (Jespersen 
et al., 2014). 

SSQ Speech, Spatial, 
and Qualities of 
Hearing Scale 

Gatehouse and 
Noble 2004. 

49 items assessing the individual’s 
perception of their listening capabilities 
in various situations. Measures a range 
of hearing disabilities across three 
domains: Speech, spatial, and sound 
quality. 

Close-ended measure. 
10-point rating scale
from 0 to 10.

A higher score = better 
hearing ability in the given 
domain. 

Normative data 
obtained. 
Translated to 
Danish 
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treatment.  This is different to objective measurements that are administered in a 
standardized controlled environment and provide data that are universally comparable. 
Therefore, we acknowledge that self-report measures should not be used alone due to 
these limitations, but instead, it should be used in combination with more objective 
measures, thereby setting the stage for clinicians to give the best possible treatment.  

2.2 Hearing aid technology 

Intervention with HA technology is the customary treatment prescribed for a HL. 
During the past two decades, HA technology has improved rapidly. Even though these 
advances have led to more satisfied HA users, a large proportion of adults with HL are 
still reluctant to try HAs or report poor HA outcomes (Hickson & Meyer, 2014). 

HAs are commonly classified into following types: Behind-the-ear (BTE) HAs, 
in-the-ear (ITE) HAs, or completely-in-canal HAs (CIC). They are developed at different 
technology levels but basically, all HAs consist of four basic components: a transmitter, 
a signal processor, a receiver, and a power source. The microphone picks up the sound 
and passes it on to the processor. After this the processor enhances the signal and 
delivers it to the receiver which brings the amplified signal into the ear canal. The power 
source (the battery) drives the whole system. Modern-day HAs conduct digital signal 
processing (DSP), but previously, all HAs were analogue, and this change has been one 
of the most revolutionary developments within hearing research (Dillon, 2013; Levitt, 
2007).  

HA manufacturers produce the HAs in families that include different models at 
different technology levels. The more advanced the technology level, the higher the cost 
of the HAs. Modern-day HAs provide DSP that is intended to improve the audibility in 
different listening conditions. The signal processing can be modified according to the 
specific listening environment by using different features developed in the HA software. 
The most common features are multichannel compression, microphone directionality, 
noise reduction algorithms, and feedback cancellation. The more advanced levels of HA 
technology include a more advanced version of the feature, and some features are not 
included in the basic HAs and only available for the premium level HAs. Currently, 
limited research is available on how these differences in technology affect the reported 
outcomes of the patients with various types of HL (Robyn M. Cox et al., 2014; Robyn M 
Cox et al., 2016; Johnson et al., 2016). From a clinical perspective, this information is 
highly important because otherwise, clinicians can only rely on their own experience 
and personal preferences when deciding of which HA model to prescribe. This makes it 
difficult for hearing care professionals to maintain an evidence-based approach when it 
comes to choosing the specific HA model for a given patient with HL (Robyn M. Cox et 
al., 2014). As part of the Danish public health care system, it is possible to receive HAs 
free of charge. Therefore, patients can be treated with selected types of HAs that have 
been included as part of a regular ongoing public tender.  

Following the choice of a specific HA model, the next crucial part is the fitting 
process that consists of a fitting prescription and fine-tuning of the HAs. The use of 
fitting prescriptions has been a common practice in the past 60-70 years (Mueller, 2005). 
In general, fitting prescriptions are divided in two main groups: the generic and the 
proprietary fitting algorithms. Standard clinical protocol for fitting HAs to adults with a 
HL in Denmark, is to fit HAs based on the manufacturers´ proprietary fitting algorithm. 
Only in a few cases, the generic fitting algorisms, such as the National Acoustic 
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Laboratories Non-Linear version 2 (NAL-NL2) (Keidser et al., 2003) or the Desired 
Sensation Level version 5.0 (DSLv.5) (Scollie et al., 2005) is chosen in the fitting process. 
The fitting procedure is often followed by a fine-tuning of the HAs, that is defined as 
making small adjustments to achieve the desired performance (Oxford US dictionary, 
2021). The fine-tuning process relies on subjective feedback from the HA user and 
therefore is a highly individualized process.  

2.3 Pathology of age-related hearing loss  

Pathology is defined as the study of the causes and effects of disease or injury. The word 
comes from two Greek words; “pathos”, meaning “disease”, and “logos”, meaning 
“treatise” (Oxford US dictionary, 2021). The underlying pathology of age-related HL is 
rather complex since several factors, such as genetics and environmental noise can affect 
hearing over an entire lifespan. This results in an extensive variation in the degree of 
age-related HL, that can vary from mild to substantial (Gates & Mills, 2005; Xiong et al., 
2014). Presbycusis is the general term applied to age-related HL and results from 
degenerative processes due to aging (Cunningham & Tucci, 2017). Some people refer to 
presbycusis as HL caused exclusively by ageing, but because it is very difficult to isolate 
the effect of age  from other contributors to age-related hearing loss, presbycusis and 
age-related HL are used synonymously (Gates & Mills, 2005). It is characterized by 
reduced hearing sensitivity and poor speech understanding in noisy environments. The 
most common complaint in people with age-related HL is that they cannot understand 
what is being said. Typically, the HL develops as a bilateral symmetrical sensorineural 
HL (ISO:7029, 2017) that progresses over the years, especially in the high-frequencies. 
Changes can begin in young adulthood, but for the most part, it is evident around 60 
years of age (Cunningham & Tucci, 2017; Davis et al., 2016).  

Schuknecht´s framework classified four pathologic types of presbycusis based on 
the affected cochlear structure: sensory presbycusis (outer hair cell loss),  neural presbycusis 
(ganglion-cell loss), metabolic presbycusis (strial atrophy), and mechanical presbycusis 
(stiffness of the basilar membrane) (Ohlemiller, 2004;  Harold F. Schuknecht, 1964). Later, 
two more categories were added: mixed and indeterminate presbycusis, with the latter 
accounting for 25% of cases. In 1993, Schuknecht and Gacek made significant revisions 
to their classification scheme, and stated that (1) “sensory cell losses are the least 
important type of loss in the aged ear”; (2) “neuronal losses are constant and predictable 
expressions of aging” and (3) “atrophy of the stria vascularis is the predominant lesion 
of the aging ear” (H. F. Schuknecht & Gacek, 1993). The audiometric pattern of the 
sensory type is typical of noise-induced HL, and it is assumed that sensory presbycusis 
is less linked to age and more strongly linked to accumulated noise exposure.  

2.4 Noise exposure & Noise-induced hearing loss 

Noise is defined as unwanted sound and has been linked to significant auditory 
and non-auditory health problems such as HL, tinnitus, stress, sleep disturbance, 
hypertension, and cardiovascular diseases (Basner et al., 2014; Nelson et al., 2005). Next 
to age-related HL, NIHL is the second most common sensorineural HL. One out of four 
adults in the United States have measurable HL caused by hazardous noise exposure 
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(Cunningham & Tucci, 2017). It is characterized by a gradual loss of auditory sensory 
cells in the cochlea, especially in the high-frequency domain (3-6 kHz), resulting from a 
continuous exposure to hazardous sound levels (Abraham et al., 2019; Alberti, 1992). 
Occupational noise is one of the most well documented cause to occupational disorders 
in Europe (Lie et al., 2016; Nelson et al., 2005). Although the prevalence of noise-induced 
HL is declining in most industrialized countries, HL due to noise exposure is still 
considered a significant health problem today. WHO estimates that 10% of the world 
population are exposed to sound levels that potentially could induce a HL (Basner et al., 
2014). 

The degree of noise-induced HL is dependent on noise intensity, duration of 
exposure, the frequency, and type of noise (Abraham et al., 2019; Ristovska et al., 2015). 
Sound intensity is measured as sound pressure level (SPL) in a logarithmic decibel (dB) 
scale. Noise exposures are commonly described as dB(A) where (A) represents scale 
weighted sounds at higher frequency levels where the human ear is more sensitive. 
Based on the logarithmic scale, 3 dB increase in SPL corresponds to a doubling of the 
sound intensity (Rabinowitz, 2000). Occupational regulations are developed to preserve 
the hearing of those workers who are noise-exposed for 8 hours per day. U.S. regulations 
limit the 8-hour exposure of workers to noise of 90 dB(A) or less, and the Danish 
Working Environment Authority (WEA) limits the noise levels to 85 dB(A) in the 8-hour 
exposure without hearing protection (R. Davis, 2017; WEA, n.d.) 

The classic view on the effect of hazardous noise exposure levels has been that it 
only results in temporary threshold shifts. However, evidence from animal models 
demonstrates that noise exposure results in extensive neural degeneration causing 
permanent damage to the ear, and therefore, has more progressive consequences to the 
ear than previously expected (Kujawa & Liberman, 2009). 

The underlying pathology in noise-exposed and aging ears are difficult to 
distinguish and remains poorly understood as both types of HL are multifactorial with 
interactions between several intrinsic and extrinsic factors that shape the final outcome 
(Grobler et al., 2020; Kujawa & Liberman, 2006).  Studies show that noise-exposed ears 
age differently from those not exposed to noise, and previously noise damaged ears have 
shown to exacerbate the age-related HL (Gates et al., 2000). This interaction effect is 
described as the “super additive” model (Aarhus et al., 2016). Another way of explaining 
the interaction effect is the “less than additive” interaction model which assumes that in 
a previously noise damaged ear, there is a decreased risk of further damage (Grobler et 
al., 2020).  

2.4.1 Acoustic reflex threshold  

Research has tried to link the acoustic reflex threshold (ART) or the acoustic reflex (AR) 
growth to noise exposure to find a valid clinical measure for detecting noise-induced 
cochlear synaptopathy. This association has been well-established in previous animal 
studies, but currently, only limited research has shown this effect in humans. Lindgren 
and colleagues (1983) investigated the ART in 100 cases of noise-exposed subjects (mean 
age: 60 years) and found that the ART was not elevated in those with a noise-notched 
audiometric configuration (Lindgren et al., 1983). Also, hearing thresholds were not 
elevated in noise exposed subjects aged 60-69 (n=41). However, some studies found an 
indication of neural degeneration following noise exposure. Wojtczak et al. (2017) 
showed reduced AR strength in people with noise induced tinnitus, and Shehorn et al. 
(2020) found that lifetime noise exposure caused a weaker AR which was associated with 
decreased speech recognition at high levels in normal hearing subjects. 
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2.4.2 Audiogram configuration  

The term, audiogram configuration, refers to the shape of the audiogram and is an 
important tool in clinic to classify and determine the degree of HL. The audiogram 
configuration yields a good overview of the pattern and extent of the HL, and it helps 
the clinicians to set the diagnosis and thereby also pave way to a proper treatment for 
patients with HL.  

Several studies have classified and linked audiograms to different pathologies 
(Demeester et al., 2007, 2009; X. Liu & Xu, 1994; H. F. Schuknecht & Gacek, 1993; Harold 
F. Schuknecht, 1964). Schuknecht was one of the first to link age-related HL to different
pathophysiological changes in the auditory pathway in 1964. Using animal models,
Dubno et al. (2013) classified audiograms into four phenotypes of age-related HL that
reflect the underlying cochlear pathology in older adults. The phenotypes relate to
Schuknecht’s pathology of age-related HL and include the following: Pre-metabolic,
Metabolic, Sensory, and a combination of metabolic and sensory phenotype of age-
related HL.

Steep-slope audiogram configurations have been associated with the presence of 
noise exposure (Cooper & Owen, 1976; Demeester et al., 2009; Gates & Mills, 2005; H. F. 
Schuknecht & Gacek, 1993). Dubno et al. (2013) reported that noise exposures typically 
cause outer hair cell loss in the cochlear base responsible for coding the higher 
frequencies, thus resulting in a steep-sloped audiogram. Audiometric notches, defined 
as threshold elevation around 4-6 kHz, have been used to distinguish between noise‐

induced and age‐related HL. In clinic, a notch is commonly considered to be noise 
related. However, audiometric notches have also shown to be common in subjects 
without a history of noise exposure, and therefore, clinicians should be cautious about 
classifying noise-induced HL solely by notched audiograms (Lie et al., 2014; Nondahl et 
al., 2009).  

Different classifications have been used in epidemiological research. Demeester 
et al. (2009) categorized audiogram configurations based on a classification by Wuyts et 
al. (1998)  using the following categories:  “Flat”, “High frequency gently sloping 
(HFGS)”, “High frequency steeply sloping (HFSS)”, “Low frequency ascending (LFA)”, 
“Mild frequency U-shape (MFU)”, “Mild frequency reverse U-shape (MFRU)”, and 
“unspecified". Another classification was derived by Bisgaard et al. (2010) as a result of 
discussions on how to develop a set of standard audiograms covering the typical range 
of HL. They used pure-tone thresholds from 28.244 ears collected from a database in 
Sweden. Using statistical analysis, ten standard audiograms were proposed for 
standardization. Seven of the ten audiograms represent flat and moderately sloping HL 
(N1-N7) whereas the last three standard audiograms represent the more steeply sloped 
audiograms (S1-S3). These ten standard audiograms were intended for use in HA 
measurements during the HA fitting process. It is important to note that the Bisgaard 
classification does not include a standard audiogram for the noise-notch typically seen 
in cases of noise exposure.  This is probably due to these standard audiograms are based 
on hearing threshold data in an older population (median age = 72.9 years). In this 
population, the noise-notch is no longer present due to the aging process having a more 
dominant influence on the high-frequency thresholds.  

Differences in the audiometric shape has also been linked to gender differences. 
It is well known that men develop more pronounced degrees of HL. In a comparative 
Nordic study including Sweden, Finland, and Denmark, the prevalence of moderate 
hearing impairment varied between 26% and 34% in men, compared to 17% to 23% in 
women (Hietanen et al., 2005). Epidemiological studies have shown that HFSS 
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audiograms are more prevalent among men whereas flat audiograms are more prevalent 
among women (Cantuaria et al., 2020; Demeester et al., 2009). These differences are 
probably due to men being more exposed to noise, but it could also be related to estrogen 
levels in women that influence the blood supply to stria vascularis (Hultcrantz et al., 
2006; König et al., 2008). Atrophy in the stria vascularis is also defined as a metabolic 
phenotype of age-related HL and linked to flat audiograms (Demeester et al., 2009). 

Few epidemiological studies have investigated how the shape of the audiogram 
affects the self-reported HA outcomes. Hannula et al. (2011) explored audiogram 
configurations among 850 older adults (age range: 55-64 years) and the relation to self-
reported hearing problems. They found that adults who report hearing difficulties more 
often had a HFSS audiogram configuration compared to those not reporting any hearing 
difficulties. In an older study by Lutman et al. (1987), they found a poor correlation 
between self-reported hearing problems and the slope of the audiogram. A few studies 
have investigated the relation between audiogram configuration and the prevalence of 
tinnitus. Demeester et al. (2007) found that tinnitus was more common in subjects with 
HFSS audiograms. In another study by Kim et al. 2016)Kim et al. (2016), significantly 
higher tinnitus annoyance using the Tinnitus Handicap Inventory (THI) score was 
reported in the subjects with HFGS audiograms and Lewis et al. (2020) found that 
tinnitus as a primary complaint was associated with notched and steep-sloping 
audiograms.   

2.5 The conceptual model 

In this PhD study, we investigated self-reported HA effectiveness in patients with age-
related HL. Figure 1 illustrates the conceptual model of the study and describes the four 
influencing factors investigated in three sub-studies (Study I-III) included in the 
dissertation.  The influencing factors on self-reported HA effectiveness include the effect 
of clinically relevant parameters, the impact of HA technology level, the effect of self-
reported occupational noise exposure, and the pathology behind the age-related HL 
using audiometric configuration and ART. The relationship between self-reported 
occupational noise exposure and the audiometric configuration is also described.   
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FIGURE  1. Conceptual model of contributing factors on self-reported hearing aid 
effectiveness in patients with age-related hearing loss.  
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3 AIM OF THE STUDY 

This dissertation covers three studies with the overall aim to provide a clearer 
understanding of influencing factors on perceived HA effectiveness in patients with age-
related HL.  

The purpose of the first study was to investigate the impact of clinically relevant 
parameters [e.g. degree of HL, word recognition scores (WRS), self-reported tinnitus, 
HA configuration (unilateral or bilateral fitting), motivation for HA treatment, HA usage 
time, sex, and age] on the IOI-HA scores to predict a successful HA treatment.  In 
addition, the study explored the improvement in IOI-HA scores when renewing HAs in 
experienced users.  

The second study aimed to investigate the impact of HA technology level on 
reported hearing abilities and HA effectiveness in patients with symmetric bilateral 
presbycusis using the IOI-HA and SSQ-12 outcome measure. Secondly, to investigate if 
differences in gain prescription measured with REM explain differences in reported 
outcomes.   

Finally, the third study aimed to explore the pathology behind the age-related HL 
in patients aged 60 years or older by investigating the effect of self-reported occupational 
noise exposure on (a) the audiogram configuration; (b) the ART; and (c) self-reported 
HA outcomes. 
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4 METHODS 

4.1 Study design and participants 

Data from the BEAR project was used in this study. The data were collected as part of 
the work package one (WP1) that focused on building a centralized clinical database on 
current clinical practice to represent typical audiological rehabilitation. Also, the aim of 
the work package was to identify and sub-characterize patient groups, with a particular 
interest in patients experiencing a low HA benefit. Thus, data from WP1 were suitable 
for this study. The database hold information on patient characteristics and survey data 
in combination with audiological data.  

Patients included in the BEAR project were adults referred for a HA treatment 
and were excluded if they were not able to read or understand Danish, had any cognitive 
decline such as dementia, preventing them from responding the questionnaire survey. 
Patients were recruited from the 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.  Data collection 
continued until June 2018.   

The consent to participate along with the audiogram and general medical history 
of each patient were forwarded in a referral letter to one of the two Departments of 
Audiology: Department of Audiology, OUH, or Department of Audiology, AAUH. All 
patients received information on study details, including a consent form, and a note on 
the patient´s rights related to participation. The inclusion procedure varied to some 
extent between the two departments. In the Region of Southern Denmark, a 
collaboration with the local ENT practitioners was established. Each patient was 
informed of the project and invited to participate during a visit to their local ENT 
whereas at AAUH, all patients without HA experience were already booked for a 
hearing examination and were sent an invitation to participate two weeks before their 
scheduled visit. In total, 2447 adults with a hearing deficit were invited to participate, 

from which 1961 accepted participation. 
Study I and Study III were designed as prospective observational studies as part 

of the BEAR project. Study II was designed as a randomized controlled trial (RCT), 
embedded in the BEAR project. Patients from the longitudinal design were recruited to 
take part in the RCT to test how different levels of HA technology affects patient-
reported outcomes.  A flow chart describing Studies I, II, and III is presented in Figure 
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2. In the first study, the BEAR population was divided into two groups based on level of
HA experience. All experienced users had at least four years of HA experience. The
study cohort included those completing the IOI-HA at baseline and/or follow-up
(n=1706).  The second study was designed as a two-arm parallel RCT. Data were
collected from a subgroup of 1159 patients 60 years of age or older with symmetric
bilateral presbycusis (symmetrical HL was defined as having less than 10 dB difference
in PTA-4 between right and left ear)  from the Region of Southern Denmark. In total, 231
patients were eligible for the study from which 208 accepted invitation. Patients were
allocated to either a premium-feature or basic-feature HA, and the randomization was
stratified on age, sex, and WRS. The randomization tool was set up in the Research
Electronic Data Capture (REDCap) database that automatically allocated patients to
either a premium or a basic HA. Ninety-seven patients received basic HA fitting and 93
received premium HA fitting. In the third study, data were collected in a subgroup of
patients who were 60 years or older with age-related HL and occupational noise
exposure data (n=1176).  A subset of 740 patients with available ART data were included
in the corresponding analysis.



26 

FIGURE 2. Flowchart of Studies I, II, and III as part of the Better Hearing Rehabilitation (BEAR) project. Hearing Aid, HA; Hearing Loss; 
HL; International Outcome Inventory for Hearing Aids, IOI-HA.   
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4.2 Ethics 

Permission for the BEAR project was granted by The Regional Committees on Health 
Research Ethics for Region Southern Denmark (S-20162000-64). In the BEAR project, all 
patients were informed about the research and signed an informed consent.  

In accordance with the Data Protection Act and the General Data Protection 
Regulation (GDPR), notification of the BEAR project (Journal number 16/18815) was 
send to the Danish Data Protection Agency via Region Southern Denmark when 
collection personal data. All participating partners in the BEAR project signed a Data 
Processing Agreement containing the applicable rights and obligations when handling 
personal data in the BEAR project. The signed agreement was filed using SharePoint at 
Odense Patient Explorative Network (OPEN) hosted by Region Southern Denmark.  

When conducting research, it is important to make patients aware of their rights 
to withdraw the consent at any given time, and this was stated in the information letter 
before data collection. According to the Danish healthcare system, all patients were 
informed that they had the opportunity to choose another HA model than the fitted one 
within the two months trial period. Patients were rehabilitated in accordance with the 
ethical obligation (CIOMS, 2016) stating that each patient should be treated with what is 
ethically right and proper.  

4.3 Data management 

The questionnaire survey was managed by the REDCap software that was developed by 
Vanderbilt University, Nashville, Tennessee, United States and hosted by OPEN in the 
Region of Southern Denmark (Harris et al., 2019).  A record identification number was 
assigned to each patient entered in the database after accepting participation and was 
carried out by the responsible researcher. The patients´ name and civil registration 
number (CPR) was manually entered a long with the scheduled appointment. All 
patients received and answered the questionnaire survey through an online link 
automatically generated by REDCap based on the scheduled appointment date and sent 
to their e-Boks. In Denmark, e-Boks is a private digital mailbox linked with CPR and is 
primarily used by public agencies to correspond with citizens in a secure way. A paper 
version was also available at the clinic for patients who were unable to fill out the form 
electronically. The responses were then manually entered into the database by a research 
assistant.  

The audiometric data were stored using the database, “AuditBase”, at both 
Audiological Departments. The audiometry software: OTOsuite (Otometrics), Titan and 
Affinity (Interacoustics) and HA fitting software was used to obtain audiometric and 
HA fitting data. The NOAH System was compatible with all software which makes 
integration across brands possible and ensured direct access to audiometric and HA 
data.  

4.4 Measurements 
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4.4.1 Audiometry 

All patients underwent a standard audiometry according to current clinical practice. 
Unaided pure-tone air-conduction thresholds was measured using the ascending 
method (ISO 8253) for left and right ear at standard audiometric frequencies (0.25, 0.50, 
(0.75), 1.0, (1.5), 2.0, (3.0), 4.0, (6.0) and 8.0 kHz). The frequencies: 0.75, 1.5, 3.0 and 6.0 
kHz were only tested if the neighbor octave frequencies provided a threshold difference 
of more than 20 dB. The contralateral ear was masked using narrow band noise 
whenever the bone-conduction threshold was ≥35 dB apart. Bone-conduction thresholds 
were measured at 0.5, 1.0, 2.0, and 4.0 kHz when needed by placing a bone stimulator 
on the mastoid process at the side of the test ear. Air- and bone-conduction thresholds 
were measured according to ISO8253-1:2010 (International Organization for 
Standardization) using TDH39 headphones, or ER-3A insert earphones during the tests, 
and the equipment were calibrated on a yearly basis.  

Unaided WRS was conducted by presenting 25 different monosyllabic words in 
quiet at the most comfortable listening level from the validated DANTALE-I wordlists 
(Elberling et al., 1989). The result is expressed in the percentage of correct responses to 
the words presented. A score of 100% shows that all words were correctly repeated. All 
the measurements described above were conducted in a soundproof booth and were 
carried out by certified and trained audiologists in both clinics. 

4.4.2 Tympanometry 

To measure the middle ear function including compensated static admittance, 
tympanometric width, peak pressure, and ear canal volume, conventional 
tympanometry was performed using standard equipment at OUH. A probe-tone of 226 
Hz was presented in the ear canal and admittance was measured while air pressure in 
the ear canal varied from +200 to –400 daPa (1 daPa = 10 Pascal). At AAUH, wideband 
tympanometry was measured using a Titan Suite IMP440. A probe tube in the ear canal 
provided 21.5 clicks per second at 100 dB SPL while the ear canal pressure changed from 
+250 daPa to –350 daPa with a pump speed of 100 daPa/second.

4.4.3 Acoustic reflex threshold 

The extracted reflex data were only available from the Department of Audiology, at 
OUH which is why the procedure is only described for OUH. Ipsilateral and 
contralateral ARTs were measured from left and right ear using standard clinical 
equipment; a MADSEN Zodiac 901 from Otometrics (Natus Medical Denmark, 
Taastrup) with Otometrics ear tips. The initial presentation level was 75 dB HL rising in 
5 dB steps to 105 dB NHL in 5 dB steps until the ART was obtained.  The ARTs were 
measured using three pure-tone elicitors; 1, 2, and 4 kHz and defined as the lowest 
stimulus intensity resulting in a reduction in middle-ear compliance of 0.03 ml. A 
continuous 226 Hz probe tone was used in the test ear to measure the reduction in 
compliance. Calibration was performed regularly according to international standards, 
IEC 60645-5.  

4.4.4 Self-reported hearing aid outcomes 

All patients completed a questionnaire survey two weeks before their first scheduled 
appointment in clinic and then again two months following HA fitting. The survey 
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included patient-reported HA outcome questionnaires and a non-standardized health-
related questionnaire containing questions on demographic details such as sex, age, HA 
experience, motivation, occupational status, and tinnitus.   

The self-reported outcomes were designed to capture the perceived HA 
effectiveness and benefit of the patients and included the SSQ-12 (Gatehouse & Noble, 
2004; Noble et al., 2013) and the IOI-HA (Robyn M. Cox et al., 2000). The SSQ-12 was 
designed to assess people’s perception of their listening capabilities in various situations 
and consists of 12 items targeting three different domains; speech, spatial, and sound 
quality. The response is an ordinal scale, and each item is scored from 0 to 10. A higher 
score reflects a better hearing ability. The IOI-HA is a seven-item questionnaire intended 
to probe the experience with HAs during the recent past (two weeks), reflecting the 
overall HA effectiveness. The response is an ordinal scale scored from 1 to 5. A higher 
score indicates a better outcome in the specific domains. Previous studies have identified 
two subscales within the IOI-HA using principal component analysis or factor analysis 
and is described as Factor 1 and Factor 2 scores (Cox and Alexander 2002, Kramer et al. 
2002, Brännström and Wennerström 2010, Jespersen et al. 2014). Factor 1 includes Items 
1, 2, 3, and 4 and is related to perceived HA benefit whereas Factor 2 includes Items 3, 5, 
and 6 and reflects perceived limitations with HL. The IOI-HA questionnaire was 
included in the survey at baseline if patients were experienced HA users at the time of 
inclusion.  

Due to the online versions of the questionnaires, some modifications were made 
to the SSQ-12. The response scale from 0 to 10 was marked by a cursor placed at the point 
of the scale corresponding to one's specified score. The response option, “not 
applicable”, was substituted with an option to leave the cursor untouched, 
corresponding to the answer, “not applicable”, or “do not know”.  

The self-reported THI questionnaire was used to quantify the impact of tinnitus 
on daily living. It was included in the survey if patients answered they had experienced 
“ringing” in the ears. The THI contains 25 items related to the functional, emotional, and 
catastrophic reactions to tinnitus (Newman et al., 1996). The response scale is consistent 
for all 25 items and divided in three options: “yes”, “sometimes”, or “no” that is scored 
4, 2, and 0 points respectively, thereby yielding a maximum score of 100.  

Two questions from an online motivation tool developed by the Ida Institute 
(idainstitute.com) were used to assess patients´ motivation for HA treatment (Study I, 
II). The specific questions were: “How important is it for you to improve your hearing?” 
(Study I), and “How much do you believe in your ability to use hearing aids?” (Study I, II). 
The response is an ordinal scale ranging from 0 to 10 where a higher score indicates a 
higher motivation (Clark, 2010).  

4.4.5 Estimating lifetime occupational noise exposure  

A self-reported noise questionnaire was designed to estimate the accumulated life-time 
occupational noise exposure (study III). To calculate the cumulative quantity of 
occupational noise exposure during each patient’s  working periods across lifespan, they 
were directed to report a) whether they were exposed to noise (yes/no); b) the number 
of occupations with noise  starting with the one consisting of the highest level of noise 
exposure; c) the number of years employed; d) the estimated length of a typical working 
day  for each occupation (full-day work, half-day work, less than half a day of work);  e) 
the estimated noise exposure intensity.  

The noise intensity was graded in 1) Extremely loud (cannot hear another person 
shout from 0.25m away), corresponding to 95 dB SPL; 2) very loud (cannot hear another 
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person shout from 0.5m away), corresponding to 90 dB SPL; 3) loud (cannot hear another 
person talk in elevated voice from 1m away), corresponding to 85 dB SPL and; 4) 
Disturbing (cannot easily hear another person talk in normal voice from 1m away), 
corresponding to 80 dB SPL. The noise intensity scale was used to state the approximate 
level of sound exposure in each specific occupation. 

To estimate the total equivalent noise exposure level (Leq), a yearly exposure level 
was calculated using the following formula, (1) (Schmidt et al., 2014):  

LAeq1y = 10log10 [(Equivalent Noise Exposure (years)*  100.1  Avg daily 

    NE**)job 1 + (…)job 2 + … (…)job 6 ]                                       (1)         

*Equivalent Noise Exposure (years) = Employment years x % of day working (assuming
8 hours as 100%, corresponding to full-day work; half-day work as 50%; less than half a
day of work as 25%), **NE= noise exposure.

Where LAeq1y is the cumulative equivalent A-weighted sound exposure in one 
year, calculated for each patient. The exposure estimate is arbitrary and not a result of 
exact measurements but based on the self-reported rankings of noise-intensity as stated 
above. Patients with the lowest 25% in LAeq1yLeq1y was excluded because self-report noise 
exposure data are affected by reporting bias.   

4.4.6 Real-ear measurements 

Real-ear measurements (REM) were performed at the follow-up visit that was scheduled 
approximately two months following HA fitting and was carried out by two research 
audiologists at OUH and by the same research audiologist at AAUH. The mean follow-
up time in this study was 73 days (SD=34).  

The REM was conducted both before and after any adjustments of the HAs and 
included measuring Real-ear unaided gain (REUG) at 65 dB SPL and real-ear occluded 
gain (REOG) at 65 dB SPL followed by measuring real-ear aided gain (REAG) at three 
different input levels (55 dB, 65 dB, and 80 dB SPL). The real-ear insertion gain (REIG) 
was derived from subtracting the unaided gain from the aided gain (REIG = REAG – 
REUG) (Study II). The international speech test signal (ISTS) was used as the stimulus, 
and the HAs were set to default so that all features were activated during the 
measurement. The REM module (REM440) of Affinity 2.0 (Interacoustics) was used and 
followed the standards: IEC 61669, (2015); ISO 12124, (2001); ANSI/ASA S3.46, (2013). 
Calibration was repeated before each session.  

The REM setup was coordinated between the responsible researchers in both 
sites to ensure a uniform performance of the measurements and with consultancy from 
senior specialists from FORCE technology and a senior scientist at Widex-Sivantos. An 
important note to make is that the REMs were only used for documentation in this study 
and not as basis for adjusting the HAs. This followed current clinical conventions in 
Danish hearing rehabilitation practice that rarely applies REM based adjustments. In 
addition, the HA usage time in hours per day was extracted from the fitting software. 
Some data logging showed usage time more than 18 hours per day and seems unreliable. 
This could be due to patients not turning off the HAs during night, and therefore, we 
decided to exclude HA data showing a use time of more than 18 hours per day in the 
corresponding analyses.  
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4.4.7 Hearing aids  

In Denmark, it is possible to receive free HAs as part of the public health care system, 
and therefore, patients can be treated with selected types of HAs that have been included 
as part of a regular ongoing public tender. All selected HAs in this study were available 
for the public tender in Denmark, and thus, representative of the HAs accessible for 
patients receiving their HAs free of charge from the Danish public healthcare system.  

Patients were fitted with HAs from one of three participating HA manufacturers 
in the BEAR project (with a basic or a more advanced HA from each manufacturer). The 
decision on HA model and the level of technology was based on patients’ individual 
type of HL and their hearing need that was assessed by the audiologists according to 
standard clinical practice in Denmark.  

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. Randomization was independent of 
individual factors such as age, sex, and degree of HL. However, if the allocated HA 
model was not suitable for the specific type of HL, other available HAs in the clinics 
from the public tender could be chosen.  The remaining approximately 25% were fitted 
with other HAs suitable for the given patient and available in the clinics.  However, only 
six different pairs of HAs from the three manufacturers were used in the RCT (Study II) 
and exemplified basic and premium-feature technology. Patients were excluded from 

the RCT study if they were fitted with another HA model than the allocated one.   

4.4.8 Hearing aid fittings 

Patients were fitted with HAs by certified and trained audiologists according to standard 
clinical practice in Denmark that most commonly use proprietary fitting algorithms 
suggested by the specific HA manufacturer. In this study, only 3% were fitted with 
generic fitting rationales. The decision on the acoustic coupling was based on individual 
characteristics of the ear canal and the hearing threshold of the patient.  

Patients were given instructions on volume adjustment and program options if 
relevant for the given HA. First-time HA users were given additional counseling on how 
to use their HAs. If necessary, some gain adjustments away from the proprietary first fit 
of HA were carried out to achieve a fitting that was acceptable to the patient. All feature 
settings were set according to the recommendation of the manufacturer for the patient´s 
specific HL. Following the two-month trial period, all patients had the opportunity to 
choose another model, or to decline the HA treatment according to the Danish public 
healthcare system. 

4.4 Statistical methods 

Descriptive statistics 
In Studies I-III, patients´ characteristics were described using means and standard 
deviations (SD) for normally distributed data or medians and interquartile range (IQR) 
for non-normally distributed data.  Distribution of categorical variables were presented 
in percentages. Group differences were compared using parametric t-test for continuous 
variables and chi-square test for categorical variables. For non-normally distributed 
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continuous variables, Mann-Whitney U, Wilcoxon, and Kruskal-Wallis tests were used. 
All tests were performed two-tailed and the level of significance was set at p<0.05.  

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 (GBD) 
classification (Shield, 2019; Stevens et al., 2013) 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 the same ‘severe and profound’ group. 

Audiogram configurations were classified according to the international 
electrotechnical commission (IEC) standard 60118-15 (Bisgaard et al., 2010). In this 
classification, ten standard types of audiograms cover the entire range of audiograms 
typically seen in the clinical practice and consist of N1 to N7 describing the flat and 
moderately sloping standard audiograms whereas the S1 to S3 describes the steep-
sloping audiograms. 

Linear regression models (Study I, II, III) 
Linear regression models were used in Study I to test the hypothesis that the outcomes 
of either total IOI-HA, Factor 1, or Factor 2 scores were affected by the clinically relevant 
parameters (degree of HL based on the Global Burden of Disease [GBD] classification, 
WRS, motivation, HA usage time, HA configuration, self-reported tinnitus [patients 
reporting a THI score>16], asymmetry defined as PTA-4 difference >10 dB HL, sex, and 
age).  

In Study II, linear regression was used to test the hypothesis that premium-
feature HAs yielded better self-reported outcomes than basic-feature technologies in 
terms of overall SSQ score, SSQ domain scores, IOI-HA total score, and IOI-HA Factor 1 
and Factor 2 scores. All models were adjusted for sex, age, WRS, motivation, and mean 
REIG deviation from NAL-NL2 targets at 1, 2, and 4 kHz. The models including SSQ 
score as the outcome were additionally adjusted for baseline SSQ score. Variance 
inflation factor (VIF) was used to test multi-collinearity between independent variables 
in all linear regression models.  

In Study III linear regression was used to test the hypothesis that self-reported 
HA efficacy using the IOI-HA and hearing ability using the SSQ12 depends on self-
reported occupational noise exposure. A significant interaction between sex and 
occupational noise exposure status was observed, and therefore, the models were 
stratified by sex. All models were adjusted for age, WRS (left and right ear) and PTA-4 
(left and right ear).  

Using linear regression as statistical model, the outcomes were treated as an 
interval scale despite that they have ordinal scale properties. As it has recently been 
pointed out by Leijon et al. (2020) that the 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 (Study I). Moreover, as an additional sensitivity analysis, we 
applied ordinal logistic regression to the raw IOI-HA scores (Study I) and SSQ-12 scores 
(Study II) to investigate if this resulted in consistent estimates. However, ordered logistic 
regression did not result in any significant differences in the estimates (Study I, II). For 
better interpretation purposes, linear regression was applied as the statistical analyses, 
and bootstrapping was applied to compensate for non-normally distributed residuals 
(Study I, II).  
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Multinominal regression analyses 
In Study III, multinominal regression analyses were applied to test the hypothesis that 
self-reported occupational noise exposure affects audiogram configuration in patients 
with age-related HL.  Odds ratio (OR) and 95% confidence interval (CI) were calculated 
for having steep-slope audiograms (S1-S3) compared to flat and moderate sloped (N1-
N7 in Bisgaard classification) audiometric shapes. Occupational noise exposure, PTA-4 
and SSQ-12 score were included in the model with their respective interaction term with 
sex.  All analyses were adjusted for age, sex, and ear of measurement. Patients’ 
identification number was also included into the model as random effect to account for 
two measurements for the same individual. The model was repeated four times to 
include SSQ-12 total score and SSQ-12 domain score (speech, space, and sound quality) 
separately. 

Mixed Linear Models 
In Study III, four sets of mixed model analysis were applied to test the hypothesis that 
increased ARTs are associated with self-reported noise exposure, PTA-4, and SSQ score. 
Each set of the model was repeated six times using ipsilateral and contralateral ART at 
the three test frequencies (1kHz, 2kHz, and 4 kHz) as outcome, respectively. Each model 
included a distinct SSQ score as independent variable (SSQ-12 total, speech, space, and 
sound quality domain score). All models were additionally adjusted for PTA-4 (left and 
right ear), age, sex, and ear of measurement. Patients’ identification number was 
included into the model as random effect to account for multiple measurements for the 
same individual.  

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

5.1 Characteristics of patients (Study I, II, III) 

A total of 1961 patients participated in the BEAR project from which three subgroups 
were included in this PhD study.  Table 2 summarizes the characteristics of the patient 
cohorts in Study I, II, and III. Patients included in study I were slightly younger than 
Study II and III, and the PTA-4 levels for right and left ear were slightly higher in the 
Study III patient cohort. 

TABLE 2. Patients´ characteristics in the three Studies I, II, and III. 

Study I 
(n=1706) 

Study II 
(n=190) 

Study III 
(n=1176) 

Median IQR Median IQR Median IQR 

Age 69.0 12.0 71.0 10.0 70.6 9.2 
PTA-4 (dB HL) 
  Right ear 
  Left ear  

37.5 
38.8 

17.5 
17.5 

36.9 
37.1 

11.3 
12.3 

39.4 
40.0 

16.9 
16.2 

SSQ12 mean total score at 
follow-up 

6.1 2.7 6.8 2.5 6.1 2.7 

IOI-HA mean total score at 
follow-up 

4.0 1.0 4.1 0.9 4.1 1.0 

% % % 

Women 41 43 43  

WRS 
   Right ear 
   Left ear 

91 
89 

92 
92 

93 
91  

Inter-Quartile Range, IQR; Hearing Loss, HL; Pure Tone Average at 0.5, 1, 2, and 4 kHz, PTA-4; 
The short form of Speech, Spatial, and Qualities of Hearing Scale, SSQ12; International Outcome 
Inventory for Hearing Aids, IOI-HA;  Word Recognition Score, WRS.  
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5.2 Differences between first-time and experienced users (Study I) 

On average, experienced users were 1.8 years older than first-time users (95%CI: 0.57; 
2.98, p<0.01).  The experienced users had 11.1 dB HL (95%CI: 9.8; 12.4, p<0.001) higher 
Better Ear Average (BEA) thresholds and the median WRS was 7% points (z= -9.0, 
p<0.001) lower than first-time users.  Based on BEA, the most prevalent type of HL 
among the experienced users was moderate HL (44% baseline and 45% follow-up), 
whereas mild HL (46%) was the most prevalent type of HL among first-time users. In 
total, 97% of experienced and 95% of first-time users were bilaterally fitted with HA. 
Median data logged HA usage time per day showed that experienced users used their 
HAs 3 hours (z=7.4, p<0.001) more per day. Finally, when investigating level of 
motivation on a scale from 0 to 10 using question one (Q1) from the Ida institute´s 
motivation tool, we found that experienced users were significantly more motivated for 
HA treatment with a 1.4 higher score than first-time users (z=11.2, p<0.001). Figure 3 
illustrates the differences in IOI-HA factor scores at follow-up between first-time and 
experienced HA users. The experienced users reported significantly higher Factor 1 
scores related to perceived HA benefit, but significantly lower Factor 2 scores related to 
residual difficulties than first-time users.  

FIGURE 3. Boxplots showing the mean International Outcome Inventory for 
Hearing Aids (IOI-HA) Factor 1 (benefit) and Factor 2 (residual  
difficulties) score at follow-up by level of hearing aid experience. 

5.3 Factors significantly associated with total IOI-HA, Factor 1, and 
Factor 2 scores (Study I) 

Factors significantly affecting Factor 1 scores 
Results from the linear regression analysis are presented in Table 3 and 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 
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(95%CI: 0.3; 2.0, p<0.01) compared to patients with mild HL. 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. Among 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 one hour increase in HA usage time. When interpreting the 
results, it is important to understand that HA usage time naturally correlates with Factor 
1 as self-reported HA usage time is implemented in Factor 1.  

Female experienced users reported a Factor 1 score that was 0.9 (95%CI: -1.6; -
0.3, p<0.01) units lower than men, and experienced 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. 

 
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. In contrast, only experienced users with moderate to severe and severe & 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) lower 
Factor 2 scores, respectively, compared to experienced users with mild HL.  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 irrespective of high motivation 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 experienced users for every one hour 
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 bothersome 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.   

5.4 Improvement of IOI-HA scores renewing hearing aids in 
experienced users (Study I)  

Figure 4 shows the change in mean scores for each of the seven items and the average of 
all seven items of IOI-HA from baseline to follow-up in the experienced users (n=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: z=4.6, p<0.001; 
Item2: z=3.0, p<0.01; Item3: z= 9.6, p<0.001; Item4: z= 4.2, p<0.001; Item5: z= 9.9, p<0.001; 
Item6: z=10.7, p<0.001) except for Item 7 (z= 1.2, p=0.3), and the average increase in 
median IOI-HA item score was 0.4 (z= 8.2, p<0.001). Factor 1 and Factor 2 rank scores 
increased significantly by 0.8 (z= 2.8, p<0.01) and 1.9 (z=12.1, p<0.001) respectively. 
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FIGURE 4. Mean score changes for 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 
(n=460). 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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TABLE 3. Associations between the International Outcome Inventory for Hearing Aids (IOI-HA) Factor 1, Factor 2, or total IOI-HA follow-up score 
and clinical parameters in first-time (n=1090) and experienced (n=417) users. 

 First-time users (n=1090) Experienced users (n=417) 

 

Factor 1 Factor 2 Total IOI-HA Factor 1 Factor 2 Total IOI-HA 

Adj. R2=0.31, 
Prob>F =0.00 

Adj. R2=0.10, 
Prob>F =0.00 

Adj. R2=0.23, 
Prob>F =0.00 

Adj. R2=0.14, 
Prob>F =0.00 

Adj. R2=0.14, 
Prob>F =0.00 

Adj. R2=0.13, 
Prob>F =0.00 

Explanatory variable: Coef. (95%CI) p Coef. (95%CI) p Coef. (95%CI) p Coef. (95%CI) p Coef.  (95%CI) p Coef.  (95%CI) p 

Degree of HL 
(ref. mild HL) 

            

    Normal -0.59 (-1.27; 0.10) 0.09 -0.18 (-0.63; 0.27) 0.44 -0.77 (-1.74; 0.21) 0.12 -0.46 (-2.87; 1.95) 0.71 -0.95 (-2.91; 1.02) 0.34 -1.38 (-5.28; 2583) 0.49 

    Moderate 0.79 (0.37; 1.22) <0.01 -0.41 (-0.69; -0.13) <0.01 0.38 (-0.23; 0.99) 0.22 1.13 (0.30; 1.96) <0.01 0.36 (-0.32; 1.04) 0.30 1.58 (0.23; 2.93) 0.02 

    Moderate-Severe 0.01 (-0.85; 0.88) 0.98 -0.74 (-1.31; -0.17) 0.01 -0.72 (-1.96; 0.51) 0.25 0.74 (-0.29; 1.78) 0.16 -0.79 (-1.64; 0.05) 0.01 0.01 (-1.68; 1.69) 1.00 

    Severe & Profound -0.83 (-3.27; 1.61) 0.50 -2.38 (-3.99; -0.78) <0.01 -3.22 (-6.69; 0.25) 0.07 -0.44 (-1.95; 1.07) 0.57 -2.13 (-3.36; -0.90) <0.01 -2.53 (-4.99; -0.08) 0.04 

WRS (best ear) 0.01 (-0.01; 0.04) 0.28 0.04 (0.02; 0.05) <0.01 0.05 (0.01; 0.08) 0.01 0.01 (-0.02; 0.04) 0.42 -0.02 (-0.00; 0.04) 0.12 -0.03 (-0.02; 0.07) 0.21 

Motivation Q1 0.29 (0.20; 0.38) <0.01 -0.12 (-0.18; -0.05) <0.01 0.18 (0.04; 0.31) 0.01 0.09 (-0.12; 0.29) 0.40 -0.31 (-0.48; -0.14) <0.01 -0.22 (-0.56; 0.11) 0.20 

HA usage time 0.38 (0.34; 0.42) <0.01 0.08 (0.06; 0.10) <0.01 0.46 (0.40; 0.51) <0.01 0.20 (0.14; 0.26) <0.01 0.06 (0.02; 0.11) <0.01 0.26 (0.16; 0.35) <0.01 

HA configuration  
(ref. bilateral) 

-0.34 (-1.29; 0.64) 0.51 -0.08 (-0.67; 0.59) 0.90 -0.37(-1.74; 1.01) 0.60 -1.57 (-3.75; 0.62) 0.16 0.21 (-1.57; 1.99) 0.82 -1.33 (-4.88; 2.21) 0.46 

Tinnitus  
(ref: no tinnitus) 

0.38 (-0.09; 0.85) 0.11 -0.49 (-0.79; -0.18) <0.01 -0.11(-0.78; 0.56) 0.75 -0.04 (-0.86; 0.78) 0.93 -0.34 (-1.01; 0.33) 0.32 -0.37 (-1.70; 0.96) 0.59 

Asymmetric HL  
(ref. symmetric HL)  

-0.15 (-0.61; 0.32) 0.53 -0.33 (-0.63; -0.02) 0.04 -0.47(-1.13; 0.19) 0.16 0.82 (0.02; 1.62) 0.04 0.14 (-0.51; 0.79) 0.67 0.97 (-0.32; 2.26) 0.14 

Sex (ref. men) 0.23 (-0.14; 0.59) 0.22 0.21 (-0.03; 0.45) 0.09 0.43 (-0.08; 0.95) 0.10 -0.93 ( -1.56; -0.30) <0.01 -0.62 (-1.13; -0.11) 0.02 -1.60 (-2.63; -0.58) <0.01 

Age, years -0.03 (-0.04; -0.01) <0.01 0.00 (-0.01; 0.02) 0.55 -0.02 (-0.05; 0.01) 0.12 -0.00 (-0.03; 0.03) 0.81 -0.01 (-0.04; 0.01) 0.30 -0.02 (-0.07; 0.03) 0.48 

Constant 10.1 (7.3; 13.0) <0.01 9.7 (7.9; 11.6) <0.01 19.9 (15.8; 24.0) <0.01 12.2 (7.9; 16.6) <0.01 13.5 (9.94; 17.0) <0.01 25.9 (18.9; 32.9) <0.01 

Statistical method: Multiple linear regression analysis including the degree of hearing loss (HL) using Global Burden of Disease classification (Stevens et al., 2013) based on 
Pure Tone Average (PTA-4), Word Recognition Score, WRS; Motivation question , Q1 from Ida Institute (Clark, 2010); Hearing Aid, HA usage time, tinnitus (THI score >16) , 
asymmetry (PTA-4 diff>10 dB HL), sex, and age as explanatory variables. Significance levels p<0.05 are marked in bold. 
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5.5 Differences in real-ear insertion gain between premium-feature 
and basic-feature hearing aids (Study II)  

In Study II, designed as an RCT, patients with symmetrical presbycusis was included. 
REM was used to investigate if differences in insertion gain between premium and basic 
HAs could explain differences in self-reported outcomes. Differences between the first-
fit of all six HAs and NAL-NL2 target are demonstrated in Table 4. There was no 
statistically significant difference in how much the measured insertion gain deviated 
from NAL-NL2 target gain between premium and basic HAs across the three companies 
(A, B, and C). However, a comparison of premium and basic HA within company A, B, 
and C showed a statistically significant difference between premium and basic level HA 
in how much the amplification differed from the NAL-NL2 prescription at 2 kHz for 
company A and at 1 and 2 kHz for company B. The mean difference between the 
measured insertion gain and NAL-NL2 target gain varied from 2 to 3 dB between 
premium and basic level HA at these frequencies. 
 
TABLE 4. Mean Differences (dB) Between Real-Ear Insertion Gain and NAL-NL2 

Target for the six Research Hearing Aids. 

 
 
Figure 5 illustrates the mean insertion gain at 125 Hz to 8000 Hz for the first fit of 
premium and basic HAs using the ISTS as test stimuli at 65 dB SPL (Holube et al., 2010). 
Data are given for the average of the left and right ear. The figure demonstrates the 
difference in the prescribed gain between the average of all three premium HAs and the 
average of all three basic HAs used in the study. The average prescribed gain is highly 
similar for the two levels of HA technology. However, if we look at the gain levels for 
premium and basic HAs within each company (A, B, and C) shown in Figure 6, there 
appears to be a difference in the average prescribed gain between the premium and basic 
HAs. The largest difference is observed at 1 kHz (Company B) and 2 kHz (Company A 
and C). The absolute value of the (mean) difference between premium and basic HA was 
calculated to be approximately 3 dB gain at 1 kHz in Company B and 2 dB gain at 2kHz 
in Company A and C, which are relatively small gain differences. 

Frequency, 

kHz 

Hearing Aids 

Basic A Premium A Basic B Premium B Basic C Premium C 

0.5 0.6 (2.0) 0.3 (0.9) 0.8 (1.9) 0.1 (2.7) 0.1 (1.5) 0.3 (1.7) 

1.0 -3.2 (2.7) -3.3 (2.1) 2.1 (4.1)* -0.2 (3.6) -2.6 (3.8) -3.1 (3.7) 

2.0 -5.7 (3.3)** -2.0 (3.6) -0.9 (4.6)* -3.6 (4.4) -2.8 (3.6) -1.3 (4.3) 

4.0 -11.4(4.0) -9.3 (4.4) -8.4 (5.1) -9.9 (4.4) -6.9 (4.5) -6.1 (5.1) 

Data for left and right ears were averaged for each patient (n=162). Standard deviations are given in 
parentheses. * significance at p<0.05, ** significance at p<0.001when comparing data for each pair of 
premium and basic hearing aid.  
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FIGURE 5.  Average Insertion Gain at 65 dB SPL input level obtained from Left and 

Right Ear of Three Companies by Level of Hearing Aid Technology 
(n=162). Error bars show 1 standard error of the mean. 

 
 
 

FIGURE 6.   Average Insertion Gain at 65 dB input Level Obtained for Left and Right 
Ear by Level of Hearing Aid Technology and Companies (A, B, C) 
(n=162). Error bars show 1 standard error of the mean. 
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5.6 Differences in self-reported outcomes using premium or basic 
hearing aids (Study II)  

Table 5A and 5B show the results from the regression analyses that investigated if 
premium-feature HA users reported significantly greater HA effectiveness using the 
IOI-HA and improved hearing ability using the SSQ-12 compared to basic-feature HA 
users. Premium-feature HA users did not report a significantly higher IOI-HA Factor 1 
score (diff=0.03, 95%CI:-1.1; 1.2, p=0.96), Factor 2 score (diff=0.11, 95%CI:-0.7; 0.5, 
p=0.73), or IOI-HA total score (diff=0.03, 95%CI:-1.6;1.7, p=0.97) compared to basic-
feature HA users.  However, when using SSQ scores as  outcome in the same model 
showed that premium-feature HA users reported a 0.8 (95%CI: 0.2;1.4, p=0.01) units 
higher speech score and a 0.6 (95%CI: 0.2;1.1, p=0.01) units higher sound quality score 
compared to basic-feature HA users. Premium-feature HA users also reported 0.7 
(95%CI: 0.2;1.1, p<0.001) units higher SSQ-12 total mean score of than basic-feature HA 
users. 

5.7 Effect of self-reported occupational noise exposure on 
audiogram configuration, acoustic reflex thresholds, and self-
reported hearing aid outcomes (Study III)  

In the third study, we investigated the effects of previous occupational noise exposure 
on audiogram configuration in patients with age-related HL (n=1176) using multinomial 
logistic regression analysis, and the results are shown in Table 6. Men with a history of 
noise exposure had almost two times higher odds for having steep-slope audiogram 
configuration when compared to non-exposed men. Additionally, noise exposed women 
had three times higher odds for having a steep-slope audiogram than non-exposed 
women. Figure 7 shows the mean audiogram threshold for men and women with and 
without noise exposure. The effect of noise exposure on the audiometric slope in both 
men and women were not very clear. However, a slightly steeper sloped audiogram can 
be observed in men with noise exposure from 3 kHz to 4 kHz compared to non-exposed 
men. The difference in audiometric shape between men and women is more diverse. 
Men have more steep-slope audiograms whereas women appear to have a flatter 
audiogram. 

In this study we also investigated if self-reported HA benefit and efficacy were 
affected by self-reported occupational noise exposure in men and women with age-
related HL. Table 7 shows that men with occupational noise exposure reported lower 
SSQ total score, lower speech domain score, and lower sound quality domain score 
compared to non-exposed men, even when adjusting for baseline SSQ scores. No 
difference was shown in women.  

A subset of 740 patients with available AR data were included in the 
corresponding analysis. We investigated, if elevated ipsilateral and contralateral ARTs 
were related to self-reported occupational noise exposure and poorer self-reported HA 
benefit, and the results from the mixed model analysis are presented in Table 8 
(ipsilateral ARTs).  No significant difference in ARTs at 1, 2, or 4 kHz between noise-
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exposed and non-exposed patients was found. Overall, PTA-4 was significantly 
associated with elevated ARTs. 
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TABLE 5A. Associations Between Self-reported Hearing Aid (HA) Outcome Using the International Outcome Inventory for 
Hearing Aids (IOI-HA) Score and Level of HA Technology in Patients with Symmetric Presbycusis. 

 

 
 
 
 
 
 

Explanatory variables 

IOI-HA Factor 1  

(n=157) 

Adj. R
2
=0.08 

IOI-HA Factor 2  

(n=157) 

Adj. R
2
=0.05 

IOI-HA total  

(n=157) 

Adj. R
2
=0.08 

 
Coef. (95% CI) p-value Coef. (95% CI) p-value Coef. (95% CI) p-value 

Primary explanatory variable       

HA technology level (Ref: Basic) 0.03 (-1.15; 1.22) 0.96 -0.11 (-0.74; 0.52) 0.73 -0.03 (-1.62;1.68) 0.92 

Secondary explanatory variables       

WRS (average left and right ear) 0.01 (-0.07; 0.09) 0.82 0.03 (-0.01; 0.08) 0.14 0.04 (-0.06;0.14) 0.47 

Motivation Q1 0.28 (-0.07; 0.64) 0.12 -0.02 (-0.22; 0.18) 0.84 0.23 (-0.24; 0.7) 0.43 

Motivation Q2 0.28 (-0.06; 0.61) 0.09 0.05 (-0.14; 0.24) 0.54 0.32 (-0.11;0.77) 0.13 

Sex (ref: men) 0.17 (-0.96; 1.30) 0.77 -0.22 (-0.86; 0.42) 0.50 -0.18 (-1.55;1.45) 0.84 

Age 0.00 (-0.08; 0.09) 0.94 -0.01 (-0.06; 0.03) 0.59 -0.01 (-0.12;0.10) 0.88 

REIG dev from target 1 kHz -0.09 (-0.24; 0.07) 0.32 -0.03 (-0.11; 0.06) 0.57 -0.16 (-0.32;0.10) 0.29 

REIG dev from target 2 kHz 0.07 (-0.15; 0.29) 0.56 0.07 (-0.06; 0.19) 0.29 0.03 (-0.16;0.43) 0.86 

REIG dev from target 4 kHz 0.00 (-0.15: 0.15) 0.97 0.01 (-0.08; 0.09) 0.84 0.14 (-0.19;0.21) 0.17 

Constant 10.34 (-1.33; 22.02) 0.09 11.03 (4.45; 17.61) 0.00 21.37 (5.84;36.91) 0.01 

Statistical method: Multiple linear regression analysis with applied bootstrapping with 5000 replications. Word Recognition Scores, WRS; Motivation 

Question One from Ida Institute (Clark, 2010), Q1; Motivation Question Two from Ida Institute (Clark, 2010), Q2;  Real-Ear Insertion Gain, REIG.  
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TABLE 5B.  Associations Between Self-reported Hearing Aid (HA) Outcome using the Speech, Spatial, and Qualities of Hearing (SSQ) Score 
and Level of Hearing Aid Technology in Patients with Symmetric Presbycusis. 

 

 
SSQ-12 speech 

(n=158) 

Adj. R
2
=0.22 

SSQ-12 spatial 
(n=158) 

Adj. R
2
=0.38 

SSQ-12 sound quality 
(n=157) 

Adj. R
2
=0.22 

SSQ-12 total 
(n=157) 

Adj. R
2
=0.33 

  Coef. (95% CI) p-value Coef. (95% CI) p-value Coef. (95% CI) p-value Coef. (95% CI) p-value 

Primary explanatory variable         

HA technology level  
(ref: Basic) 

0.80 (0.2;1.4) 0.01 0.41(-0.1;0.9) 0.11 0.64 (0.2;1.1) 0.01 0.67 (0.2;1.1) <0.001 

Secondary explanatory variables         

WRS (average of left and right ear) 0.04 (0.0;0.1) 0.06 0.04 (0.01;0.1) 0.02 0.02 (-0.01;0.1) 0.24 0.03 (0.0;0.1) 0.05 

Motivation Q1 0.19 (-0.1;0.4) 0.08 0.21 (0.1;0.4) 0.03 0.12 (-0.03;0.3) 0.09 0.19 (0.1;0.3) 0.01 

Motivation Q2 0.01 (-0.2;0.9) 0.96 0.02 (-0.1;0.2) 0.77 0.01 (-0.1;0.1) 0.93 0.00 (-0.1;0.1) 0.98 

Sex (ref: men) -0.36 (0.9;0.2) 0.22 -0.74 (-1.3;-0.2) 0.01 -0.09 (-0.6;0.4) 0.71 -0.35 (-0.8;0.1) 0.12 

Age -0.04 (-0.1;0.0) 0.06 -0.01 (-0.1;0.03) 0.59 -0.02 (-0.1;0.01) 0.22 -0.02 (-0.1;0.01) 0.19 

REIG deviation from target at 1 kHz -0.02 (-0.1;0.1) 0.16 -0.05 (-0.1;0.02) 0.17 0.02 (-0.04;0.1) 0.50 -0.02 (-0.1;0.04) 0.56 

REIG deviation from target at 2 kHz 0.04 (-0.1;0.2) 0.35 0.05 (-0.1;0.02) 0.33 0.03 (-0.1;0.1) 0.55 0.03 (-0.1;0.1) 0.45 

REIG deviation from target at 4 kHz -0.02 (-0.1;0.1) 0.64 -0.02 (-0.1;0.1) 0.62 -0.01 (-0.1;0.1) 0.66 0.00 (-0.1;0.1) 0.92 

B_SSQ-12 for corresponding domain  0.32 (0.2;0.5) <0.001 0.48 (0.4;0.6) <0.001 0.41 (0.3;0.6) <0.001 0.49 (0.3;0.6) <0.001 

Constant  2.72 (-3.3;8.7) 0.37 -0.66 (-6.1;4.8) 0.81 3.40 (-1.7;8.5) 0.19 1.35 (-3.3;6.0) 0.57 

Statistical method: Multiple linear regression analysis with applied bootstrapping with 5000 replications. Word Recognition Scores, WRS; Motivation 
Question One from Ida Institute (Clark, 2010), Q1; Motivation Question Two from Ida Institute (Clark, 2010), Q2; Real-Ear Insertion Gain, REIG, Baseline 
SSQ-12 score, B_SSQ-12.  Significant p-values marked in bold. 
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TABLE 6.  Associations between Audiogram Configuration, Self-Reported Occupational Noise Exposure, and Self-reported Hearing Aid  
Outcome in Patients Aged 60 years or Older (n=1153). 

 

  
Steep-sloping (S1-S3), (ref. flat and moderately sloping, N1-N7) 

 
 Men (n=662) Women (n=491) 

   OR (95% CI) p-value OR (95% CI) p-value 

Model I 

Exposed to noise (ref. not exposed to noise) 1.90 (1.07-3.37) 0.03 3.08 (1.17-8.15) 0.02 

SSQ12 baseline overall score 0.84 (0.72-0.99) 0.04 1.02 (0.80-1.30) 0.89 

PTA-4 (left and right ear) 1.00 (0.99-1.02) 0.57 1.00 (0.97-1.03) 0.92 

Model II 

Exposed to noise (ref. not exposed to noise) 1.99 (1.12-3.52) 0.02 3.00 (1.14-7.92) 0.03 

SSQ12 baseline speech domain score 0.90 (0.78-1.03) 0.13 1.01 (0.82-1.25) 0.91 

PTA-4 (left and right ear) 1.01 (0.99-1.02) 0.44 1.00 (0.97-1.03) 0.87 

Model III 

Exposed to noise (ref. not exposed to noise) 2.17 (1.23-3.83) 0.01 3.10 (1.17-8.22) 0.02 

SSQ12 baseline spatial domain score 0.95 (0.84-1.07) 0.38 1.05 (0.87-1.27) 0.61 

PTA-4 (left and right ear) 1.01 (0.99-1.02) 0.40 1.00 (0.97-1.03) 0.96 

Model IV 

Exposed to noise (ref. not exposed to noise) 1.86 (1.05-3.29) 0.03 3.09 (1.17-8.17) 0.02 

SSQ12 baseline sound quality domain score 0.80 (0.69-0.93) 0.004 0.98 (0.78-1.24) 0.86 

PTA-4 (left and right ear) 1.00 (0.99-1.02) 0.66 1.00 (0.97-1.03) 0.84 

Statistical method: multinominal logistic regression; occupational noise exposure and self-reported hearing aid outcomes were included into the model 
with their respective interaction terms with sex; all models were additionally adjusted for age, sex, and ear (left vs. right) The short form of the Speech, 
Spatial, and Qualities of Hearing Scale, SSQ12; Pure-Tone Average of 0.5, 1, 2, and 4 kHz, PTA-4; Odds Ratio, OR.  Significant p-values marked in bold. 
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TABLE 7.  Associations between Self-Reported Hearing Aid Outcome and Self-Reported Occupational Noise Exposure Status in Patients  

Aged 60 Years or Older by Gender. 
 

 Noise exposed (ref. non-exposed) 

 Men (n=575) Women (n=409) 

Self-reported hearing aid outcome β 95% CI p-value R2 β 95% CI p-value R2 

SSQ12 follow-up overall score -0.32 (-0.57; -0.06) 0.01 0.36 0.22 (-0.32; 0.63) 0.28 0.37 

SSQ12 follow-up speech domain score -0.53 (-0.85; -0.22) 0.001 0.32 0.31 (-0.19; 0.80) 0.22 0.28 

SSQ12 follow-up spatial domain score -0.14 (-0.44; 0.15) 0.34 0.34 0.17 (-0.31; 0.82) 0.47 0.34 

SSQ12 follow-up sound quality 
domain score 

-0.31 (-0.58; -0.04) 0.02 0.28 0.13 (-0.47; 0.51) 0.53 0.35 

IOI-HA total score  0.03 (-0.78; 0.85) 0.94 0.02 0.60 (-0.74; 1.95) 0.38 0.01 

IOI-HA Factor 1 score  0.35 (-0.43; 0.71) 0.22 0.02 0.39 (-0.41; 1.32) 0.42 0.03 

IOI-HA Factor 2 score  -0.31 (-0.69; 0.08) 0.12 0.09 0.22 (-0.38; 0.84) 0.47 0.10 

Statistical method: multiple linear regression analysis. All models were additionally adjusted for age, Word Recognition Score (left and right ear), Pure-
tone Average of 0.5, 1, 2, and 4 kHz (left and right ear), and models including SSQ score were adjusted for baseline SSQ12 scores.  Significant p-values 
marked in bold. 
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TABLE 8.  Associations between Ipsilateral Acoustic Reflex Threshold (ART), Self-Reported Occupational Noise Exposure, and Self- 
Reported Hearing Aid Outcome in Patients Aged 60 Years or Older (n=381). 

    Ipsilateral ART 

  1kHz   2kHz   4kHz 

    β 95% CI p-value   β  95% CI p-value   β 95% CI p-value 

Model I 

Exposed to noise  
(ref: Non-exposed)  

0.61 (-1.18; 2.40) 0.50 0.94 (-1.11; 2.99) 0.37 1.05 (-1.00; 3.11) 0.32 

SSQ12 baseline total score -0.04 (-0.53; 0.44) 0.86 0.16 (-0.38; 0.70) 0.57 0.11 (-0.47; 0.68) 0.72 

PTA-4 (dB HL) 0.10 (0.03; 0.17) 0.004 0.13 (0.04; 0.21) 0.003 0.12 (0.03; 0.22) 0.01 

Model II 

Exposed to noise  
(ref: Non-exposed) 

0.66 (-1.13; 2.44) 0.47 0.94 (-1.11; 2.98) 0.37 1.05 (-1.01; 3.11) 0.34 

SSQ12 baseline speech 
domain score 

0.02 (-0.39; 0.44) 0.91 0.14 (-0.32; 0.60) 0.55 0.08 (-0.39; 0.56) 0.74 

PTA-4 (dB HL) 0.10 (0.03; 0.17) 0.003 0.13 (0.04; 0.21) 0.003 0.12 (0.03; 0.21) 0.01 

Model III 

Exposed to noise  
(ref: Non-exposed) 

0.58 (-1.19; 2.36) 0.52 0.93 (-1.11; 2.96) 0.37 1.07 (-0.97; 3.12) 0.30 

SSQ12 baseline space 
domain score 

-0.12 (-0.48; 0.24) 0.51 0.13 (-0.28; 0.54) 0.53 0.13 (-0.30; 0.56) 0.56 

PTA-4 (dB HL) 0.10 (0.03; 0.17) 0.004 0.13 (0.04; 0.21) 0.003 0.13 (0.04; 0.22) 0.01 

Model IV 

Exposed to noise  
(ref: Non-exposed)  

0.66 (-1.12; 2.44) 0.47 0.86 (-1.18; 2.90) 0.41 0.99 (-1.05; 3.03) 0.34 

SSQ12 baseline sound 
quality domain score 

-0.01 (-0.46; 0.46) 0.99 0.05 (-0.46; 0.57) 0.85 0.002 (-0.54; 0.54) 0.995 

PTA-4 (dB HL) 0.10 (0.03; 0.17) 0.004 0.12 (0.04; 0.21) 0.01 0.12 (0.03; 0.21) 0.01 

Statistical method: mixed model; reference for exposed to noise: not exposed to noise; all models additionally adjusted for age, sex, and ear (left vs. right). SSQ12, The short 
form of the Speech, Spatial, and Qualities of Hearing Scale; PTA-4, Pure-Tone Average of 0.5, 1, 2, and 4 kHz. Significant p-values marked in bold.  
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FIGURE 7. Average Hearing Thresholds in Men and Women Aged 60 Years or Older  
with and without Occupational Noise Exposure (n=1171).  
Note: Error bars show 1 standard error of the mean. 
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6 DISCUSSION  

6.1 Pathology of age-related hearing loss and the effects of self-
reported occupational noise exposure  

The findings in the current study underline the complexity of disentangling the effect of 
aging from the effect of noise exposure on HL in older adults. Evidence suggests that 
noise aggravates age-related HL, but limited research explores if this effect remains 
evident in older people. However, this study demonstrated that self-reported 
occupational noise exposure leads to audiograms with steeper slopes in the high 
frequency domains in patients 60 years of age or older with age-related HL. This finding 
contradicts the results from Hederstierne & Rosenhall (2016) who did not find a 
difference in pure-tone threshold patterns of hearing decline between 1013 subjects (at 
70 and 75 years of age) exposed and not exposed to noise. Hearing decline in this 
longitudinal study was defined as the difference in hearing thresholds for each 
frequency between two test occasions divided by 5 years. Also, Kovalova et al. (2016) 
analyzed data from a sample of 4988 subjects and only found that men (mean age: 53 
years), with a risk for occupational noise, had a significant difference in pure-tone 
thresholds from 2kHz to 8 kHz depending on age group. This finding is most likely due 
to a notch-shaped audiogram in the subjects with noise exposure at age 18-59 years. 
Using the Bisgaard classification (Bisgaard et al., 2010), our study showed that steep-
slope audiograms are more predominant in noise-exposed patients with age-related HL 
(median age: 71 years). Our results extend current knowledge that noise exposure 
aggravates the age-related effects, thereby supporting the additive interaction model 
stating that previous damaged hair cells are more vulnerable to further damage by other 
factors (Aarhus et al., 2016).  

In addition, results from our study demonstrated that gender differences affect 
the audiometric shape.  Steep-slope audiograms were more prevalent in men and flat 
audiograms were more common in women. These findings are in accordance with 
Demeester et al. (2009) who showed a significant association between the prevalence of 
steep-sloping configurations and the degree of noise exposure using the classification 
from Wuyts et al. (1998). They also showed that the HFSS audiograms were significantly 
more prevalent in men and flat audiograms were significantly more common in women. 
However, an important note to make is that their findings were in a slightly younger 
population (age range: 55-65 years) compared to our study (median age: 70 years). A 
recent study establishing a hearing examination in Southern Denmark (HESD) database 
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used the same classification as Demeester et al. (2009) and found comparable results in 
distribution of audiometric shapes in men and women (Cantuaria et al., 2020). 

Another important finding from our study was that noise-exposed men and 
women with age-related HL had two- and three-times higher odds for having steep-
slope audiometric configurations compared to non-exposed men and women, 
respectively. However, looking at the mean audiogram thresholds for men and women 
with and without noise exposure in Figure 7, the effect of noise, even though to a minor 
degree, was only evident among men. This difference could be explained by the fact that 
occupational noise exposure was more prevalent among men than women, and that men 
typically are exposed to higher noise levels during work than women. Also, one could 
speculate that men in certain occupational types (e.g. construction) tend to 
underestimate their noise exposure. These results suggest that it is important to take 
gender differences into account when studying the effect of noise on the degree of HL.   

When investigating the effect of occupational noise exposure on ART, this study 
showed that ARTs at 1, 2, and 4 kHz were not related to lifetime occupational noise 
exposure in older adults with age-related HL. Therefore, our results suggest that routine 
clinical AR measures are not a sensitive measure for identifying neural degeneration 
following noise exposure. This finding is comparable with other recent studies that also 
did not find a relation between noise exposure and ARTs or the AR growth function 
(Causon et al., 2020; Guest et al., 2019; Lindgren et al., 1983). However, one could argue 
that the use of another type of elicitor and probe tube to measure the AR response, would 
yield different results. Causon et al. (2020) argues that these technical differences should 
be considered carefully when planning future studies to link ARTs or AR growth 
function to noise exposure. 

This study is the first to show that self-reported occupational noise exposure has 
a negative impact on the reported HA benefit in older adults with HL. Using the SSQ-12 
at follow-up as an outcome measure, men with noise exposure reported significantly 
lower SSQ score than non-exposed men, and this effect was still significant when 
adjusting for the baseline SSQ-12 score. These results indicate that noise-exposed men 
experience less benefit with their HAs than non-exposed men. Hannula et al. (2011) 
studied the relation between audiogram configuration and self-reported hearing 
difficulties in 850 subjects (age: 54-66 years) and found that steep-sloping audiograms 
were more prevalent among those reporting hearing difficulties. 

 
 

6.2 Impact of hearing aid technology  

Based on the results from this study, we now know that the level of HA technology also 
seems to differ for patients with symmetric presbycusis without previous HA 
experience. Our study showed that premium-feature HAs yielded greater 
improvements in hearing ability in the speech and sound quality domain compared to 
basic-feature HAs and contradicts with findings from previous studies. In a study by 
Cox and colleagues (2014) three outcome questionnaires (the SSQ-B, DOSO, and 
APHAB) was combined to investigate if premium level HAs provided improved hearing 
ability and speech recognition compared to basic level HAs. However, they did not find 
a significant difference between the two levels of HA technology. Also, in the following 
three studies by Cox and colleagues, no differences were found in the following aspects 
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between premium-feature and basic-feature HAs: reported hearing ability, hearing-
related quality of life, and  sound localization in daily life environments (Robyn M Cox 
et al., 2016; Johnson et al., 2016, 2017). However, their results showed that premium-
feature HAs yielded more accurate sound localization using high-frequency stimuli in a 
laboratory setting. One possible explanation for our study showed significant 
differences in reported outcome between premium and basic level HAs might be that 
we included only patients with symmetric presbycusis without previous HA experience 
resulting in a highly homogenous patient group. This minimizes the risk of variation in 
hearing thresholds affecting the results and excludes the risk that experienced users’ 
preference for a specific type of HA could bias the result. 

The findings in our study suggest that patients with symmetric presbycusis 
benefit from using premium feature HAs related to improved hearing ability. Adjusting 
for differences in insertion gain did not change this finding. This indicates that the first-
fit of basic and premium level HA does not explain differences in reported HA outcome. 
Nevertheless, when comparing premium and basic HAs at an individual company level, 
we found that premium HAs prescribed more high-frequency gain than basic HAs in 
one of the companies. Whereas, in another company, the premium HA actually provided 
less gain at 1 and 2 kHz compared to the basic HA. These measured differences in 
insertion gain might be due to the use of different fitting strategies within each company 
(Smeds et al. 2016). It was striking to find that different gain levels are prescribed for 
similar types of HL. However, this has also been reported in previous studies that 
showed extensive differences in amplification characteristics between different 
manufacturers´ proprietary fitting algorithms for the same type of HL (Keidser et al., 
2003; Sanders et al., 2015). 

Reported HA effectiveness using the IOI-HA did not differ significantly between 
patients fitted with premium versus basic HA technology and could indicate that the 
IOI-HA questionnaire is not sensitive enough for detecting these differences. It could 
also just imply that patients do simply not perceive an overall improved effectiveness 
with premium HAs. Another possible explanation is that the IOI-HA is a more general 
questionnaire targeting on overall outcome of a HA fitting and therefore may not very 
accurately address the real-life situations experienced by the patient.  

As the results from this study is shown in patients with presbycusis, more 
research is needed for understanding the differences in self-reported outcomes between 
premium and basic HAs for other types of HL, and audiologists should continue to insist 
on independent evidence to support the choice of HA technology level when fitting 
patients with HAs. In addition, HA manufacturers might consider increased use of 
patient-reported outcomes in the development of new HA technologies.  

6.3 Prediction of successful hearing aid treatment  

Investigating the predictors of a successful HA treatment raises the question of what is 
actually defined as a successful treatment. Currently, there is no universally accepted 
definition of success with HAs, thus it can be viewed differently across different 
countries and cultural background. From an objective perspective, a HA treatment 
should improve the speech understanding and hearing ability in various listening 
conditions. From a patient-centered perspective, the gold standard is the patients’ 
perceived effectiveness of HA, which is addressed through subjective measures. Using 
the IOI-HA for probing HA effectiveness, this study showed that depending on the HA 
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experience, the degree of HL, WRS, motivation, HA usage time, self-reported tinnitus, 
asymmetry, and sex affected either the Factor 1 (the perceived HA benefit), Factor 2 
(residual limitations), or the total IOI-HA score. The degree of HL (in terms of patients 
with moderate HL compared to patients with mild HL) turned out to be the strongest 
predictor for the perceived HA benefit and could reflect that patients with more severe 
HL are in higher need of a HA than those with a mild degree of HL. This result is 
consistent with Jespersen et al. (2014), who found a weak positive correlation between 
PTA-4 and Items 1 and 4. Hickson, Clutterbuck, & Khan (2010) also found that those 
with higher HL reported overall better outcomes, but this was a considerably smaller 
effect on the total IOI-HA scores and in patients with severe to profound HL only. They 
found that the strongest predictors of the mean IOI-HA score were greater satisfaction 
with the comfort of fit, clarity of sound, and comfortable loud sounds as well as 
satisfaction in conversations with one person and in groups. However, in a literature 
review, Knudsen et al. (2010) found that self-reported hearing disability is a more 
accurate predictor of HA outcome when it comes to HA use and satisfaction. 
Nevertheless, in our study, the aim was to investigate predictors of overall HA 
effectiveness that also targets other outcome domains. In another study by Hickson and 
colleagues (2014) that explored factors associated with HA success, the definition of HA 
success was based on the first two items in the IOI-HA. Successful HA use was defined 
as reporting minimum an hour of daily usage time (Item 1) and at least moderate benefit 
from HAs (Item 2). They found that greater support from significant others; those 
reporting more difficulties with hearing and communication in everyday life before 
fitted with HAs;  more positive attitude towards HAs; greater perceived self-efficacy for 
handling HAs; and increased gain were all related to successful HA use (Hickson et al., 
2014). Ferguson and colleagues (2016) also found that self-efficacy predicted HA 
satisfaction and that the expectations of HAs and readiness to improve hearing predicted 
HA satisfaction and benefit using the SADL and GHABP Part II. In our study, motivation 
for HA treatment was found to significantly improve the perceived HA benefit in first-
time users only. However, it also had a negative impact on the reported residual 
difficulties in both groups of HA users. The question used for assessing motivation was 
from the Ida Institute´s “Line tool” question number one (Clark, 2010), and this same 
question was used by Ferguson et al. (2016) to assess the readiness to address hearing 
difficulties. Therefore, one could argue that the positive association found between 
readiness to address hearing difficulties and perceived HA benefit in the current study 
as well as in previous literature were exclusive to first-time users.  

Contrary to previous studies, sex proved to be the second strongest predictor for 
reported HA benefit in experienced users only (Arlinger et al., 2017; Heuermann et al., 
2005; Hickson et al., 2010; Jespersen et al., 2014; H. Liu et al., 2011). Female experienced 
HA users reported significantly poorer HA benefit than male experienced users. One 
possible explanation for this finding could be that previous analyses did not stratify by 
level of HA experience when investigating the effect of sex on reported HA benefit. As 
a result, the effect of sex is no longer evident.  

HA usage time has also been reported as a factor predicting the success of a HA 
treatment since a satisfied HA user typically uses the HAs more hours per day (Jerram 
& Purdy, 2001; Knudsen et al., 2010; Uriarte et al., 2005). In this study, HA usage time 
was found to significantly predict reported HA benefit in both groups of HA users and 
indicates that the perceived benefit increases when the HA is used more. Vestergaard 
(2006) also found that self-reported outcomes in new HA users increased when the HAs 
were used more than four hours per day. However, other studies reported that people 
who use their HAs for a shorter time per day still may be highly satisfied with them 
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(Dillon et al., 1999; Wong et al., 2003). Therefore, the objectively measured HA use time 
cannot outline the degree of rehabilitation success alone.  

When investigating the change in IOI-HA scores from baseline to follow-up in 
patients with previous HA experience, we found that experienced users reported greater 
HA effectiveness with their new HAs. This improvement was related to reporting 
significantly fewer residual difficulties after being fitted with new HAs. However, 
further research is required to explore changes in the IOI-HA outcomes when renewing 
HAs in experienced users. 

It is important to bear in mind that the IOI-HA was initially designed to be used 
as a supplement and not as a substitute of other self-report measures which is why the 
IOI-HA should not be used as the only instrument for probing HA effectiveness. Results 
from our study demonstrate general trends that can be used to identify patients who are 
more likely to end up with an unsuccessful HA treatment and therefore require special 
attention in the clinic. The results do not give detailed instruction for personalized 
counseling on how to become a successful HA user, but it gives the clinicians an 
opportunity to be more attentive towards specific patient characteristics that could help 
predict patients more likely to end up dissatisfied with their HA treatment. 

6.4 Methodological considerations  

The present study is based on data from a centralized clinical database in the BEAR 
project comprising a large cohort of adult patients referred for HA rehabilitation. The 
data reflects current audiologic rehabilitation in the public health care sector in two 
Departments of Audiology, AAUH and OUH. In Denmark, it is also possible to seek a 
private vendor for HA treatment, and therefore, our data do not represent this group of 
patients and to some extent limits the generalizability of the data. However, since 
patients in Region Southern Denmark were invited to participate through their private 
ENT, this patient cohort can be considered representative of patients going to the private 
vendors for rehabilitation of their HL.  

As part of the inclusion procedure, there might have been a positive selection 
bias if the participant group primarily consisted of those patients highly motivated for 
HA treatment or with greater readiness to improve their hearing. It can be speculated 
whether dissatisfied patients are less likely to accept the invitation and complete the 
questionnaires. A non-respondent analysis characterizing those who rejected to 
participate would have brought insight to this, but as this information was not possible 
to gather for all non-respondents, this is considered a limitation. In addition, less 
satisfied 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) days and given that some studies suggest three months acclimatization period, it 
can be considered a limitation.  

Hearing aid effectiveness was assessed both subjectively with self-reported 
measures and objectively using REM and data logged usage time. Using self-reported 
measures, the results from this study may be subject to reporting bias. Another challenge 
with self-report measures is that we do not know if the addressed listening conditions 
were highly relevant to the patients, or whether other potentially relevant conditions 
were left unaddressed. Estimating life time occupational noise exposure based on self-
report data might also bias the estimate, but as this bias may either over or underestimate 
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the true noise exposure in a non-differential way, it is unlikely that it would affect the 
conclusions of the study.  

A limitation to Study I is the lack of self-reported hearing disabilities, which was 
found to be a stronger predictor of HA outcome than PTA-4 by Knudsen et al. (2010).  
Self-efficacy has also been shown to be a non-audiological predictor for the reported HA 
satisfaction and was not directly assessed in this study. However, this study used the 
second question from Ida Institute “Line tool” (Clark, 2010) that was used by Ferguson 
et al. (2016) to assess self-efficacy. This question asks the following: ‘How much do you 
believe in your ability to use hearing aids?’ In our study, we used this question along with 
the first question from the “Line tool”; “How important is it for you to improve your 
hearing?” to evaluate patients´ motivation for HA treatment. One could argue that the 
two questions to a greater extent target patient´s readiness to take action, as well as their 
confidence in using hearing technologies, rather than their motivation for the HA 
treatment. However, we believe that the two terms can be used to describe the same 
phenomenon. Expectations and readiness have shown to be more strongly related to 
overall HA outcome than self-efficacy. Ferguson and colleagues found that positive 
expectations of HAs assessed with the Expected Consequences of Hearing aid 
Ownership (ECHO) questionnaire (Cox & Alexander, 2000)  and readiness to improve 
hearing assessed using the second question from Ida´s Institute “Line tool” predicted 
outcomes for HA satisfaction and benefit. In our study, the expectations of HAs were 
not addressed due to a translation limitation of the ECHO questionnaire, but the 
readiness to address hearing difficulties was actually measured using the second line 
question from Ida Institute. However, this variable was not included in Study I that 
investigated the predictors of successful HA treatment and is therefore considered a 
limitation. Also, analyzing the association between HA usage time and HA effectiveness, 
it is important to consider that there is a natural mathematical correlation between the 
usage time and IOI-HA factor 1 (the perceived HA benefit) since Item 1 targets the 
subjective usage time. This needs to be taken into consideration when interpreting the 
results.  

When investigating the relation between noise exposure and ARTs in Study III, 
there are several technical considerations in the clinical measure of ART that might affect 
the significance of the results. In this study, in-situ forward-pressure calibration was not 
used even though this allows for greater accuracy over the actual sound levels reaching 
the tympanic membrane. This could cause an increase in the between-subject variability 
affecting the significance level of the results. In addition, our study used a pure tone 
elicitor, but previous studies found broad band noise to be the most reliable elicitor 
because it yields a 100% response rate as well as the lowest ARTs. With that in mind, it 
is possible that we would have observed different results with the use of a broad band 
elicitor.  

When analyzing data, the statistical method is crucial for the interpretation of the 
results. In Study I, II, and III, we applied linear regression which presumes the outcomes 
to have interval scale (metric) properties despite the ordinal scale properties in the 
questionnaire data. Therefore, as a supplementary analysis, we applied ordinal logistic 
regression (Study I and II) to investigate if this resulted in similar estimates. The analysis 
showed that the estimates were consistent with the main analysis. Thus, linear 
regression was chosen as the main analysis for interpretation purposes and for the 
comparability with previous studies. In Study I, we applied the item specific category 
weights suggested in Leijon et al. (2020) and repeated the main analysis on the resulting 
IOI-HA scores. This also resulted in consistent estimates.  
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6.5 Future directions  

The present study illuminated the assessment of patient-reported outcomes and the 
evaluation of HA effectiveness and benefit in patients with age-related HL. Contributing 
factors on the reported HA effectiveness in patients with age-related HL were described.  
The study demonstrated the effect of subjective and objective measures for the 
evaluation of improved hearing ability with HAs.  
The pathology of HL in this group of patients is rather complex as several factors 
contribute to HL during the entire life span. Based on the results from this study, we 
know that noise exposure and the level of HA technology seem to affect the outcome of 
a HA treatment, and that audiogram configuration in combination with self-reported 
outcomes have considerable added value for clarifying the pathology in patients with 
age-related HL. Clinically relevant factors such as degree of HL, sex, and previous HA 
experience also play a role when determining the success of rehabilitation. The 
facilitation of these factors may thus be important in promoting a better hearing 
rehabilitation for people with age-related HL. Also, it is crucial to consider which factors 
should be implemented when determining future strategies. As healthcare becomes 
more consumer-driven, strategies for promoting better HA rehabilitation should employ 
a holistic view; clinicians and researchers need to acknowledge that HA effectiveness in 
patients with age-related HL are influenced by multiple factors. In such cases, personal 
non-audiological factors such as self-efficacy, readiness, expectations, and attitude also 
need be considered. Therefore, to ensure patients achieve a successful HA treatment, we 
need to address the real-world outcomes perceived by the patient and the individual 
aspects that affect the outcome of HA fitting. Thus, the present best practice guidelines 
should be revised in order to determine which outcome questionnaires to include in 
future guidelines. Given the results from this study, the SSQ-12 seems like a more 
sensitive measure due to real-world situations are more accurately addressed using this 
questionnaire. On the other hand, the IOI-HA is a more comprehensible and shorter 
questionnaire to respond which is an advantage for the implementation in daily clinical 
practice. 

Increased interest in national hearing rehabilitation guidelines has raised a 
demand for research to investigate how to assess and verify improved outcomes with 
HAs. It is crucial for the success of HA treatments in clinical practice, that we aim for a 
high quality in hearing rehabilitation by ensuring a patient-centered practice that takes 
the perceived outcomes of the patient into account.  Today, it is widely acknowledged 
that self-reported measurements on HA outcome reflect the real-world listening 
experiences of patients. In an evidence-based practice paradigm, the use of self-reported 
assessments of real-world outcome is the new "gold standard" and should be used in 
probing the effectiveness of HA treatment (Taylor, 2007). The results from this study 
suggest that the use of validated self-reported questionnaire data can contribute to the 
understanding of what might promote a successful rehabilitation of patients with age-
related HL and to evaluate the successfulness of HA treatment. Qualitative research on 
the perceived barriers for successful HA use in a subgroup of HA users with low benefit 
could help identify potential factors to target in future quantitative studies. Also, future 
studies should investigate whether noise-exposed patients experience improved benefit 
from premium level HA technologies. More advanced noise reduction and speech 
enhancing algorithms in premium-feature HAs might yield a better hearing ability, 
especially in noisy environments that commonly represent challenging listening 
conditions for people with noise-induced HL. It would also be interesting to further 
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explore the pathology behind noise-induced HL by investigating the prevalence of the 
notched audiometric configuration in the younger population as well as relating this to 
the ARTs. The link between noise exposure and tinnitus annoyance could also be 
investigated by comparing tinnitus prevalence in the noise-exposed compared to non-
exposed subjects in different age-groups.   Besides, to explore if tinnitus affects the self-
reported HA outcome. 
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7 MAIN FINDINGS AND CONCLUSIONS  

The main findings and conclusions of the three studies covered in this dissertation can 
be summarized as follows:  
 

1) More severe HL was related to higher perceived HA benefit but also related to 
reporting more residual limitations with HA.  
 

2) Women with previous HA experience reported poorer HA benefit and more 
residual limitations than men with previous HA experience. 
 

3) Readiness for HA treatment was related to increased benefit in first-time users 
but had a negative impact on the reported residual limitations in both groups of 
HA users. 

 
4) Patients with HA experience reported fewer residual limitations after being fitted 

with new HAs. 
 

5) Premium-feature HAs yielded better self-reported HA abilities than basic-
feature HAs in patients with symmetric bilateral presbycusis. Differences in 
insertion gain did not explain this difference.  

  
6) A history of greater occupational noise exposure is related to steep-slope 

audiograms and poorer perceived HA benefit.  
 

7) No associations were found between noise exposure and the ARTs at 1, 2, and 4 
kHz, but a clear relationship between the ART and hearing thresholds exists.  
 

 
Overall, this dissertation demonstrated that addressing self-reported HA effectiveness 
can have substantial added value for clarification and evaluation of potential 
contributors to a successful hearing rehabilitation in older adults with age-related HL.  
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Prediction of Successful Hearing Aid Treatment in First-time and Experienced 

Hearing Aid Users: Using the International Outcome Inventory for Hearing Aids 

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. 

Total median mean IOI-HA score at follow-up was 29 (7) for experienced (n=460) and first-

time users (n=1189).  

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.  

 

 

  



4 
 

1. Introduction  

Self-reported outcomes in terms of hearing aid (HA) effectiveness 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 concern in hearing rehabilitation. Studies have suggested that approximately 20 

percent of older adults with hearing loss (HL) are dissatisfied with their HAs and do not use these 

regularly (Kochkin S. 2009, Hartley et al. 2010). A consequence of unsuccessful HA fittings is 

multiple re-visits in clinics, and it also negatively impacts the patient´s quality of life and their relatives 

(Arlinger 2003, Cunningham and Tucci 2017). Several studies have tried to discover why people are 

not satisfied with their HAs and what makes people achieve a successful HA uptake (Laplante-

Lévesque et al. 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 emphasizes the 

importance of investigating 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 

standardized 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 cultures. The original version was in English (Cox 

and Alexander 2002), but translations are available in many languages (Cox et al. 2002). The seven 

items are: 1) The use of HAs (Use), 2) The perceived benefits (Ben), 3) Residual activity 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 (two 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 1-5, 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 Thorén et al. (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 
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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 et al. (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, Brännström and Wennerström 

2010, Jespersen et al. 2014). Factor 1 includes Use, Ben, Sat, and QoL (Items 1, 2, 4 & 7), whereas 

Factor 2 includes RAL, RPR, and Ioth (Items 3, 5 & 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 predictors of successful HA outcome 

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 4kHz (PTA-4) is a significant factor for reported IOI-HA score (Jespersen et al. 2014), as well as 

the duration of HL (Kramer et al. 2002), HA configuration (bi- vs. unilateral fitting) (Arlinger et al. 

2017, Kramer et al. 2002), cost of HA (Liu et al., 2011), and experience with HAs (Jespersen et al. 

2005, Williams et al. 2009, Arlinger et al. 2017), and the studies yielded somewhat conflicting results. 

Williams et al. (2009) and Heuermann et al. (2005) found no significant effects of age, gender, average 

HL, type of HA fitting, or HA experience (Nexp=using HAs for more than 3 months). Arlinger et al. 

(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 et al. 1996) as main outcome measures, Andersson, Keshishi, & Baguley (2011) found that 

tinnitus was associated with less benefit and more problems with HAs.  

To identify patients needing  more intensified counseling 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 
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IOI-HA scores. Further, we explored the improvement in IOI-HA scores when renewing HAs in 

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 Factor 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 conducted 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 were collected in a population of 2447 adults (≥18 years of age) with HL and included both first-

time and experienced HA users. All experienced users had at least four years of HA experience. Private 

ENT specialists referred all patients to one of the two Departments of Audiology in Denmark; 

Department of Audiology, OUH, and 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 two weeks before their scheduled visit. Acceptance to participate was noted in the referral 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 participation. 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 questionnaires. At any time, 

patients were free to decline participation. Some patients chose to reject the HA treatment or went to 

a private 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).  
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2.3 Measurements 

Questionnaires 

The questionnaires were sent to all patients two weeks prior to the first visit to the clinic. The 

questionnaires were; a non-standardized health-related questionnaire containing questions on 

demographic 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 questionnaire were re-sent two weeks before the follow-up visit scheduled to take place 

approximately two months after 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) and is 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. 

 

 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 250 Hz, 500 Hz, 1 kHz, 2 

kHz, (3 kHz), 4 kHz, (6 kHz) and 8 kHz; bone-conduction thresholds at 250 Hz to 4 kHz when needed; 

and a measure of WRS. Air- and bone-conduction thresholds were measured according to ISO8253-

1:2010 (International Organization for Standardization), and TDH39 headphones or ER-3A insert 

earphones were used during the tests. The WRS was obtained by presenting 25 different monosyllabic 

words in quiet at the most comfortable listening 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 all carried out by experienced audiologists. 
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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). As part of current clinical practice, the decision on type 

of HA was based on patients individual hearing need that was assessed by the audiologists.  

 and 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. 

Randomization 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 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 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 counseling on how to use their HAs.  

Approximately two months after HA fitting, a follow-up appointment 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 adjustments 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 audiologists in Odense, and the mean follow-

up time in this study was 73 days (SD=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 2019) 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 linear regression analyses (command regress 
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in STATA). Due to highly left-skewed data distribution, bootstrapping was applied to the model with 

5000 replications, but this did not cause any significant 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 linear regression models and showed no indications for multi-

collinearity in the models (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 tinnitus (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 is 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 investigate if this resulted in consistent estimates. 

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 follow-up, 86% 

of first-time users and 89% of the experienced users responded to the IOI-HA.   

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 compare 

our results with previous studies. Table 2 provides the loading of IOI-HA items on each factor after 

PCA with varimax rotation (n=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.  
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3.2 Demographics and Level of IOI-HA Total, Factor 1, and Factor 2 scores  

Table 3 shows patient characteristics among first-time and experienced users responding to the IOI-

HA questionnaire. For experienced 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).   

 

Differences in the degree of hearing loss, hearing aid configuration, 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= -9.0, p<0.001) lower 

than first-time users.  Based on 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 frequent type 

of HL among first-time users. In total, 97% of 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) hours 

and 9 (8.0) for experienced and first-time users, respectively, hence experienced users used their HAs 

3 hours (z=7.4, p<0.001) more per day. HA usage time was significantly different in the different 

degrees of HL in first-time users [χ2(4) = 13.8, p<0.01] and experienced users [χ2(4) = 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.  

On a scale from 0 to 10, the experienced users reported a median motivation score of  9.6 (1.5), 

while it was 8.2 (2.9), in first-time users.  Comparing group medians showed that experienced users 

were significantly more motivated for HA treatment with a 1.4 higher score than first-time users 

(z=11.2, p<0.001).  

In total, 46% of experienced and 45% of first-time users responded to the THI questionnaire 

with a median score of 14 (23) and 14 (22) respectively. No significant difference in median THI score 

was found at follow-up between the two groups of HA users (z=0.76, p=0.45).   

 

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 (z=0.8, p=0.4). Mean and median scores are presented for each 
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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= -6.8, 

p<0.001; Item2:, z= -3.6, p<0.001; Item3:z= 7.0, p<0.001; Item4:z= -4.7, p<0.001; Item5: z= 6.7, 

p<0.001; Item6: z=9.3, p<0.001), except for item 7 (z= -0.7, p=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 (z= 4.3, p<0.001) higher than first-time users, but they 

also reported a median Factor 2 score that was 1.0 (z= -8.6, p<0.001) lower than first-time users. 

However, the clinical relevance of a difference in the IOI-HA Factor score around 1.0 is low.  

 

3.4 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. 

 

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. 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 one hour 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 considered when interpreting the results. Women reported 

a Factor 1 score that was 0.9 (95%CI: -1.6; -0.3, p<0.01) units lower than men in the experienced users 

only, and experienced 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.  
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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. In contrast, only 

experienced users with moderate to severe and severe & 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) lower Factor 2 scores, respectively, compared to 

experienced users with mild HL.  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 experienced users for every one hour 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 analyzed. 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.  

3.5 Improvement of IOI-HA Scores when renewing Hearing Aids in Experienced Users  

To investigate the improvement in IOI-HA scores when experienced 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 (n=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: z=4.6, p<0.001; Item2: z=3.0, p<0.01; Item3: z= 9.6, p<0.001; 

Item4: z= 4.2, p<0.001; Item5: z= 9.9, p<0.001; Item6: z=10.7, p<0.001) except for Item 7 (z= 1.2, 
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p=0.3), and the average increase in median IOI-HA item score was 0.4 (z= 8.2, p<0.001). Factor 1 and 

Factor 2 rank scores increased significantly (z= 2.8, p<0.01) and (z=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.  

Factors Significantly Affecting Factor 1 Scores. 

The degree of HL (in terms of patients with moderate HL compared 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 a HA than patients with mild HL due to a more severe HL. This result is 

consistent with Jespersen et al. (2014), who found a weak positive correlation between PTA-4 and 

Items 1 and 4. Hickson, Clutterbuck, & Khan (2010) also found that those with higher HL reported 

overall 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 indicates 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 benefit 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 satisfaction and benefit in first-time users (Ferguson et al. 2016). 

Experienced users with asymmetrical HL reported higher benefit 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 

et al. 2005, Hickson et al. 2010, Liu et al. 2011, Jespersen et al. 2014, Arlinger et al. 2017), this study 

found a strong effect of experienced female users reporting less HA benefit than males.  Age had a 
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small significant positive effect on HA benefit in first-time users. Nevertheless, the effect was small 

and not clinically relevant.  

 

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 et al. 2014, Arlinger et al. 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 experience 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 indicate that better WRS could result in reporting fewer residual difficulties 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.  

Motivation showed to have a negative effect on reporting residual limitations with the strongest 

effect in 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 counseling 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 indicate 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 

experienced users. Experienced female users reported significantly more difficulties than males, and 
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this indicates that women with HA experience tend to report more residual difficulties of the HAs than 

men. Kramer et al. (2002) and Arlinger et al. (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 expectations 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, it is debatable if the IOI-HA can be used as the only instrument for probing HA effectiveness.  

Cox and Alexander (2002) underline that the IOI-HA was intended to be used as a supplement to 

exciting 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 therefore need special 

attention in the clinic. However, it is important to remember that it does not give detailed information 

for personalized counseling on becoming a successful HA user. 

Improved Level of Satisfaction when Renewing Hearing Aids in Experienced Users  

The significant increase in average mean IOI-HA item score of 0.4 from baseline to follow-up in 

experienced users indicates that their reported HA effectiveness improved when receiving new HAs. 

However, a study by Smith et al. (2009), based on 131 HA 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 et al. (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 experienced users. 

 

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 indicates a high level of HA effectiveness.  A recent Danish study (Jespersen 

et al. 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 et al. 2017) with 1,049 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 comparable level with previous studies.  
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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, Brännström and 

Wennerström 2010, Jespersen et al. 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 

et al. 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 et al. (2014).  Further, mean Factor 2 scores in this 

study were respectively 12.7 and 11.5, compared to 11.0 in Jespersen et al. (2014).  

 

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 hours 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 objective data logged 

HA use time has found that patients with a more severe HL used their HAs more and relates to a study 

by Brännström and Wennerström (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 daily amount of HA use (Laplante-Lévesque 

et al. 2014), this correlation does not reflect the exact HA use time. Analyzing differences 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 et al. (2017). Differences in Factor 1 scores are probably related to experienced users having 

a more severe HL and thus benefiting more from their HAs. In contrast, differences in Factor 2 scores 

indicate that a more severe HL also results in more difficulties when communicating in background 

noise. 

Strengths and Limitations  

One of the main advantages of this study was the prospective design and the large study population. 

However, some limitations may still apply as there might have been a positive selection bias if only 

patients highly motivated for HA treatment participated. 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 respectively 86% and 89% at follow-up, selection bias cannot 
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be completely ruled out, but these potential problems are almost impossible to avoid in observational 

studies. In addition, less satisfied 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) days. Given that some studies suggest three months acclimatization 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. Conclusion  

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 outcome 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. Surprisingly, it was also shown that 

women with HA experience report lower 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 experienced 

users improved their IOI-HA score when receiving new HAs and was related to reporting fewer 

residual difficulties after being fitted with new HAs, but further research is required to establish if 

changes in IOI-HA scores are reflecting an actual change in overall HA effectiveness.  

Altogether, these findings suggest that the solution for a successful 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 creating a 

personalized rehabilitation plan on how to become a successful HA user, the clinical parameters 

investigated in this study may be used to identify patients who could benefit from additional counseling 

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

analyses.  

BEA = Better Ear Average; HA = Hearing Aid, WRS = Word Recognition Score; HL= Hearing Loss; 

GBD=Global Burden of Disease 

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, Brännström and 

Wennerström 2010, Jespersen et al. 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) 
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Table 2. Factor loadings for each of the seven IOI-HA items on each extracted factor after principal 

component analysis with varimax rotation (n=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) (n=167). 
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Table 3. Population Characteristics. Study population 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.

  
Baseline (exp) 

(N= 517) 

Follow-up (exp) 

(N= 460) 

Follow-up  

(first-time) 

(N=1189) 

Sex, n (%)  

      Women 

 

207 (40) 

 

185 (40) 

 

523 (44) 

Mean age, years ±SD (range) 

      Women 

      Men 

 

66.3 ±13.5 (19-

100) 

68.8 ±10.6 (26-

89) 

 

67.2 ±12.7 (19-

100) 

69.1 ±10.7 (26-

89) 

 

66.1 ±12.2 (22-

94) 

67.0 ±10.0 (21-

92) 

Mean PTA, dB HL ±SD 

      Right ear  

      Left ear 

 

47.6 ±16.0 

47.7 ±15.9 

 

47.6 ±15.5 

47.6 ±15.6 

 

37.3 ±13.5 

36.1 ±13.4 

Median  WRS, percentage (IQR)  

      Right ear 

      Left ear  

 

88 (20)  

88 (24) 

 

88 (20) 

88 (24) 

 

96 (12) 

92 (16) 

Severity of hearing loss based on better ear 

PTA, n (%)  

      Normal Hearing, ≤19 dB HL 

      Mild HL, 20-34 dB HL 

      Moderate HL, 35-49 dB HL 

      Moderate-Severe HL, 50-64 dB HL 

      Severe-profound HL, >65 dB HL 

 

 

22 (4) 

108 (21) 

226 (44) 

120 (23) 

41 (8) 

 

 

 

13 (3) 

94 (20) 

206 (45) 

110 (24) 

37 (8) 

 

 

 

130 (11) 

552 (46) 

422 (35) 

78 (7) 

7 (1) 

 

HA configuration, n (%)  

  Unilateral 

  Bilateral  

  Missing 

 

 55 (11) 

450 (87) 

12 (2) 

 

12 (3) 

448 (97) 

0 

 

58 (5) 

1131 (95) 

0 

Type of HL, n (%) 

  Symmetrical 

  Asymmetrical  

 

440 (85) 

77 (15) 

 

361 (78) 

99 (22) 

 

930 (78) 

259 (22) 

Median data logged HA usage time, hours per 

day (IQR)   

   Range (0-19) 

 
12 (7.0)  

0-19 

9 (8.0) 

0-19 

Median Motivation (IQR) 

    Range (1-10) 
 

9.6 (1.5) 

1.9-10 

8.2 (2.9)  

10.4-10 

Median THI score (IQR) 

    Range (0-100) 

    N (number of complete answers) 

14 (23)  

0-82 

(216) 

14 (26)  

0-90 

(211) 

14 (22) 

0-88 

(536) 

Mean ±SD/ median (IQR) Total IOI-HA score  

     Range (7-35) 

25.1 ±5.9/ 26 

(8.0) 

7-35 

27.8 ±5.4/ 29 

(7.0) 

8-35 

28.2 ±4.8/ 29 

(7.0) 

8-35 

Mean ±SD/ median (IQR) Factor 1 score  

   Range (4-20) 

Mean ± SD/ median (IQR) Factor 2 score 

   Range (3-15) 

15.4 ±4.1/ 17 

(6.0) 

4-20 

9.7 ±3.0/ 10 (5.0) 

3-15 

16.2 ±3.4/ 17 

(4.0) 

5-20 

11.5 ±2.7/ 12 

(4.0) 

3-15 

15.4 ±3.6/ 16 

(5.0) 

4-20 

12.7 ±2.1/ 13 

(2.0) 

3-15 
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Table 4. Multiple linear regression analysis for International Outcome Inventory for Hearing Aids (IOI-HA) Factor 1, Factor 2, and total 

IOI-HA follow-up scores in first-time (n=1090) and experienced (n=417) users. 

 

The model included; the degree of hearing loss (HL) using Global Burden of Disease classification (Stevens et al. 2013) based on Pure 

Tone Average (PTA-4), Word Recognition Score (WRS), Motivation, Hearing Aid (HA) usage time, HA configuration, tinnitus (THI score 

>16) , asymmetry (PTA-4 diff>10 dB HL), sex, and age as explanatory variables. Significance levels p<0.05 are marked in bold.  

 First-time users (n=1090) Experienced users (n=417) 

 

Factor 1 Factor 2 Total IOI-HA Factor 1 Factor 2 Total IOI-HA 

Adj. R2=0.31, 

Prob>F =0.00 

Adj. R2=0.10, 

Prob>F =0.00 

Adj. R2=0.23, 

Prob>F =0.00 

Adj. R2=0.14, 

Prob>F =0.00 

Adj. R2=0.14, 

Prob>F =0.00 

Adj. R2=0.13, 

Prob>F =0.00 

Explanatory variable: Coef. (95%CI) p Coef. (95%CI) p Coef. (95%CI) p Coef. (95%CI) p Coef.  (95%CI) p Coef.  (95%CI) p 

Degree of HL 

(ref. mild HL) 
            

    Normal -0.59 (-1.27; 0.10) 0.09 -0.18 (-0.63; 0.27) 0.44 -0.77 (-1.74; 0.21) 0.12 -0.46 (-2.87; 1.95) 0.71 -0.95 (-2.91; 1.02) 0.34 -1.38 (-5.28; 2583) 0.49 

    Moderate 0.79 (0.37; 1.22) <0.01 -0.41 (-0.69; -0.13) <0.01 0.38 (-0.23; 0.99) 0.22 1.13 (0.30; 1.96) <0.01 0.36 (-0.32; 1.04) 0.30 1.58 (0.23; 2.93) 0.02 

    Moderate-Severe 0.01 (-0.85; 0.88) 0.98 -0.74 (-1.31; -0.17) 0.01 -0.72 (-1.96; 0.51) 0.25 0.74 (-0.29; 1.78) 0.16 -0.79 (-1.64; 0.05) 0.01 0.01 (-1.68; 1.69) 1.00 

    Severe & Profound -0.83 (-3.27; 1.61) 0.50 -2.38 (-3.99; -0.78) <0.01 -3.22 (-6.69; 0.25) 0.07 -0.44 (-1.95; 1.07) 0.57 -2.13 (-3.36; -0.90) <0.01 -2.53 (-4.99; -0.08) 0.04 

WRS (best ear) 0.01 (-0.01; 0.04) 0.28 0.04 (0.02; 0.05) <0.01 0.05 (0.01; 0.08) 0.01 0.01 (-0.02; 0.04) 0.42 -0.02 (-0.00; 0.04) 0.12 -0.03 (-0.02; 0.07) 0.21 

Motivation 0.29 (0.20; 0.38) <0.01 -0.12 (-0.18; -0.05) <0.01 0.18 (0.04; 0.31) 0.01 0.09 (-0.12; 0.29) 0.40 -0.31 (-0.48; -0.14) <0.01 -0.22 (-0.56; 0.11) 0.20 

HA usage time 0.38 (0.34; 0.42) <0.01 0.08 (0.06; 0.10) <0.01 0.46 (0.40; 0.51) <0.01 0.20 (0.14; 0.26) <0.01 0.06 (0.02; 0.11) <0.01 0.26 (0.16; 0.35) <0.01 

HA configuration (ref. 

bilateral) 
-0.34 (-1.29; 0.64) 0.51 -0.08 (-0.67; 0.59) 0.90 -0.37(-1.74; 1.01) 0.60 -1.57 (-3.75; 0.62) 0.16 0.21 (-1.57; 1.99) 0.82 -1.33 (-4.88; 2.21) 0.46 

Tinnitus (ref: no tinnitus) 0.38 (-0.09; 0.85) 0.11 -0.49 (-0.79; -0.18) <0.01 -0.11(-0.78; 0.56) 0.75 -0.04 (-0.86; 0.78) 0.93 -0.34 (-1.01; 0.33) 0.32 -0.37 (-1.70; 0.96) 0.59 

Asymmetric HL (ref. 

symmetric HL)  
-0.15 (-0.61; 0.32) 0.53 -0.33 (-0.63; -0.02) 0.04 -0.47(-1.13; 0.19) 0.16 0.82 (0.02; 1.62) 0.04 0.14 (-0.51; 0.79) 0.67 0.97 (-0.32; 2.26) 0.14 

Sex (ref. men) 0.23 (-0.14; 0.59) 0.22 0.21 (-0.03; 0.45) 0.09 0.43 (-0.08; 0.95) 0.10 -0.93 ( -1.56; -0.30) <0.01 -0.62 (-1.13; -0.11) 0.02 -1.60 (-2.63; -0.58) <0.01 

Age, years -0.03 (-0.04; -0.01) <0.01 0.00 (-0.01; 0.02) 0.55 -0.02 (-0.05; 0.01) 0.12 -0.00 (-0.03; 0.03) 0.81 -0.01 (-0.04; 0.01) 0.30 -0.02 (-0.07; 0.03) 0.48 

Constant 10.1 (7.3; 13.0) <0.01 9.7 (7.9; 11.6) <0.01 19.9 (15.8; 24.0) <0.01 12.2 (7.9; 16.6) <0.01 13.5 (9.94; 17.0) <0.01 25.9 (18.9; 32.9) <0.01 
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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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Figure 2. Boxplots showing distribution of data logged hearing aid usage time by degree of hearing loss in 

experienced and first-time users. 

Minimum, lower quartile, mean [dot] median [bold horizontal line], upper quartile, maximum   
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Figure 3. Boxplots showing International Outcome Inventory for Hearing Aids (IOI-HA) scores by level of 

hearing aid experience. 

(Minimum, lower quartile, mean [dot] median [horizontal line], upper quartile, maximum) for each of the 

seven items and the average of all seven items at follow-up in first-time and experienced hearing aid users. 

Usage time (Use), Benefit (Ben), Residual Activity Limitation (RAL), Satisfaction (Sat), Residual 

Participation Restriction (RPR), Impact on others (Ioth), and Quality of Life (QoL).   
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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. 

(Minimum, lower quartile, mean [dot] median [bold horizontal line], upper quartile, maximum)   
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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 (n=460).  

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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Impact of Hearing Aid Technology on Self-reported Outcomes in Patients with 

Presbycusis: A Randomized Controlled Trial 

ABSTRACT 

Objectives: Previous research has not brought evidence to suggest that premium-

feature hearing aids provide a better patient-reported outcome than basic-feature hearing 

aids. Independent research comparing different levels of hearing aid technology is still 

lacking with other hearing aid models. Therefore, the main purpose of this study was to 

explore reported differences in hearing ability and hearing aid effectiveness for patients 

with symmetric bilateral presbycusis using premium-feature and basic-feature hearing 

aids from different hearing aid manufacturers. Secondly, the study investigated if 

differences in gain prescription measured with Real-Ear measurements explain 

differences in self-reported outcomes.    

Design: This study was designed as a randomized controlled trial in which the patients 

were blinded towards the selected type of hearing aid. In total, 190 first-time hearing 

aid users with symmetric bilateral presbycusis and more than 60 years old were included 

in the study. Patients were allocated to either a premium-feature or basic-feature hearing 

aid. The randomization was stratified on age, sex, and word recognition score. All 

procedures were carefully controlled to limit researcher bias. The outcomes were 

designed to assess the patient´s point of view about their hearing ability and the 

effectiveness of hearing aids. Two types of patient-reported data were collected: hearing 

aid effectiveness using the International Outcome Inventory for Hearing Aids (IOI-HA) 

questionnaire and hearing ability in terms of the short form of the Speech, Spatial, and 

Qualities of Hearing Scale (SSQ-12) questionnaire. In addition, real-ear insertion gains 

were measured for all fitted hearing aids.    

Results: Patients with premium-feature hearing aids reported statistically significant 

better total SSQ-12 score of 0.7 (95%CI: 0.2;1.1) compared to basic-feature HA users.  

Furthermore, differences in the prescribed gain at 1 and 2 kHz were observed between 

premium and basic hearing aids within each company.  However, no statistically 

significant difference in reported hearing aid effectiveness using the IOI-HA 

questionnaire between premium and basic feature hearing aids was found.  
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Conclusions: Contrary to previous research, this study found evidence that premium-

feature devices yielded better self-reported outcomes than basic-feature devices. 

However, a statistically significant difference was only found in reported hearing ability 

using the SSQ-12 questionnaire. This study included patients with symmetric 

presbycusis. Thus, more research is needed for understanding the differences in self-

reported outcomes for other types of hearing losses. Hearing care providers should 

continue to insist on independent evidence to support the choice of hearing aid 

technology level when prescribing hearing aids for patients with hearing loss. Also, 

hearing aid manufacturers might consider increased use of patient-reported outcomes in 

hearing aid development.    
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INTRODUCTION 

Hearing loss (HL) is one of the most common chronic health conditions today. According to the 

Global Burden of Diseases studies, HL is the fourth leading cause of disability worldwide (Global 

Burden of Disease 2013 Collaborators, 2016). Age-related hearing loss is projected to be one of the 

top 10 leading causes of burden of disease by 2030 following a global demographic shift towards an 

aging population (Mathers & Loncar, 2006). It is estimated that around 50 percent of people older 

than 60 years and that 80 percent of those older than 85 years have a hearing deficit (Cunningham & 

Tucci, 2017). A prevalence study estimated that around 30% of men and 20% of women in Europe 

have a HL of 30 dB Pure-Tone Average of 0.5, 1, 2, and 4 kHz (PTA-4) or more by the age 70 years 

(Roth et al., 2011). Intervention with hearing aid (HA) technology is the conventional treatment 

prescribed for a HL. Therefore, the number of people who could benefit from a HA is expected to 

increase. Nevertheless, several studies indicate that surprisingly few older adults with HL use HAs 

which is recognized as a growing societal problem (Bisgaard & Ruf, 2017; Chien & Lin, 2012; Cox 

et al., 2016).   

 Presbycusis is the general term applied to age-related HL, and the terms are used 

synonymously in literature. The disorder is described as the cumulative effect of aging resulting from 

a degeneration of the cochlea and characterized by reduced hearing sensitivity and speech 

understanding in noisy environments (Gates & Mills, 2005). The audiometric profile is a bilateral 

symmetrical sensorineural HL (ISO:7029, 2017) that progresses over the years, especially in the high-

frequency region (Davis et al., 2016). Due to complex genetics and environmental factors that affect 

hearing through the entire lifespan, the underlying pathology is complex and contributes to an 

extensive variation in audiometric profiles (Dubno et al., 2013). However, Schuknecht´s framework 

classified four pathologic types of presbycusis based on the affected cochlear structure: sensory (outer 

hair cell loss),  neural (ganglion-cell loss), metabolic (strial atrophy), and mechanical (stiffness of the 

basilar membrane) (Ohlemiller, 2004; H. F. Schuknecht & Gacek, 1993; Harold F. Schuknecht, 

1964).  

HA technology has improved rapidly over the last few decades. HAs can be highly-advanced 

or less advanced in terms of feature settings and speech processing, but essentially, they all consist 

of four basic blocks: a transmitter, a signal processor, a receiver, and a power source. Manufacturers 

produce HA families that include different models at different levels of technology. The more 

advanced the technology level, the higher is the cost of the HAs. When fitting patients with HAs in 

clinics today, the choice of HA technology level is one of the challenges clinicians encounter (Cox et 
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al., 2014, 2016). The decision is often based on the clinician’s individual preferences and patients´ 

hearing needs. Cox et al. (2014) state that there is a lack of knowledge regarding what level of 

technology should be recommended for patients with a HL, and further, that independent research is 

needed to clarify the relative benefits of premium-level versus basic-level HA technologies. From the 

HA users’ point of view, it is important to know whether there is evidence suggesting greater benefit 

with a premium compared to basic HA technology. In other words, whether it is worth the cost with 

a premium-level HA which is a highly relevant topic from both a clinical and a commercial 

perspective.   

Real-ear insertion gain (REIG) can be used to verify the actual gain provided by the HA and 

is defined as the Sound Pressure Level (SPL) near the eardrum when aided, minus the SPL at the 

eardrum when unaided (Ching & Dillon, 2003). Variations in the individual ear canal cause a 

mismatch between the predicted insertion gain and the measured REIG (Bell, 2009). Therefore, 

evidence suggests that it is important to use REIG when fitting HAs because the first-fit of HAs 

cannot be relied on to provide an accurate fit (Aazh et al., 2012; Aazh & Moore, 2007), and guidelines 

can be found for matching the insertion gain to target  in (British Society of Audiology [BSA], 2007).  

The number of compression channels in the HA, the flexibility of the HA, and the acoustics of the 

un-occluded or occluded ear canal is determining the accuracy of a match between the target and real-

ear insertion gains (Bell, 2009). Research has shown that fittings made according to a target 

prescription improved speech intelligibility in quiet and noise and better subjective quality compared 

to fittings that deviated significantly from the target (Aazh et al., 2012). However, only a few studies 

have investigated if differences in gain prescription explain differences in self-reported outcomes 

between premium and basic level HAs and if this difference can be related to increased speech 

intelligibility in noise.  

It is widely agreed that the most valid method of quantifying real-world outcomes of a HA 

fitting is to ask for the HA user's opinion. Thus, it has been stated that the patients´ perspective is the 

gold standard to assess HA effectiveness (Cox et al., 2014, 2016). Although there is no consensus on 

the best approach for measuring real-world outcomes, several outcome instruments have been 

developed over the years, and some of the most widely used are the Speech, Spatial and Qualities of 

Hearing Scale (SSQ) (Gatehouse & Noble, 2004) and the International Outcome Inventory for 

Hearing Aids (IOI-HA) (Cox et al., 2000). Limited research has demonstrated differences between 

premium-level and basic-level HA technologies using these self-reported outcome measures. 

However, Cox and colleagues investigated differences in the effectiveness of premium versus basic 
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HAs among 25 and 45 years older subjects (mean age 70 years), respectively, with mild-to-moderate 

bilateral HL and included both first-time and experienced HA users  (Cox et al., 2014, 2016; Johnson 

et al., 2016, 2017). They did not find evidence to suggest that premium HAs yielded better outcomes 

using laboratory speech understanding tests, standardized questionnaires including the Abbreviated 

Profile of Hearing Aid Benefit (APHAB), the SSQ-B version, and the Device-Oriented Subjective 

Outcome (DOSO), hearing-related quality of life (QoL) questionnaire, listening effort outcomes, and 

sound localization in the laboratory and daily life environments. Premium-feature HAs yielded more 

accurate sound localization than basic-feature HAs when high frequency stimuli were used in a quiet 

laboratory setting. Besides this, no evidence was found to suggest that premium-feature HAs yielded 

better outcomes than basic-feature HAs in any of the studies, and they concluded that more 

independent research is needed with other manufacturer’s HAs.  

Our study contributes to current independent research on the efficiency of premium-feature 

HAs compared to basic-feature HAs. The study is designed to strengthen the results by conducting a 

randomized controlled trial and providing a more homogenous patient group,  minimizing patient 

related variation. The primary purpose of the study was to explore the impact of hearing aid 

technology on self-reported hearing ability and the effectiveness of HA treatment in patients with 

symmetric presbycusis. Secondly, the study investigated if differences in gain prescription measured 

with Real-Ear measurements explain differences in self-reported outcomes between patients fitted 

with premium level and basic level HA technologies.  

MATERIALS AND METHODS 

The study was designed as a two-arm parallel randomized controlled trial and part of the Danish 

national Better hEAring Rehabilitation (BEAR) project that aims to improve audiological 

rehabilitation in Denmark and worldwide. Data was 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 May 2018.  

The BEAR project has received ethical approval from The Regional Committees on Health Research 

Ethics for Southern Denmark (S-20162000-64), and the study was registered (Clinical trial 

registration NCT04539847).  

Population and Procedure  

Data were achieved from a subgroup of 1159 patients with HL out of 1961 patients accepting to 

participate in the BEAR project (mean age 66±12 years, 44%women). Patients were recruited in the 
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Region of Southern Denmark by private Ear-, Nose-, and Throat (ENT) specialists, and the consent 

to participate was forwarded in a referral letter to the Department of Audiology, OUH. The inclusion 

criteria for the current study were bilateral symmetrical sensorineural presbycusis (symmetrical HL 

was defined as having less than 10 dB difference in PTA-4 between right and left ear  + ADD that 

the max PTA-4 was 70 dB HL and the sum of two adjacent freq was….??), age more than 60 years, 

and no prior experience with HAs. Patients were excluded if they were not native Danish speakers, 

had any cognitive disorders such as dementia in order to complete informed consent and the 

questionnaires, or if they were experienced HA users. Each patient's audiogram and general medical 

history were contained in the referral letter from the private ENT specialists and checked by the 

responsible researcher. If the inclusion criteria were met, patients were randomly assigned to either a 

premium-feature or basic-feature HA, stratified on age, sex, and Word Recognition Scores (WRS).  

In total, 231 patients were eligible for the study (Figure 1). Twenty-three patients declined the HA 

treatment resulting in a study population of 208 patients. One-hundred-six patients were allocated to 

a basic level HA technology, and 102 patients were allocated to a premium level HA technology. All 

patients received a letter including information on study details, a consent form, and a note on the 

patient´s rights related to study participation. Patients were informed that the research was about 

improving hearing rehabilitation, but they were otherwise blinded about the study.  

Hearing Aids 

Six different pairs of commercially available HAs were evaluated and exemplified basic-feature and 

premium-feature technology from three major individual manufacturers contributing to the BEAR 

project. One pair of basic-feature and premium-feature was included from each manufacturer. In 

Denmark, it is possible to receive free HAs as a part of the public health care system, and therefore, 

patients can be treated with selected types of HAs that have been included as part of a regular ongoing 

public tender. All selected HAs in this study were available for the public tender in Denmark, and 

thus, representative of the HAs accessible for patients receiving their HAs free of charge from the 

Danish public healthcare system. A balanced design was applied with an intended representation of 

approximately one third for each of the three HA manufacturers to avoid the dominance of a specific 

HA product and accompanying fitting paradigm. The six different HA models were all behind-the-

ear (BTE) devices corresponding to the most popular style currently marketed. A list of the advertised 

features in each model of HA is presented in Table 1.  

Hearing Aid Fittings 
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All patients were bilaterally HA fitted by an experienced audiologist according to standard clinical 

best-practice. HAs were fitted using the proprietary fitting algorithms suggested by the specific HA 

manufacturer. If necessary, some gain adjustments away from the proprietary first fit of HA were 

carried out to achieve a fit acceptable to the patient. The decision on the acoustic coupling was based 

on individual characteristics of the ear canal and the hearing threshold of the patient. Table 2 provides 

an overview of the different types of acoustic fit by the level of HA technology.  

Eighteen patients were fitted with other HAs than the allocated model, and therefore, they were 

excluded and leaving a study population of 190 patients (Figure 1). The reasons for fitting the patients 

with another HA included problems with the acoustic fit, sound quality, no option for tinnitus 

masking, difficulties in handling the HA due to rheumatoid arthritis in the finger joints, etc.  One of 

the six HAs did not apply with custom made ear moulds.   

All feature settings were set according to the recommendation of the manufacturer for the patient´s 

specific HL. After the two-month trial period, all patients had the opportunity to choose another model 

or  decline the HA treatment if they were dissatisfied with the fitted HAs. Figure 2 depicts the mean 

audiograms of the right and left ear for the 190 included patients. 

Measurements  

Questionnaires 

All patients completed a questionnaire survey two weeks before the first visit to the clinic and then 

again two months after HA fitting. The outcomes were designed to capture the perceived HA benefit 

of the patients and included the SSQ-12 (Gatehouse & Noble, 2004; Noble et al., 2013) and the IOI-

HA (Cox et al., 2000). The SSQ-12 was designed to assess people’s perception of their listening 

capabilities in various situations and consists of the three domains; speech, space, and sound quality. 

The response is an ordinal scale, and each item was scored from 0-10. A higher score reflects a better 

hearing ability. The IOI-HA is a seven-item questionnaire intended to probe the experience with HAs 

during the recent past (two weeks), reflecting the overall HA effectiveness. The response is an ordinal 

scale that is scored from 1-5. A higher score indicates a better outcome in the specific domains. Using 

principal component analysis or factor analysis, previous studies have identified two subscales within 

the IOI-HA that is described as Factor 1 and Factor 2 scores (Cox and Alexander 2002, Kramer et al. 

2002, Brännström and Wennerström 2010, Jespersen et al. 2014). Factor 1 includes Items 1, 2, 3, and 

4 whereas Factor 2 includes Items 3,5, and 6.  
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 A non-standardized health-related questionnaire was also included in the questionnaire 

survey and contained questions on demographical details such as sex, age, occupational status, HA 

experience, motivation, and tinnitus. Patient’s motivation for HA treatment was assessed by two 

questions from an online evidence-based motivation tool developed by the Ida Institute 

(idainstitute.com): ´How important is it for you to improve your hearing?´ and ´How much do you 

believe in your ability to use hearing aids?´. The responses were a ratio-scale ranging from 0 to 10. 

A higher score indicated a higher motivation (Clark, 2010).  

 The questionnaire survey was managed by the Research Electronic Data Capture 

(REDCap) software that was developed by Vanderbilt University, Nashville, Tennessee, United 

States and hosted by Odense Patient Explorative Network (OPEN) in the Region of Southern 

Denmark (Harris et al., 2009, 2019).  All patients received and answered the questionnaire survey 

through an online link generated by REDCap. Due to the online versions of the questionnaires, some 

modifications were made to the SSQ-12. The response scale from 0-10 was marked by a cursor placed 

at the point of the scale corresponding to one's specified score. The response option, ‘not applicable,’ 

was substituted with an option to leave the cursor untouched, corresponding to the answer, ‘not 

applicable,’ or ‘do not know.’  A paper version was also available at the clinic for patients who were 

unable to fill out the form electronically. The responses were manually entered into the database by 

a research assistant.  

Audiological Assessment 

As part of the first visit to the clinic, all patients underwent standard audiometry according to current 

clinical practice. The audiological assessment consisted of a pure-tone audiometry measuring air-

conduction thresholds at 250 Hz, 500 Hz, 1 kHz, 2 kHz, (3 kHz), 4 kHz, (6 kHz) and 8 kHz; bone-

conduction thresholds at 250 Hz to 4 kHz when needed; and a measure of WRS. Air- and bone-

conduction thresholds were measured according to ISO8253-1:2010 (International Organization for 

Standardization). TDH39 headphones, or ER-3A insert earphones, were used during the tests. The 

WRS was obtained by presenting 25 different monosyllabic words in quiet at the most comfortable 

listening level from the validated DANTALE I wordlists (Elberling et al., 1989). The result is 

expressed in the percentage of correct responses to the words presented. All measurements were 

conducted in a soundproof booth in the Audiological Department at OUH and were carried out by 

experienced audiologists. 

Real-Ear Measurement  
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A follow-up appointment was scheduled approximately two months after HA fitting. Real-ear 

measurements (REM) were performed both before and after any adjustments of the HAs and included 

measuring Real Ear Unaided Gain at 65 dB SPL followed by measuring Real Ear Aided Gain at three 

different input levels (55 dB, 65 dB, and 80 dB SPL). The International Speech Test Signal was used 

as the stimulus, and the HAs were set to default so that all features were activated during the 

measurement.  

The REMs were only used for documentation and not as a basis for adjusting the HAs. This followed 

current clinical conventions that rarely apply REM based adjustments. In addition, the HA usage time 

in hours per day was extracted from the fitting software. Some data logging showed usage time more 

than 18 hours per day and seems unreliable. This could be due to patients not turning off the HAs 

during night, and therefore, we decided to exclude data showing a use time more than 18 hours per 

day. The follow-up visit was carried out by two audiologists.  

Statistical analysis  

PTA-4 was calculated as the average of hearing thresholds at 0.5, 1, 2, and 4 kHz for each ear. 

Multiple Linear Regression (MLR) analyses were used to test the hypothesis that premium-

feature HAs yielded better self-reported outcomes than basic-feature technologies in terms of overall 

SSQ score, SSQ domain scores, IOI-HA total score, and IOI-HA Factor 1 and Factor 2 scores. The 

models including SSQ score were adjusted for baseline SSQ score. Using linear regression as 

statistical model, the outcomes are treated as an interval scale despite ordinal scale properties. 

However, ordered logistic regression did not show any significant differences to the estimates. For 

better interpretation purposes, linear regression was therefore used for statistical analyses, and 

bootstrapping was applied to compensate for non-normally distributed residuals.  Significance 

levels were set at p<0.05 for the MLR analyses (command regress in STATA). Variance inflation 

factor (VIF) was used to test multi-collinearity between independent variables in all linear regression 

models and showed no indications for multi-collinearity in the models (VIF<2.5). Dependent 

variables included in the models were: IOI-HA total score, IOI-HA Factor 1 and Factor 2 score, SSQ 

speech, SSQ space, SSQ sound quality score, and SSQ total score. The primary covariate used in the 

analyses was HA technology level, and secondary covariates were sex, age, WRS, motivation (Q1 

and Q2), and mean REIG deviation from NAL-NL2 targets at 1, 2, and 4 kHz. 

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

College Station, TX).  

 



12 
 

Power calculation (SSQ) 

Based on the SD of SSQ-12 total score and with a sample size of n=190 and power=0.80, we can 

detect a difference in SSQ-12 of 0.64. Also, based on the SD of IOI-HA total score and with the same 

sample size of n=190 and power=0.80, we can detect a difference in IOI-HA of 1.91. These 

differences were considered to be small enough to detect clinically significant differences. Alpha was 

set to 0.05. 

RESULTS 

Demographics  

In total, 190 first-time users were included in the study and randomized to two different groups 

based/stratified on age, sex, and WRS.  Table 3 describes the characteristics of patients allocated to 

either premium or basic level HA technology (n=97/93). The two groups were highly similar in terms 

of sex (p=0.8), age (p=0.2), PTA right and left ear (p=0.5, p=0.5), WRS right and left ear (p=0.9, 

p=0.7), level of motivation Q1 and Q2 (p=0.9, p=0.4), and occupational status (p=0.5). Also, there 

was no statistically significant difference in how much the patients used their HAs in hours per day 

in the two groups (p=0.9).  

Real Ear Measurements  

Differences in Insertion Gain deviation from NAL-NL2 target  

Table 4 shows the mean difference between the insertion gain at 65 dB SPL input level and NAL-

NL2 target at 0.5, 1, 2, and 4 kHz for the six HAs at first fit. There was no statistically significant 

difference in how much the measured REIGs deviated from NAL-NL2 target gains between premium 

and basic HAs across the three companies (A, B, and C). However, comparing each premium and 

basic HA within company A, B, and C showed  a statistically significant difference in how much the 

amplification differed from the NAL-NL2 prescription at 2 kHz for company A and at 1 and 2 kHz 

for company B. The mean difference between the measured REIGs and NAL-NL2 target gains varied 

from 2 to 3 dB between premium and basic level HA at these frequencies.  

Differences in Real Ear Insertion Gain at 65 dB input level  

Figure 3 depicts the mean insertion gain at 125 Hz to 8000 Hz for the first fit of premium and basic 

HAs using the International Speech Test Signal as test stimuli at 65 dB SPL (Holube et al., 2010). 

Data is given for the average of the left and right ear. The figure demonstrates the difference in the 
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prescribed gain between the average of all three premium HAs and the average of all three basic HAs 

used in the study. The average prescribed gain is highly similar for the two levels of HA technology. 

Also, comparing data at each frequency showed no statistically significant difference in the prescribed 

gain. However, if we look at the gain levels for premium and basic HAs within each company (A, B, 

and C) shown in Figure 4, there appears to be a difference in the average prescribed gain between the 

premium and basic HA. The largest difference between premium and basic HA within each company 

is observed at 1 kHz (Company B) and 2 kHz (Company A and C). The absolute value of the (mean) 

difference between premium and basic HA was calculated to be approximately 3 dB gain at 1 kHz in 

Company B and 2 dB gain at 2kHz in Company A and C, which are relatively small gain differences.    

Patient-reported outcomes with IOI-HA and SSQ-12 

Table 5A and 5B shows the results from the regression analyses that investigated if premium-feature 

HA users reported significantly higher overall HA effectiveness using IOI-HA and better hearing 

ability using SSQ-12 than basic-feature HA users. Results show that premium-feature HA users did 

not report a significantly higher IOI-HA Factor 1 score (diff=0.03, 95%CI:-1.1; 1.2, p=0.96), Factor 

2 score (diff=0.11, 95%CI:-0.7; 0.5, p=0.73), or IOI-HA total score (diff=0.03, 95%CI:-1.6;1.7, 

p=0.97) compared to basic-feature HA users.  Using the SSQ speech, space, and sound quality 

domain score as outcome variables, premium-feature HA users reported a 0.8 (95%CI: 0.2;1.4, 

p=0.01) units higher speech score and a 0.6 (95%CI: 0.2;1.1, p=0.01) units higher sound quality score 

compared to basic-feature HA users. Further, results showed that premium-feature HA users also 

reported an overall SSQ-12 total mean score of 0.7 (95%CI: 0.2;1.1, p<0.001) units higher than basic-

feature HA users. Also, patients with 10% better WRS score report a 0.4 (95%CI:0.01;0.1, p=0.02) 

units higher SSQ space score, and patients with higher motivation for HA treatment report a 0.21 

(95%CI: 0.1;0.4, p=0.03) units higher SSQ space score per one unit change in motivation score. WRS 

and motivation had similar significant effects on the total SSQ-12 score. Female HA users reported 

0.74 (95%CI; -1.3; -0.2, p=0.01) units lower SSQ space score than male HA users. These results 

indicate that WRS, motivation, and sex can also drive a change in SSQ-12 score.   

DISCUSSION 

One of the main findings in our study was that presbycusis patients without prior previous HA 

experience using premium-feature HAs reported significantly better hearing ability in terms of speech 

and sound quality using SSQ-12 as the outcome measure compared to presbycusis patients using 

basic-feature HAs. These results indicate that patients with symmetric presbycusis benefit from using 
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premium-feature HAs with improved of hearing ability. The results showed that the benefit was 

related to perceived speech perception and sound quality with premium-feature HA. This is contrary 

to previous studies that did not find any evidence to suggest that premium HAs yielded greater 

improvements in hearing ability or speech understanding compared to basic HAs. The study by Cox 

et al. 2014 combined three sets of questionnaire data (SSQ-B, DOSO, and APHAB) to provide one 

single benefit score which may affect the sensitivity of the original scales, and thus, it may conceal 

any observed differences in the reported hearing ability. Also, in the following three studies by Cox 

and colleagues, they did not find any differences in reported hearing ability, hearing-related quality 

of life, or significant differences in sound localization in daily life environments between premium-

feature and basic-feature HAs (Cox et al., 2016; Johnson et al., 2016, 2017). However, they found 

that premium-feature HAs yielded more accurate sound localization using high-frequency stimuli in 

a laboratory setting. These studies had a less robust study design., and the fact that patientstried 

different types of HAs could bias their experience by comparing between different HA models. 

Further, a more heterogeneous patient group, including both first-time and experienced users, 

contributed to a larger variation in hearing thresholds that might affect the results. One could 

speculate that a more homogenous patient group with more similar levels of HL more clearly reveal 

any differences in hearing ability related to differences in the level of HA technology more clearly.  

Using the IOI-HA total score, Factor 1 score, or Factor 2 score as an outcome, no difference 

was found in overall HA effectiveness between patients using premium-feature HAs compared to 

basic-feature HAs. However, one could also speculate if the IOI-HA questionnaire was not sensitive 

in detecting a difference between the two levels of HA technology. The SSQ-12 appears to be a more 

sensitive outcome measure when analyzing differences between HA models because it more 

accurately addresses real-life situations.  

A possible explanation for premium HAs yielding a better self-reported hearing ability in the 

speech domain could be that the more advanced features in the premium HAs are better at 

distinguishing speech signals from noise than basic-feature HAs. The high-frequency boost feature 

and the speech-enhancer feature (Table 1) could contribute to a better reported hearing ability by 

amplifying speech signals and improving speech understanding in noisy environments. Further, a 

more advanced noise reduction feature in premium HAs might also increase comfort of listening in 

noise. In addition, the sound quality enhancer feature could explain why patients with premium HAs 

report significantly better sound quality compared to basic HA users.  
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One could speculate that the reason for premium HAs providing a better speech perception 

could be that premium HAs prescribed more gain in the frequencies where speech signals are 

represented, and this leads to the second hypothesis of the study. Results from REM showed that 

premium HAs did not prescribe more gain than basic HAs when comparing the average insertion gain 

of all three premium and basic HAs. However, when comparing premium and basic HAs at an 

individual company level, we found that premium HAs prescribed more high-frequency gain than 

basic HAs for Company A, whereas, in Company B, the premium HA actually provided less gain at 

1 and 2 kHz than basic HA. The measured differences in insertion gain within companies A, B, and 

C might be due to the premium and basic HAs using different fitting strategies. In Company B, the 

fitting strategy differed between the two levels of HA technology and is reported in Smeds et al. 

(2016). The change in fitting strategy might explain why more gain is prescribed at 1 kHz for the 

basic-feature HA compared to premium HA in Company B. Also, it is striking to find that different 

gain levels are prescribed for similar types of HL. This is in accordance with other studies that also 

showed extensive differences in amplification characteristics between different manufacturers´ 

proprietary fitting algorithms for the same type of HL (Keidser et al., 2003; Sanders et al., 2015). 

However, REIG did not show to affect the reported hearing ability or reported HA effectiveness. 

Also,, the measured mean gain differences were also rather small, which could explain why insertion 

gain was not significantly affecting the level of reported outcomes.  

When looking at how similar the fit to NAL-NL2 targets is by analyzing the mean differences 

between measured REIGs and NAL-NL2 targets, it showed that for Company A, premium HAs were 

fitted closer to target at 2 kHz. However, for Company B, the opposite tendency was shown (Table 

4). The difference between insertion gain and NAL-NL2 was smaller for the basic HA than the 

premium HA at 1 and 2 kHz. Hence the closeness of fit was more accurate better for the basic HA. It 

is important to remember that all HAs were fitted using the proprietary fitting algorithm, which differs 

from the NAL-NL2 target; thus, the NAL-NL2 target is used as a reference target. Nevertheless, 

results from the regression analysis indicated that although all 6 HA models were fitted according to 

proprietary fitting algorithms, the closeness of fit-to-target did not play a significant role in the 

reported hearing ability. 

Even though Bell (2009) states that the quality of match to target is limited by the number of 

channels in the HA, and that the premium-feature HAs used in this study did include more 

compression channels, modern HAs in general have a high number of compression channels, which 

is expected to be sufficient for an accurate fit. This is confirmed by the results from this study that 
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premium HA from company A at 2 kHz. However, we have to bear in mind that when measuring 

insertion gain levels, several factors can cause variation in data, such as the risk of displacing the 

probe tube when inserting the HA, blockage of the probe tube due to cerumen, or to the ear molds.   

Strengths and Limitations   

The main strength of this study is the study design that allows a highly homogenous study population 

by including only patients with symmetric presbycusis and the randomized design two highly 

homogenour groups?? . This excludes the risk of different types of HL affecting the result and is a 

clear advantage compared to other similar studies with a less powerful study design. The current study 

included only first-time HA users and patients with symmetrical presbycusis in order to minimize the 

variation in patient demographics affecting the results. In addition, this study investigated a larger 

study population, including 190 patients compared to 25 or 45 subjects, respectively, in the studies 

by Cox and colleagues (Cox et al., 2014, 2016; Johnson et al., 2016, 2017). However, it is important 

to note that the pathology behind the presbycusis HL can be different for the patient cohort in this 

study that included both metabolic and sensory presbycusis, which yields different audiometric 

phenotypes according to Dubno et al. (2013). Thus, differences in phenotype might also affect the 

reported hearing ability.   

The study has some limitations that should be taken into consideration. The outcome measures 

used in this study reflect the patients’ perspective and might not be sensitive to the actual differences 

observed in their daily lives. Also, self-reported measures might be subject to reporting bias, and the 

challenging part is that we do not know, if the addressed listening conditions were highly relevant to 

each HA user, or whether other relevant conditions were not addressed. Some of the included patients 

potentially could be experienced users. Patients might have been fitted previously with HAs from a 

private hearing aid vendor for a shorter trial period, but this was not included in the referral letter 

from the ENT.  Another limitation could be that at the time of inclusion, it was not known if patients 

were still employed full-time, or if they had an unsual high leisure activity level, so that the 

randomization of HA technology could not be based on these factors. However, as reported in Table 

1, the vast majority of patients were retired from work, but one could speculate if the results would 

be affected by including more patients employed full time because it might increase the need for more 

advanced feature settings in the HAs due to more difficult listening environments or higher demands 

in hearing ability.  

 



17 
 

CONCLUSIONS 

This study showed that premium HAs provided a better self-reported hearing ability in patients with 

symmetrical presbycusis without prior HA experience, and insertion gain showed not to affect the 

result. However, this does not necessarily comply with all different types of HL, and individual 

factors still need to be considered when treating patients with HAs. It is the responsibility of the 

hearing care provider to recommend the level of HA technology for a given patient with HL. Even 

though this study found evidence to suggest that premium HAs to yield a better reported hearing 

ability, clinicians should be careful not simply to conclude that more advanced HAs always produce 

a better outcome. Therefore, it is important to follow best-practice fitting protocols when treating 

patients with HAs, and that hearing care providers insist on independent evidence to support the 

choice of HA technology level.  
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Figure 1. Patient Flow Diagram.  
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Figure 2. Average Hearing Thresholds in dB HL for Left and Right Ear in the Total Study Population 

(n=190).  Error bars show 1 standard deviation. 
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Figure 3. Average Real Ear Insertion Gain at 65 dB SPL input level obtained from Left and Right 

Ear of Three Companies by Level of Hearing Aid Technology (n=162). Error bars show 1 standard 

error of the mean. 
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Figure 4. Average Real Ear Insertion Gain at 65 dB input Level Obtained for Left and Right Ear by 

Level of Hearing Aid Technology and Companies (A, B, C) (n=162). 
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Table 1. Differences Between Premium and Basic Features in the six Hearing Aids as Described by 
Manufacturers A, B, and C.  

 

 

  

 
Feature 

Hearing Aids 
Premium A Basic A Premium B Basic B Premium C Basic C 

Number of compression channels 16 8 15 5 17 10 

Adaptive microphone directionality 
More 

advanced 
Less 

advanced 
More 

advanced 
Less 

advanced 
More 

advanced 
Less 

advanced 

Pinna simulation N/A N/A Yes No Yes No 

Noise management 
More 

advanced 
Less 

advanced Yes No? 
More 

advanced 
Less 

advanced 

Wind Noise reduction Yes No Yes No 
More 

advanced 
Less 

advanced 

Feedback management Yes Yes Yes Yes Yes Yes 

Environmental adaptation Yes No? Yes No Yes No 

Binaural data streaming Yes Yes Yes No Yes Yes 

Proprietary high-frequency boost 
More 

advanced 
Less 

advanced Yes No Yes Yes 

Sound quality enhancer Yes No Yes No Yes No 

Speech enhancer 
More 

advanced 
Less 

advanced Yes No N/A N/A 

Number of programs 4 4 5 3 4 4 

Tinnitus support Yes Yes Yes No Yes Yes 

Connectivity (iPhone, Android) Yes No Yes No Yes No 
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Table 2. Distribution of the Different Types of Acoustic Fit (n=190) by Level of Hearing Aid Technology. 

Acoustic fit 
Frequency 

Premium Basic 
Open dome 58 57 
Closed dome 14 7 
Tulip dome (semi-open) 9 7 
Custom made (silhouette) 5 9 
Micro mold 4 7 
Double Tulip (power) 1 2 
Casted mould (shell) 0 1 
N/A 2 7 
Total 93 97 
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Table 3. Characteristics of Patients Allocated to use Basic- or Premium-feature Hearing Aids.  

*p-values using Fisher´s exact test, Mann-Whitney U test, t-test, and Chi-Square test.
Abbreviations: Hearing aids, HA; Inter-Quartile Range, IQR; Hearing Loss, HL; Pure Tone Average at 0.5,
1, 2, and 4 kHz, PTA-4; Word Recognition Score, WRS

Median (IQR) Basic-feature HA 
users 

(N= 97) 

Premium-feature 
HA users 

(N=93) 
p-value*

Sex, % 
Women 45 41 0.8 
Age, years 
   Range 

72.0 (10.0) 
(61-90) 

70.0 (10.0) 
(60-93) 

0.2 

PTA-4, dB HL 
   Right ear 
   Left ear 
    Range 

37.5 (12.5) 
37.5 (12.5) 

(15-60) 

36.3 (10.0) 
36.6 (12.1) 

(18-64) 

0.5 
0.5 

WRS, percentage 
   Right ear 
   Left ear 

92.0 (12.0) 
92.0 (8.0) 

92.0 (8.0) 
92.0 (8.0) 

0.9 
0.7 

Severity of HL based on better ear PTA-4, n (%)      
   Normal Hearing, ≤19 dB HL 
   Mild HL, 20-34 dB HL 
   Moderate HL, 35-49 dB HL 
   Moderate-Severe HL, 50-64 dB HL 
   Severe & Profound HL, >65 dB HL 

3 (3) 
43 (44) 
45 (46) 

6 (6) 
0 (0) 

1 (1) 
45 (48) 
44 (47) 

4 (4) 
0 (0) 

0.7 

Motivation Q1 score 
   (Range 0-10) 
Motivation Q2 score 
   (Range 0-10) 

7.9 (3.1) 
(3-10) 

8.1 (3.2) 
(1-10) 

8.1 (3.2) 
(2-10) 

8.5 (2.6) 
(1-10) 

0.9 

0.4 

Occupational status, n (%) 
  Active  
  Retired  
  Missing 

9 (9%) 
81 (84%) 

7 (7%) 

12 (13%) 
75 (81%) 
6 (6%) 

0.5 

Average HA usage time, hours per day 
   Range (0-18) 

9.0 (8.0) 
(0-16) 

9.0 (8.0) 
(0-18) 0.8 
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Table 4. Mean Differences (dB) Between Real Ear Insertion Gain and NAL-NL2 Target for the six 
Research Hearing Aids.  

Data for left and right ears were averaged for each patient (n=162). Standard deviations are given in 
parentheses. * significance at p<0.05, ** significance at p<0.001when comparing data for each pair of premium and 
basic hearing aid.  

Frequency, 
kHz 

Hearing Aids 

Basic A Premium A Basic B Premium B Basic C Premium C 

0.5 0.6 (2.0) 0.3 (0.9) 0.8 (1.9) 0.1 (2.7) 0.1 (1.5) 0.3 (1.7) 
1.0 -3.2 (2.7) -3.3 (2.1) 2.1 (4.1)* -0.2 (3.6) -2.6 (3.8) -3.1 (3.7)
2.0 -5.7 (3.3)** -2.0 (3.6) -0.9 (4.6)* -3.6 (4.4) -2.8 (3.6) -1.3 (4.3)

4.0 -11.4 (4.0) -9.3 (4.4) -8.4 (5.1) -9.9 (4.4) -6.9 (4.5) -6.1 (5.1)
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Multiple linear regression analysis with applied bootstrapping with 5000 replications. Word Recognition Scores, WRS; Real-Ear Insertion Gain, REIG. 

Table 5A.  Associations Between Self-reported Hearing Aid (HA) Outcome Using the International Outcome Inventory for 
Hearing Aids (IOI-HA) Score and Level of HA Technology. 

Explanatory variables 

IOI-HA Factor 1 (n=157) 
Adj. R2=0.08 

IOI-HA Factor 2 (n=157) 
Adj. R2=0.05 

IOI-HA total (n=157) 
Adj. R2=0.08 

Coef. (95% CI) p-value Coef. (95% CI) p-value Coef. (95% CI) p-value

Primary explanatory variable 

HA technology level 
(Ref: Premium) 0.03 (-1.15; 1.22) 0.96 -0.11 (-0.74; 0.52) 0.73 -0.03 (-1.62;1.68) 0.92 

Secondary explanatory variables 

WRS (average left and right ear) 0.01 (-0.07; 0.09) 0.82 0.03 (-0.01; 0.08) 0.14 0.04 (-0.06;0.14) 0.47 

Motivation Q1 0.28 (-0.07; 0.64) 0.12 -0.02 (-0.22; 0.18) 0.84 0.23 (-0.24; 0.7) 0.43 

Motivation Q2 0.28 (-0.06; 0.61) 0.09 0.05 (-0.14; 0.24) 0.54 0.32 (-0.11;0.77) 0.13 

Sex (ref: women) 0.17 (-0.96; 1.30) 0.77 -0.22 (-0.86; 0.42) 0.50 -0.18 (-1.55;1.45) 0.84 

Age 0.00 (-0.08; 0.09) 0.94 -0.01 (-0.06; 0.03) 0.59 -0.01 (-0.12;0.10) 0.88 

REIG dev from target 1 kHz -0.09 (-0.24; 0.07) 0.32 -0.03 (-0.11; 0.06) 0.57 -0.16 (-0.32;0.10) 0.29 

REIG dev from target 2 kHz 0.07 (-0.15; 0.29) 0.56 0.07 (-0.06; 0.19) 0.29 0.03 (-0.16;0.43) 0.86 

REIG dev from target 4 kHz 0.00 (-0.15: 0.15) 0.97 0.01 (-0.08; 0.09) 0.84 0.14 (-0.19;0.21) 0.17 

Constant 10.34 (-1.33; 22.02) 0.09 11.03 (4.45; 17.61) 0.00 21.37 (5.84;36.91) 0.01 
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Multiple linear regression analysis with applied bootstrapping with 5000 replications. Word Recognition Scores, WRS; Real-Ear Insertion Gain, 
REIG, Baseline SSQ-12 score, B_SSQ-12. Statistically significant p-values marked in bold.  

Table 5B. Associations Between Self-reported Hearing Aid (HA) Outcome using the Speech, Spatial, and Qualities of Hearing (SSQ) Score and 
Level of Hearing Aid Technology. 

Explanatory variables 
SSQ speech (n=158) 

Adj. R2=0.22 
SSQ space (n=158) 

Adj. R2=0.38  

SSQ sound quality (n=157) 
Adj. R2=0.22 

SSQ total (n=157) 
Adj. R2=0.33 

Coef. (95% CI) p-value Coef. (95% CI) p-value Coef. (95% CI) p-value Coef. (95% CI) p-value

Primary explanatory variable 

HA technology level 
(ref: Premium) 0.80 (0.2;1.4) 0.01 0.41(-0.1;0.9) 0.11 0.64 (0.2;1.1) 0.01 0.67 (0.2;1.1) <0.001 

Secondary explanatory variables 

WRS (average of left and right ear) 0.04 (0.0;0.1) 0.06 0.04 (0.01;0.1) 0.02 0.02 (-0.01;0.1) 0.24 0.03 (0.0;0.1) 0.05 

Motivation Q1 0.19 (-0.1;0.4) 0.08 0.21 (0.1;0.4) 0.03 0.12 (-0.03;0.3) 0.09 0.19 (0.1;0.3) 0.01 

Motivation Q2 0.01 (-0.2;0.9) 0.96 0.02 (-0.1;0.2) 0.77 0.01 (-0.1;0.1) 0.93 0.00 (-0.1;0.1) 0.98 

Sex (ref: women) -0.36 (0.9;0.2) 0.22 -0.74 (-1.3;-0.2) 0.01 -0.09 (-0.6;0.4) 0.71 -0.35 (-0.8;0.1) 0.12

Age -0.04 (-0.1;0.0) 0.06 -0.01 (-0.1;0.03) 0.59 -0.02 (-0.1;0.01) 0.22 -0.02 (-0.1;0.01) 0.19

REIG deviation from target at 1 kHz -0.02 (-0.1;0.1) 0.16 -0.05 (-0.1;0.02) 0.17 0.02 (-0.04;0.1) 0.50 -0.02 (-0.1;0.04) 0.56

REIG deviation from target at 2 kHz 0.04 (-0.1;0.2) 0.35 0.05 (-0.1;0.02) 0.33 0.03 (-0.1;0.1) 0.55 0.03 (-0.1;0.1) 0.45 

REIG deviation from target at 4 kHz -0.02 (-0.1;0.1) 0.64 -0.02 (-0.1;0.1) 0.62 -0.01 (-0.1;0.1) 0.66 0.00 (-0.1;0.1) 0.92 

B_SSQ-12 for corresponding domain 0.32 (0.2;0.5) <0.001 0.48 (0.4;0.6) <0.001 0.41 (0.3;0.6) <0.001 0.49 (0.3;0.6) <0.001 

Constant 2.72 (-3.3;8.7) 0.37 -0.66 (-6.1;4.8) 0.81 3.40 (-1.7;8.5) 0.19 1.35 (-3.3;6.0) 0.57 
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Abstract 

Occupational noise-induced hearing loss (HL) has been widely studied. However, it is unclear to which 

extend noise exposure affects the characteristics of the HL in patients with age-related HL. The aim of 

this prospective observational cohort study was to investigate the effects of self-reported occupational 

noise exposure on (1) audiometric configuration; (2) the Acoustic Reflex Threshold (ART); and (3) 

self-reported hearing aid outcomes in patients 60 years of age or older with an age-related HL. Patients 

were recruited from two regional Danish University Hospitals undergoing hearing aid treatment. They 

were tested with pure-tone audiometry, ART, and filled out validated questionnaires about hearing aid 

outcomes using the Speech, Spatial, and Qualities of Hearing Scale (SSQ-12) and the International 

Outcome Inventory for Hearing Aids (IOI-HA). In addition, information on occupation types, duration, 

and intensity of occupational noise exposure was also obtained. In total, 1181 patients were included 

(median age: 71 years; Inter-quartile range (IQR): 9 years; 44% women); a subset of 740 patients with 

measured ART data were eligible for corresponding analysis. Greater occupational noise exposure was 

associated with a higher prevalence of steeply sloping audiograms and a 0.32 (95% CI: -0.57; -0.06) 

scale points lower median SSQ12 total score among men. No associations were found between the 

ART at 1,2, and 4 kHz and self-reported noise exposure, hence, the clinical measure of the ART cannot 

be used for identification of subclinical changes following noise exposure, but there is a clear 

relationship between the ART and hearing thresholds. These results demonstrated that audiogram 

configuration and self-reported hearing aid outcomes provide considerable added value for 

clarification of the role of noise in patients with age-related HL. 
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1. Introduction     

Noise is defined as unwanted sound and can be viewed as a pollutant with adverse health effects and 

economic consequences (Basner et al., 2014; Lie et al., 2016). Among different types of noise, 

occupational noise is the most frequently studied (Basner et al., 2014) and has been linked to 

significant health problems such as hearing loss (HL), tinnitus, stress, sleep disturbance, hypertension, 

and cardiovascular diseases (Nelson et al., 2005). Although the prevalence of noise-induced hearing 

loss (NIHL) is declining in most industrialized countries, HL due to noise exposure is still a significant 

health problem. Worldwide, the burden attributed to occupational noise ranges from 7% in western 

countries to 21% in developing countries (Lie et al., 2016; Nelson et al., 2005).  Next to age-related 

HL, NIHL is the second most common sensorineural HL and is characterized by a gradual loss of 

auditory sensory cells in the cochlea, especially in the high-frequency area, resulting from a continuous 

exposure to high sound pressure levels (Abraham et al., 2019; Alberti PW, 1992). NIHL is one of the 

most well-documented occupational disorders in Europe (Nelson et al., 2005; Lie et al., 2016), with 

the degree depending on noise intensity, duration, frequency, and type (Abraham et al., 2019; 

Ristovska et al., 2015).  

Evidence from animal models demonstrates that noise-induced damage to the ear has more 

progressive consequences than previously expected. Kujawa & Liberman (2006; 2009) showed 

substantial, ongoing neural deterioration in mice after noise exposure and that the loss of spiral 

ganglion neurons can progress for years. This has challenged the view that noise exposure only results 

in cochlear hearing loss that even may be a temporary threshold shift following a short period of 

extensive noise exposure. Previously, noise-damaged ears have been shown to aggravate the age-

related HL, which led to the idea of an age-noise interaction effect (Gates 2000). In other words, noise-

exposed ears age differently from those without any noise exposure. Gates (2000) found an accelerated 

rate of HL in frequency areas adjacent to noise-damaged frequencies (3 kHz, 4 kHz, and 6 kHz) in 

elderly men, especially at 2 kHz. This pattern was reversed in ears not exposed to noise. In general, a 

number of factors such as genetics, smoking, high blood pressure, diabetes, medication, and chemical 

substances contribute to the degree of HL. Thus, HL in noise-exposed and/or aging ears is therefore 

highly variable and difficult to distinguish (Gates and Mills, 2005; Kujawa & Liberman, 2006; Lie et 

al., 2016).  According to the International Organization for Standardization (ISO 1999), the total HL 

in older persons is the sum of age-related HL and permanent noise-induced threshold shifts minus a 

compression factor that varies depending on the degree of threshold shifts (ISO, 2013) (Carter et al., 

2014).  
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Clinically, the only way to classify a patient´s type of HL is to measure a pure-tone audiogram. 

Several studies have classified audiograms and linked them to different pathologies (Liu & Xu, 1994; 

Salvinelli et al., 2004; Schuknecht et al., 1964, 1993; Demeester et al., 2010; 2009). Schuknecht (1964) 

was one of the first to link age-related HL to different pathophysiological changes in the auditory 

pathway. Using animal models, Dubno et al. (2012) classified audiograms into different phenotypes 

of age-related HL that reflect the underlying cochlear pathology in older humans. Steeply sloping 

audiogram configurations, characterized as sensory presbycusis, have been associated with the 

presence of noise exposure (Cooper & Owen, 1976; Schuknecht & Gacek, 1993; Gates & Mills, 2005; 

Demeester at al.,2009). Gates and Mills (2005) in fact state that sensory presbycusis has little to do 

with ageing and much to do with accumulated environmental noise exposure. Dubno et al. (2013) 

reported that noise exposure in animal studies typically produces outer hair cell loss in the cochlear 

base where high frequencies are coded, thereby resulting in steep slopes. However, Hederstierne & 

Rosenhall (2016) did not find a difference in threshold elevation hearing decline in individuals with 

and without occupational noise exposure.   

Following noise exposure, audiograms often show a frequency-specific HL, typically in the 2 to 8 kHz 

region, commonly referred to as a “noise notch” with a maximum HL at 4 kHz (Carter et al., 2014). 

Lie et al. (2014) found that audiometric notches were slightly more prevalent among noise-exposed 

train and track maintenance workers (59-64%) than among controls (49%) aged 45 years and above. 

The slope of the audiogram has also been associated with the extent of spiral ganglion cell degeneration 

(Nelson and Hinojosa, 2006; Demeester et al., 2010). Even though notches have been recognized as 

hallmark audiometric features, they are more common among younger age groups as they can ‘fade 

out’ or disappear in older patients (Alberti, 1992). There is a lack of knowledge about audiogram 

configuration in older adults with a history of occupational noise exposure, that is, whether a steep 

slope is more prevalent in this population compared to non-exposed older adults.  

It is well known that the hearing decline is more pronounced in men, and differences in 

audiometric shape have also been linked to gender differences. Epidemiological studies found that the 

most prevalent audiogram configuration among men was high-frequency steeply sloping and that 

women have significantly flatter audiograms than men (Hannula et al., 2011; Demeester et al., 2009; 

Canturia et al., 2020). Also, differences in hearing sensitivity across frequency have been described. 

Women have more sensitive hearing than men toward the base of the cochlea, responsible for high-

frequency coding, whereas men tend to have more sensitive hearing toward the apex of cochlea, coding 

the low frequencies (Nolan et al., 2020).  
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Few studies have explored the association between audiogram configuration and self-reported 

hearing disabilities. Among older adults (aged 55-64 years), Hannula et al. (2011) found that those 

reporting hearing difficulties more often had a high-frequency steep-slope (HFSS) audiometric 

configuration than those not reporting any difficulties. To our knowledge, no studies have investigated 

the role of noise exposure on self-reported hearing aid effectiveness and hearing disability using the 

International Outcome Inventory for Hearing Aids (IOI-HA) and the short form of Speech Spatial and 

Qualities of Hearing Scale (SSQ12).  

Detecting clinical changes following noise exposure not reflected in the audiogram is an ongoing 

challenge. Stamper & Johnson (2015) found a significant correlation between ABR wave-I amplitudes 

and noise exposure in normal-hearing human ears, indicating that supra-threshold measures can be 

used for identification of cochlear synaptopathology due to noise damage. However, when analyzing 

for gender differences, this effect was only found among women (Stamper & Johnson, 2015a). Another 

promising measure is the middle-ear muscle reflex (MEMR), or the Acoustic Reflex (AR) which refers 

to the reflexive middle-ear muscle contraction following high levels of sound stimulation (Gelfand, 

1984; 2016). The acoustic reflex threshold (ART) is the sound pressure level (SPL) at which a sound 

stimulus with a given frequency will trigger the AR and measured as the change in acoustic immittance 

at the lowest intensity of an acoustic stimulus. Valero et al. (2016; 2018) found significantly reduced 

wideband MEMR magnitudes and elevated thresholds in noise-exposed mice. They therefore 

suggested that the AR is an excellent way of measuring synaptopathy and the likely loss of spiral 

ganglion neurons because the AR recruits neurons with higher thresholds. However, in humans, these 

associations have been more difficult to detect. Lindgren et al. (1983) investigated the ART in 100 

cases of noise-exposed subjects (mean age: 60 years) and found that the ART was not elevated in those 

with a noise-notched audiogram configuration. Also, hearing thresholds were not elevated in noise-

exposed subjects aged 60-69 (n=41). Wojtczak et al. (2017) showed reduced AR strength in persons 

with noise-induced tinnitus and suggested this could be due to a loss of cochlear synapses. Mepani et 

al. (2020) reported that ART and strength are correlated with word recognition scores in challenging 

listening conditions. In addition, Shehorn et al. (2020) found that lifetime noise exposure caused a 

weaker MEMR which was associated with decreased speech recognition at high levels in people with 

normal audiograms. However, Guest et al. (2019) found no significant associations between spatial 

speech perception, self-reported tinnitus, and lifetime noise exposure using standard clinical MEMR 

measures. A study by Causon et al. (2020) did not find evidence to suggest that ART is related to 

estimated lifetime noise exposure in normal-hearing listeners (age: 18-40 years).  
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To our knowledge, no study has investigated the associations between noise exposure, 

audiogram configuration, and ARTs. Furthermore, no study has explored the role of noise exposure 

on self-reported hearing aid benefit and effectiveness in patients with age-related HL. The aim of this 

study was to investigate how self-reported occupational noise exposure affects (1) the audiogram 

configuration; (2) the ART; and (3) self-reported hearing disabilities and hearing aid effectiveness in 

patients above the age of 60 years with age-related HL. We hypothesized that greater occupational 

noise exposure would be associated with more prevalent steep-slope audiogram configurations, 

elevated ARTs, increased self-reported hearing disabilities, and reduced self-reported hearing aid 

effectiveness. 

2. Materials and Methods 

The study was conducted as a prospective observational cohort study as part of the Danish Better 

hEAring Rehabilitation (BEAR) project. Data were collected from the Departments of Audiology at 

Odense University Hospital (OUH), Region of Southern Denmark and at Aalborg University Hospital 

(AAUH), North Denmark Region from January 2017 to January 2018. Ethical approval was obtained 

from The Regional Committees on Health Research Ethics for Southern Denmark (S-20162000-64).  

2.1 Patient Population and Procedure  

A total of 2447 adults referred for a hearing aid treatment were invited to participate in the BEAR 

project from which 1961 accepted participation. For the current study, patients 60 years old and above, 

exhibited age-related HL and available occupational noise exposure data were included (n=1181). All 

patients received information on study details, a consent form, and a note on the patient´s rights related 

to participation. Patients were excluded if they were not able to speak and read Danish or had any 

cognitive decline such as dementia, preventing them from filling out the questionnaires.  

2.2 Estimating Lifetime Occupational Noise Exposure 

A self-reported noise questionnaire was designed to estimate the accumulated life-time occupational 

noise exposure. To calculate the cumulative quantity of occupational noise exposure during the 

working periods across the lifespan, the participants were asked to report a) whether they were exposed 

to noise (yes/no); b) the number of occupations with noise exposure, starting with one consisting of 

the highest level of noise exposure; c) the number of years employed; d) the estimated length of a 

typical working day  for each occupation (full-day work, half-day work, less than half a day of work);  

e) the estimated noise exposure intensity. The noise intensity was divided into 1) Extremely loud 

(cannot hear another person shout from 0.25m away) corresponding to 95 dB SPL, 2) very loud (cannot 

hear another person shout from 0.5m away) corresponding to 90 dB SPL, 3) loud (cannot hear another 
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person talk with elevated voice volume from 1m away) corresponding to 85 dB SPL, and 4) Disturbing 

(cannot easily hear another person talk with normal voice from 1m away) corresponding to 80 dB SPL. 

Up to ten different occupations could be reported per participant. The respondents used the noise 

intensity scale to state the approximate level of sound exposure in each specific occupation. The 

thirteen response options for occupation types are shown in Table 2. To estimate the total equivalent 

noise exposure level (Leq), a yearly exposure level was calculated using the following formula (1) 

(Schmidt et al., 2014):  

LAeq1y = 10log10 [(Equivalent Noise Exposure (years)*  100.1  Avg daily NE**)job 1 + (…)job 2 + 

… (…)job 6 ]                                                                                                                    (1) 

*Equivalent Noise Exposure (years) = Employment years x % of day working (assuming 8 hours as 

100%, corresponding to full-day work; half-day work as 50%; less than half a day of work as 25%) 

**NE= noise exposure.  

Where LAeq1y is the cumulative equivalent A-weighted sound exposure in one year, calculated for each 

patient. 

 

In general, self-reported noise exposure data are affected by reporting bias, with some subjects having 

a very low cumulative noise exposure. Thus, we decided to exclude patients with the lowest 25% in 

LAeq1yLeq1y. A new dichotomous variable termed ‘self-reported occupational noise exposure’ was  

generated with those within the highest 75% of LAeq1y coded as ‘occupational noise-exposed’ and 

those who responded ‘no’ to the question ‘Have you been exposed to noise at work?’ coded as ‘not 

occupational noise-exposed’. Further, a non-standardized health-related questionnaire was included in 

the survey and contained questions on demographical details such as sex, age, and occupational status  

2.3 Patient-reported Hearing Aid Outcomes  

All participants completed self-reported hearing aid outcome questionnaires approximately two weeks 

before and 6 weeks after being fitted with hearing aids. The patient-reported outcomes included the 

short form of the Speech, Spatial, and Qualities of Hearing Scale (SSQ12) (Gatehouse and Noble 2004, 

Noble et al. 2013) and the International Outcome Inventory for Hearing aids (IOI-HA) (Cox et al. 

2000). The IOI-HA was only answered before hearing aid fitting if the participants were experienced 

hearing aid users. 

The SSQ12 was designed to assess the patient’s perception of their listening capabilities in various 

situations with HAs and consisted of the three domains: speech, spatial, and sound quality. The 

response is an ordinal scale where each item is scored from 0 to 10. A higher score reflects a better 

hearing ability with HAs. 
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The overall HA effectiveness was assessed using the IOI-HA that consists of seven items targeting 

different outcome domains. Each item was scored on an ordinal scale from 1 to 5 where a higher score 

represents a better outcome. Two subscales, Factor 1 and Factor 2, have been identified by several 

studies and describes two different outcome domains (Cox & Alexander, 2002; Kramer et al, 2002; 

Heuermann et al, 2005; Smith et al, 2009; Brännström & Wennerström, 2010). Factor 1 represents the 

perceived hearing aid benefit, consisting of Item 1, 2, 4, and 7 and therefore yields scores between 4-

20. Factor 2 describes the residual difficulties after hearing aid fitting, consisting of Item 3,5, and 6 

that yields a score between 3-15.  

 Due to the online versions of the questionnaires, some modifications were made to the SSQ12. 

The response scale from 0 to10 was marked by a cursor placed at the point of the scale corresponding 

to one's specified score. The response option, ‘not applicable’, was substituted with an option to leave 

the cursor untouched, corresponding to the answer, ‘not applicable’, or ‘do not know’.   

 The questionnaire survey was managed by the Research Electronic Data Capture (REDCap) 

software which was hosted by Odense Patient Explorative Network (OPEN) in the Region of Southern 

Denmark and developed by Vanderbilt University, Nashville, Tennessee, United States (Harris et al. 

2009, 2019). All patients received and answered the questionnaire survey through an online link 

generated by REDCap, but a paper version was also available at the clinic for patients who were unable 

to fill out the form online. These responses were manually entered into the database by a research 

assistant.  

2.4 Audiological Assessment 

All participants underwent a standard speech and pure tone audiometry. Pure-tone air-conduction 

thresholds were measured at 0.25 to 8 kHz from both ears and bone-conduction thresholds at 0.25 kHz 

to 4 kHz when air-conduction thresholds showed low-frequency hearing thresholds <20 dB HL or 

were asymmetric between the two ears. Air- and bone-conduction thresholds were measured according 

to ISO8253-1:2010 (International Organization for Standardization) using TDH39 headphones, or ER-

3A insert earphones during the tests. Further, Word Recognition Score (WRS) measurements were 

conducted by presenting 25 different monosyllabic words in quiet at the most comfortable listening 

level from the validated DANTALE-I wordlists (Elberling et al. 1989). The result is expressed as the 

percentage of correct responses to the words presented. All measurements were conducted in a 

soundproof booth and were carried out by trained and certified audiologists. 

2.5 Acoustic Reflex Threshold  

Ipsilateral and contralateral ARTs were measured on all ears using a MADSEN Zodiac 901® from 

Otometrics (Natus Medical©, Taastrup, Denmark) with Otometrics ear tips. The initial presentation 
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level was 75 dB HL rising in 5 dB steps to 105 dB NHL until the ART was obtained. The ARTs were 

measured using three pure-tone elicitors; 1, 2, and 4 kHz and defined as the lowest stimulus intensity 

resulting in a reduction in middle-ear compliance of 0.03 ml. A continuous 226 Hz probe tone was 

used in the test ear to measure the reduction in compliance. Calibration was performed regularly 

according to international standards, IEC 60645-5. The extracted reflex data were only available in 

patients examined at Department of Audiology, OUH.. 

2.5 Hearing Aid Fittings 

All patients were fitted with hearing aids by a certified audiologist according to standard clinical best-

practice and free of charge as part of the Danish healthcare system. Hearing aids were fitted using the 

proprietary fitting algorithms suggested by the specific hearing aid manufacturer. If necessary, some 

gain adjustments away from the proprietary first-fit were carried out to achieve a fitting that was 

acceptable to the patient. The decision with respect to the earpiece was based on individual 

characteristics of the ear canal and the hearing thresholds of the individual patient. 

2.4 Statistical Analysis 

Descriptive statistics of age, accumulated noise exposure, average pure-tone hearing thresholds across 

0.5, 1, 2, and 4 kHz (PTA-4), WRS as well as SSQ and IOI-HA scores were summarized in four groups 

(by sex and by self-reported occupational noise-exposure status, respectively) as percentages for the 

categorical variables and medians and interquartile ranges (IQR) for skewed continuous variables. 

Means and standard deviations (SD) were used for normally distributed continuous variables (mainly 

the ARTs). The differences between patients with and without occupational noise exposure were 

compared using Mann-Whitney U tests for non-normally distributed variables, t-test for normally 

distributed variables and chi-square tests for categorical variables. The same procedure was repeated 

for both men and women. Patients’ type of occupation was summed (up to 4 occupation types/person) 

and the distribution in percentages was calculated for each occupation type for both men and women.  

Audiogram configurations were classified according to the International Electrotechnical 

Commission (IEC) standard 60118-15 (Bisgaard et al., 2010). In this classification, 10 standard types 

of audiograms cover the range of audiograms typically seen in clinical practice. They include N1 to 

N7 describing flat and moderately sloping standard audiograms as well as S1 to S3 describing steeply 

sloping audiograms. 

To test the hypothesis that self-reported hearing aid efficiency and hearing ability depends on 

occupational noise exposure, the different hearing outcome data (IOI-HA and SSQ12) were used as 

dependent variables and occupational noise exposure, age, WRS (left and right ear) and PTA-4 (left 
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and right ear) as independent variables. Because we observed a significant interaction between sex and 

occupational noise exposure status, the models were repeated after stratifying the participants by sex.  

To test the hypothesis that occupational noise exposure affects the configuration of the 

audiograms in patients with age-related hearing loss, a multinomial logistic regression model was 

applied. Odds ratio (OR) and 95% confidence interval (CI) were calculated for having steep-slope 

audiograms (S1-S3 according to the Bisgaard et al. classification) compared to flat and moderately 

sloped audiograms (N1-N7 according to the Bisgaard et al. classification). Occupational noise 

exposure, PTA-4 and SSQ score were included in the model with the respective interaction terms with 

sex. Age, sex, and ear of measurement were included into the model as covariates. Patients’ 

identification number was included into the model as random effects to account for two measurements 

for the same individual. The model was built four times to predict either the SSQ total score or the 

three SSQ domain scores (speech, space, and sound quality). 

To test the hypothesis that increased ARTs are associated with self-reported noise exposure, 

PTA-4, and SSQ score, four sets of mixed model analysis (Models I-IV) were applied. Each set of the 

model was repeated six times using ipsilateral and contralateral ART at three frequencies (1kHz, 2kHz, 

and 4 kHz) as outcome, respectively. Models I-IV each included a distinct SSQ score as independent 

variable (SSQ total score and SSQ speech, space, and sound quality domain score). All models were 

additionally adjusted for PTA-4 (left and right ear), age, sex, and ear of measurement. Patients’ 

identification number was included into the model as random effect to account for multiple 

measurements for the same individual.  

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

College Station, TX).  

 

3. Results 

3.1 Demographics  

In total, 1181 patients 60 years of age or older with available occupational noise exposure data were 

included in this study (median age 71 (IQR 9), 44% women). Occupational noise exposure was more 

prevalent among men in comparison to women (64% vs. 24%, p< 0.001).  

Tables 1 describes the characteristics of patients by sex and by occupational noise exposure status. In 

both men and women, those with noise exposure were slightly younger compared to those without 

noise exposure (p<0.001 for men; p=0.002 for women) and no significant difference in PTA-4 of the 

right and the left ear between those with and without occupational noise exposure was observed. Noise 

exposed men reported significantly lower SSQ total score (p<0.001), speech domain score (p<0.001), 
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spatial domain score (p<0.001, baseline score; p=0.01, follow-up score) and sound quality domain 

score (p<0.001) before and after hearing aid fitting compared to non-exposed men; whereas in noise 

exposed women, no significant difference in SSQ scores were found compared to those without noise 

exposure at baseline or follow-up. Compared to men without noise exposure, a higher proportion of 

noise exposed men completed only 9 years of compulsory education (15% vs. 7%, p<0.001) and a 

lower proportion finished higher education (university or vocational) compared to men without noise 

exposure (66% vs. 85%, p<0.001). No significant difference in noise exposure status was observed 

among women with the highest level of education (p=0.21). According to Table 2, men and women 

with occupational noise exposure differ in the occupation types. The most prevalent occupation types 

for men were construction industry (32%), mechanics (16%), other (10%), and farming, fishing, and 

forestry (9%). For women, teaching, science, childcare (25%), food industry (19%), health care 

practitioners and support (15%) were among the most frequently reported occupation types related to 

noise exposure. Flat and moderately sloping audiogram configurations (N1-N7, Bisgaard et al., 2010) 

are more prevalent compared to steep slope audiograms (S1-S3) in both men and women. However, 

in both sexes, those with noise exposure more often exhibited steep sloping audiograms (S1-S3, 

Bisgaard et al., 2010) compared to those without noise exposure (p=0.024 in men, p=0.002 in women).  

3.2 Effect of Occupational Noise Exposure on Audiogram Configuration, Self-reported Hearing aid 

Outcomes, and Acoustic Reflex Thresholds 

It was investigated if self-reported hearing aid benefit and efficiency were affected by self-reported 

occupational noise exposure in men and women. Table 3 shows that men with occupational noise 

exposure reported 0.32 (95%CI: -0.57; -0.06, p=0.01) lower SSQ total score, 0.53 (95%CI: -0.85;-

0.22, p=0.001) lower speech domain score, and 0.31 (95%CI: -0.58; -0.04, p=0.02) lower sound quality 

domain score compared to non-exposed men, even when adjusting for baseline SSQ scores. No 

statistically significant differences were shown with women. 

The effect of occupational noise exposure on audiogram configuration in patients with age-

related hearing loss was investigated using multinomial logistic regression analysis, and the results are 

shown in Table 4. Noise exposure and self-reported hearing aid outcomes at baseline were included 

into the model with interaction terms with sex. Men with noise exposure had almost two times higher 

odds for having steep sloping audiogram configuration when compared to non-exposed men (OR (95% 

CI): 1.90 (1.07-3.37) for SSQ total score; 1.99 (1.12-3.52) for speech domain score; 2.17 (1.23-3.83) 

for spatial domain score; 1.86 (1.05-3.29) for sound quality domain score). Additionally, noise exposed 

women had three times higher odds for having a steep sloped audiogram than non-exposed women 

(OR (95% CI): 3.08 (1.17-8.85) for SSQ total score; 3.00 (1.14-7.92) for speech domain score; 3.10 
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(1.17-8.22) for spatial domain score; 3.09 (1.17-8.17) for sound quality domain score). Also, men 

reporting higher SSQ total and sound quality scores had 16-20% lower odds for having steep sloped 

audiogram (OR (95% CI): 0.84 (0.72-0.99) for baseline total score; 0.80 (0.69-0.93) for sound quality 

score).  

Figure 1 shows the mean audiogram threshold for men and women with and without noise 

exposure. The effect of noise exposure on the slope of the audiogram in men or women was not very 

clear. However, a slightly steeper sloped audiogram can be observed in men with noise exposure from 

3 kHz to 4 kHz compared to non-exposed men. The difference in audiometric shape between men and 

women is more diverse. Men have a more steeply sloped audiogram whereas women appear to have a 

flatter audiogram.  

A subset of 740 patients with measured acoustic reflex data were included in the corresponding 

analysis.  Average ipsilateral and contralateral ARTs and percentage of absent ART by sex and by 

occupational noise exposure status are shown in Table 5. Overall, no difference in ARTs was observed 

between those with and without noise exposure in both sexes at all three measured frequencies (1kHz, 

2kHz, and 4 kHz) of ipsilateral and contralateral ARTs and percentage of absent ARTs.  It was 

investigated, if elevated ipsilateral and contralateral ARTs were related to self-reported occupational 

noise exposure and poorer self-reported hearing aid benefit, and the results from the mixed model 

analysis are presented in Table 6a (ipsilateral ARTs) and 6b (contralateral ARTs).  No significant 

difference in ARTs at 1, 2, or 4 kHz between noise exposed and non-exposed patients was found. 

Overall, PTA-4 was significantly associated with elevated ARTs.  

4. Discussion 

This study demonstrates that self-reported noise exposure in patients with age-related HL leads to 

audiograms with steeper slopes in the high frequencies and has a negative impact on the hearing aid 

benefit. Currently, there are only few epidemiological studies investigating the effect of occupational 

noise on the audiogram configuration in patients with age-related HL. Evidence suggests that noise 

aggravates age-related HL, but limited research explores if this effect remains evident in older people. 

In this population, it is difficult to distinguish the effect of aging from the effect of occupational noise 

exposure on HL. In a longitudinal study comprising of 1013 subjects, Hederstierne, C., & Rosenhall, 

U. (2016) did not find a difference in pure tone threshold patterns of hearing decline, calculated as the 

difference in hearing thresholds for each frequency between two test occasions divided by 5 years, 

between subjects at the age 70 and 75 years exposed and not exposed to noise. Kovalova et al. (2016) 

analysed data from a sample of 4988 subjects (mean age 44 years, women; 53 years, men) and only 

found men with a risk for occupational noise had a significant difference in pure-tone thresholds from 
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2kHz Hz to 8 kHz depending on age group that is most likely due to a notch-shaped audiogram in the 

subjects at age 18-59 years. However, the results from our study show that steeply sloped audiograms 

are more predominant in noise exposed patients with age-related HL (median age 71 years). This 

finding is in accordance to those of Demeester et al. (2009) who showed a significant association 

between the prevalence of steep sloping configurations and the degree of noise exposure in a slightly 

younger population (age range: 55-65 years) using Chi-squared tests to the audiogram configuration 

variable that was characterized using computational program and according to a classification by 

Wuyts et al. (1998). Demeester et al. (2009) also showed that men had significantly more high-

frequency steep sloped audiograms whereas flat audiograms were significantly more common in 

women. Noise exposure did not change this finding. These results are a long with the results from 

Cantura et al. (2020) are comparable to our study that also found a higher prevalence of high-frequency 

steeply sloping audiograms in men and a higher prevalence of flat audiograms in women, and this 

supports current knowledge that women are more likely to develop flat audiograms indicating a strial 

phenotype or metabolic presbycusis and a larger total HL when looking at the entire frequency range 

(Dubno et al.,2013; Schuknecht & Gacek, 1993). Men on the other hand, develop more high-frequency 

steeply sloping audiograms indicating a sensory phenotype of age-related HL.  These differences could 

be explained by hormonal differences between men and women that plays a role for the maintenance 

of the auditory function (Delhez et al., 2020). Another important finding from this study was that noise 

exposed men had two times higher odds for steeply sloping audiograms than non-exposed men, but 

this phenomenon was not observed in women and could be explained by lack of power in the group of 

women with noise exposure (n=82) compared to men with noise exposure (n=390). Also, looking at 

the mean audiogram thresholds for men and women in Figure 1, the effect of noise resulting in 

audiograms with steeper slopes was only evident for noise exposed men, and this could be explained 

by occupational noise exposure that was more prevalent among men than women (57% vs. 20%, p < 

0.001). One could speculate that men in certain occupation types (e.g. construction) could 

underestimate their noise exposure. Also, the most prevalent occupation types for men (construction 

industry and mechanics) are probably occupations with higher noise levels than the most prevalent 

occupations for women (teaching, science, childcare and food industry). Eng et al. (2011) also found 

that women are more likely to work as professionals while men are more likely to work in the 

agricultural, trades, and manufacturing sectors. Lower education level has been shown to increase the 

prevalence of occupational noise exposure (Mehlum IS (2013)). We observed that a higher proportion 

of men with noise exposure completed only 9 years of compulsory education compared to men without 

noise exposure, whereas in women no significant difference in level of education between those with 
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and without noise exposure were observed. This might explain why the effect of noise is more evident 

for men compared to women. Also, studies report gender differences in the attitude towards noise that 

could play an important role for reporting noise levels (Warner-Czyz & Chain, 2016). We also 

observed that noise exposed patients with age-related HL showed to be slightly younger than those 

without noise exposure, and one explanation for this could be that noise exposed patients seek 

treatment of their HL earlier than patients with age-related HL without noise exposure.  

The association between noise exposure and the AR growth functions has been well-established 

in previous animal studies, but currently, only limited research has shown this effect in humans with 

regards to the ART. If the AR is a good measure for detecting noise-induced cochlear synaptopathy 

and a resulting loss of spiral ganglion neurons, the ART should be elevated in patients reporting higher 

levels of occupational noise exposure. However, based on the results from Causon et al. (2020) that 

used both tonal and broadband elicitors in normal hearing listeners, we did not expect the standard 

clinical ART to be a good measure for identifying neural degeneration due to noise. In this study, 

ARTs at 1, 2, and 4 kHz were not related to lifetime occupational noise exposure in patients with age-

related HL and corroborates the results from Guests et al. (2019) and Causon et al. (2020) who also 

reported no relation between noise exposure and ARTs or the AR growth function. Results from this 

study suggest that routine clinical AR measures are not a sensitive measure when investigating the 

effects of noise exposure in patients with age-related HL. However, as this study used a pure tone 

elicitor, and Causon et al. (2020) states that the most reliable elicitor is contralateral broad band noise 

because it yields a 100% response rate and gives the lowest ARTs, one could speculate whether the 

results would remain the same if broad band noise were used. Also, using the 226 Hz probe tube may 

reduce the accuracy of the measurement and different probe stimuli, like a broadband probe, to 

measure the response might have changed the conclusion drawn from this study. Another technical 

issue that may be important is that the system used in this study did not use in-situ forward-pressure 

calibration allowing for greater accuracy over the actual sound levels reaching the tympanic 

membrane. This could cause an increased between-subject variability affecting the significance of the 

results. Therefore, these methodological differences should be considered when planning future 

studies trying to link any association between ARTs and noise exposure.  

To our knowledge, no studies have investigated the association between ARTs and self-reported 

hearing disability. We hypothesized that patients with elevated ARTs would report increased hearing 

disability, reflected in a lower SSQ score, because these patients most likely experience increased 

perceptual difficulties in noise. However, this study did not find any evidence to suggest that elevated 
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ipsilateral or contralateral ARTs were associated with poorer hearing ability in patients with age-

related HL using the SSQ total score and domain scores at baseline.  

Investigating the effect of occupational noise exposure on self-reported hearing aid outcomes 

using SSQ12 revealed that noise exposed men report poorer hearing aid benefit than non-exposed men 

when adjusting for baseline SSQ scores. These results indicate that noise exposed men experience less 

benefit with their HAs than non-exposed men. In women however, the coefficients from the same 

analysis seems to be in the opposite direction though not reaching statistical significance, suggesting 

that women with noise exposure report higher benefits with their HAs than non-exposed women. This 

could be explained by noise exposed women have a higher educational level than noise-exposed men, 

indicating that these women probably have been less exposed to harmful noise levels during work.  

This assumption is also substantiated by the reported gender differences in the most prevalent 

occupation types.  

In accordance to Hannula et al. (2011) studying 850 subjects (age: 54-66 years) that showed  

those reporting hearing difficulties more often had steeply sloping audiograms, we found that higher 

baseline SSQ total and sound quality scores decreased the odds for having steep sloping audiograms 

in this study. However, this relation was only found in men.  

This is the one of the first epidemiological studies that demonstrate how occupational noise 

exposure affects patients with ARHL. The main strength of this study is the use of a large patient 

sample and inclusion of potential clinical indicators following noise exposure. However, the study has 

some limitations that should be considered when interpreting the results. Occupational noise exposure 

was estimated from self-reported questions and therefore could be subject to report bias. This bias may 

over or underestimate the true noise exposure in a non-differential way.  It is therefore unlikely that it 

will affect the conclusions of the study. Furthermore, we excluded participants within the lowest 

quartile of estimated occupational noise exposure to ensure that those included in the analyses most 

likely experienced a certain degree of noise exposure. Future studies could investigate the effect of 

noise within specific occupation categories to reduce reporting bias of occupational noise exposure.   

This study demonstrates that self-reported occupational noise exposure increases the prevalence 

of high-frequency steep slope audiograms in patients with age-related HL. Furthermore, the noise 

exposed patients with age-related HL experience less benefit from their hearing aids compared to non-

exposed patients with age-related HL. Also, this study showed that the clinical measure of the ART 

cannot be used for identifying subclinical changes due to noise exposure. However, elevated ARTs at 

1 kHz were associated with lower SSQ scores in all domains except the sound quality domain. Overall, 
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these results demonstrated that audiogram configuration and self-reported hearing aid benefit provide 

considerable added value for clarifying the role of noise in patients with age-related HL.  

 

Conflicts of Interests  

None 

 

Author contributions  

Study concept and design:   

Acquisition of subjects and/or data: SH, AW, JS, LT. 

Analysis and interpretation of data: SH, LT, JS, SN, DDH, MG, DH, TN, CG. 

Preparation of manuscript: SH, LT, JS.   

Critical review of the manuscript for intellectual content: all authors. 

All authors have read and approved the manuscript.  

 

Acknowledgements  

Collaboration and support by Innovation Fund Denmark (Grand Solutions 5164-00011B), Oticon, GN 

Hearing, Widex-Sivantos Audiology, and other partners (Aalborg University Hospital, Odense 

University Hospital, University of Southern Denmark, Aalborg University, Technical University of 

Denmark, FORCE Technology and, Copenhagen University Hospital are sincerely acknowledged.  

The authors would like to give a special thanks to the participating patients and the staff at the 

Departments of Audiology at AAUH and OUH. Also, a special thanks to Sören Möller, affiliated at 

OPEN, for his support with statistics.  



18 
 

Table 1. Participants' characteristics by sex and occupational noise exposure status (n=1176) 

  Men Women 

 With noise exposure 

(n=390) 

Without noise 

exposure (n=282) 
 With noise exposure 

(n=85) 

Without noise 

exposure (n=419) 
 

  Median (IQR) Median (IQR) p- value Median (IQR) Median (IQR) p- value 

Age (years) 70.0 (10.0) 71.5 (9.0) < 0.001 69.0 (9.0) 72.0 (9.0) 0.002 

Calculated equivalent noise exposure, Leq [dB(A)] 99.0 (7.2) N/A N/A 97.0 (6.1) N/A N/A 

PTA-4 left ear (dB HL) 42.5 (18.8) 40.0 (18.8) 0.35 38.8 (16.3) 38.8 (13.4) 0.92 

PTA-4 right ear (dB HL) 41.3 (16.3) 38.8 (17.5) 0.07 38.8 (18.8) 38.8 (15.0) 0.48 

WRS left (%) 88.0 (20.0) 88.0 (20.0) 0.76 92.0 (16.0) 96.0 (12.0) 0.30 

WRS right (%) 88.0 (16.0) 92.0 (16.0) 0.13 96.0 (12.0) 96.0 (12.0) 0.85 

SSQ12 baseline total score 4.7 (2.3) 5.4 (2.4) <0.001 4.8 (2.3) 4.8 (2.3)  0.69 

SSQ12 baseline speech domain score 3.4 (2.7)  4.0 (2.9)  <0.001 4.0 (3.0) 3.9 (2.6) 0.46 

SSQ12 baseline spatial domain score 6.2 (3.5)  6.8 (3.5)  <0.001 5.6 (3.6)  5.4 (2.8)  0.76 

SSQ12 baseline sound quality domain score 5.2 (2.1)  6.2 (2.5)  <0.001 5.2 (2.4)  5.3 (2.2)  0.42 

SSQ12 follow-up total score 6.0 (2.7) 6.7 (2.6) < 0.001 6.0 (2.9) 5.7 (2.7) 0.28 

SSQ12 follow-up speech domain score 5.2 (3.6) 6.1 (3.1) < 0.001 5.5 (3.2) 5.0 (3.5) 0.27 

SSQ12 follow-up spatial domain score 7.1 (3.2) 7.6 (3.2) 0.01 6.8 (3.5) 6.2 (3.2) 0.16 

SSQ12 follow-up sound quality domain score 6.3 (2.7) 7.2 (2.4) < 0.001 6.4 (3.2) 6.3 (2.7) 0.81 

IOI-HA total  29.0 (6.0) 29.0 (7.0) 0.72 29.0 (7.0) 29.0 (7.0) 0.44 

IOI-HA factor 1  17.0 (5.0) 16.0 (6.0) 0.16 17.0 (6.0) 16.0 (6.0) 0.34 

IOI-HA factor 2 13.0 (3.0) 13.0 (3.0) 0.03 13.0 (3.0) 13.0 (4.0) 0.63 

  % %  % %  

Highest level of education        

Finished compulsory education* 15 7 

<0.001 

29 19 

0.04 Finished higher education** 65 85 55 71 

Other 20 9 15 10 

Bisgaard configuration       

        N1-N7 (flat and moderately sloping) 56 66 
<0.01 

84 90 
0.03 

        S1-S3 (steep sloping) 43 34 16 10 

 

 

Statistical tests: Mann-Whitney U test and chi2 test 
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SSQ12, The short form of the Speech, Spatial, and Qualities of Hearing Scale; IOI-HA, International Outcome Inventory for Hearing Aids; PTA-4, Pure-Tone Average of 

0.5, 1, 2, and 4 kHz; WRS, Word Recognition Score 

*Compulsory education is minimum 9 years, ** Higher education is university or vocational education. 

 

 

 

Table 2. Distribution and calculated equivalent noise exposure by occupation type (n=475) 

Occupation type 

Men (n=390) Women (n=85) 

Frequency (up to 4 

occupation 

types/person, n=626) 

% 

Calculated 

equivalent noise 

exposure, Leq 

[dB(A)], median 

(IQR) 

Frequency (up to 3 

occupation 

types/person, n=147) 

% 

Calculated 

equivalent noise 

exposure, Leq 

[dB(A)], median 

(IQR) 

1 (Healthcare practitioners and support) 3 0.48 93.0 (8.2) 23 15.65 94.4 (8.1) 

2 (Teaching, science, childcare)  34 5.43 94.8 (7.5) 35 23.81 91.0 (7.0) 

3 (Restaurants, kitchen work and cleaning) 5 0.80 98.5 (11.0) 12 8.16 91.1 (7.0) 

4 (Office and administration services)  7 1.12 97.6 (9.0) 6 4.08 92.5 (3.6) 

5 (Construction industry)  211 33.71 98.8 (9.2) 6 4.08 99.5 (3.1) 

6 (Mechanichs) 122 19.49 98.0 (9.2) 6 4.08 100.5 (8.8) 

7 (Industrial workers) 28 4.47 99.7 (13.8) 1 0.68 89.5 (0.0) 

8 (Trade, service, and retail industry)  4 0.64 93.0 (5.4) 4 2.72 96.6 (5.5) 

9 (Military workers  31 4.95 94.8 (10.0) 1 0.68 102.6 (0.0) 

10 (Police, fire fighters)  10 1.60 99.3 (9.8) 0 0.00 N/A 

11 (Food industry)  49 7.83 96.0 (8.0) 29 19.73 96.5 (10.0) 

12 (Farming, fishing, and Forestry)  38 6.07 96.8 (8.0) 2 1.36 94.8 (13.6) 

13 (Other)  84 13.42 98.3 (10.8) 22 14.97 92.4 (9.4) 
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Table 3. Associations between Self-reported Hearing Aid Outcome and Occupational Noise Exposure Status by Gender  

 Noise exposed (ref. non-exposed) 

 Men (n=575) Women (n=409) 

Self-reported hearing aid outcome β 95% CI p-value R2 β 95% CI p-value R2 

SSQ12 follow-up total score -0.32 (-0.57; -0.06) 0.01 0.36 0.22 (-0.32; 0.63) 0.28 0.37 

SSQ12 follow-up speech domain score -0.53 (-0.85; -0.22)  0.001 0.32 0.31 (-0.19; 0.80) 0.22 0.28 

SSQ12 follow-up spatial domain score -0.14 (-0.44; 0.15) 0.34 0.34 0.17 (-0.31; 0.82) 0.47 0.34 

SSQ12 follow-up sound quality domain score -0.31 (-0.58; -0.04) 0.02 0.28 0.13 (-0.47; 0.51) 0.53 0.35 

IOI-HA total score  0.03 (-0.78; 0.85) 0.94 0.02 0.60 (-0.74; 1.95) 0.38 0.01 

IOI-HA Factor 1 score  0.35 (-0.43; 0.71) 0.22 0.02 0.39 (-0.41; 1.32) 0.42 0.03 

IOI-HA Factor 2 score  -0.31 (-0.69; 0.08) 0.12 0.09 0.22 (-0.38; 0.84) 0.47 0.10 

Statistical method: multiple linear regression analysis. All models were additionally adjusted for age, Word Recognition Score (left and right ear), Pure-tone 

Average of 0.5, 1, 2, and 4 kHz (left and right ear), and models including SSQ score were adjusted for baseline SSQ12 scores  
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Table 4. Association between Audiogram Configuration, Occupational Noise Exposure, and Self-reported Hearing Aid Outcome (n=1153)  

  
Steep sloping (S1-S3), (ref. flat and moderately sloping, N1-N7) 

 
 Men (n=662) Women (n=491) 

   OR (95% CI) p-value OR (95% CI) p-value 

Model I 

Exposed to noise (ref. not exposed to noise) 1.90 (1.07-3.37) 0.03 3.08 (1.17-8.15) 0.02 

SSQ12 baseline total score 0.84 (0.72-0.99) 0.04 1.02 (0.80-1.30) 0.89 

PTA-4 (left and right ear) 1.00 (0.99-1.02) 0.57 1.00 (0.97-1.03) 0.92 

Model II 

Exposed to noise (ref. not exposed to noise) 1.99 (1.12-3.52) 0.02 3.00 (1.14-7.92) 0.03 

SSQ12 baseline speech domain score 0.90 (0.78-1.03) 0.13 1.01 (0.82-1.25) 0.91 

PTA-4 (left and right ear) 1.01 (0.99-1.02) 0.44 1.00 (0.97-1.03) 0.87 

Model III 

Exposed to noise (ref. not exposed to noise) 2.17 (1.23-3.83) 0.01 3.10 (1.17-8.22) 0.02 

SSQ12 baseline spatial domain score 0.95 (0.84-1.07) 0.38 1.05 (0.87-1.27) 0.61 

PTA-4 (left and right ear) 1.01 (0.99-1.02) 0.40 1.00 (0.97-1.03) 0.96 

Model IV 

Exposed to noise (ref. not exposed to noise) 1.86 (1.05-3.29) 0.03 3.09 (1.17-8.17) 0.02 

SSQ12 baseline sound quality domain score 0.80 (0.69-0.93) 0.004 0.98 (0.78-1.24) 0.86 

PTA-4 (left and right ear) 1.00 (0.99-1.02) 0.66 1.00 (0.97-1.03) 0.84 

Statistical method: multinominal logistic regression; occupational noise exposure and self-reported hearing aid outcomes were included into the model with 

their respective interaction terms with sex; all models were additionally adjusted for age, sex, and ear (left vs. right) SSQ12, The short form of the Speech, 

Spatial, and Qualities of Hearing Scale; PTA-4, Pure-Tone Average of 0.5, 1, 2, and 4 kHz; OR, Odds Ratio  
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Table 5. Acoustic reflex thresholds by sex and occupational noise exposure status (n=740) 

  Men Women 

  
With noise exposure 

(n=223) 

Without noise 

exposure (n=176) 
 With noise exposure 

(n=71) 

Without noise 

exposure (n=270) 
 

Average acoustic reflex thresholds (ART) Mean ± SD Mean ± SD p- value Mean ± SD Mean ± SD p- value 

Ipsilateral ART       

   1 kHz (dB) 84.1 ± 8.0 83.7 ± 8.7 0.62 82.9 ± 9.8 83.8 ± 8.4 0.579 

   2 kHz (dB) 85.3 ± 8.0 85.2 ± 8.7 0.91 83.5 ± 8.5 84.3 ± 8.8 0.631 

   4 kHz (dB) 90.8 ± 6.5 90.1 ± 7.9 0.49 86.7 ± 7.1 86.8 ± 7.0 0.922 

Contralateral ART       

   1 kHz (dB) 89.6 ± 9.7 89.3 ± 8.6 0.69 87.8 ± 7.9 90.5 ± 9.6 0.064 

   2 kHz (dB) 92.1 ± 9.2 91.4 ± 8.3 0.43 89.3 ± 7.7 91.4 ± 8.4 0.099 

   4 kHz (dB) 98.2 ± 8.7 96.7 ± 8.3 0.21 93.2 ± 8.6 94.0 ± 9.3 0.665 

Absense of ART % %  % %  

Ispilateral ART       

   1 kHz (dB) 29 33 0.24 32 37 0.42 

   2 kHz (dB) 49 48 0.87 37 44 0.36 

   4 kHz (dB) 69 71 0.48 61 62 0.88 

Contralateral ART       

   1 kHz (dB) 20 23 0.32 25 30 0.40 

   2 kHz (dB) 35 38 0.47 30 41 0.08 

   4 kHz (dB) 68 68 0.97 56 64 0.25 

Statistical tests: t-test and chi2 test. SD, Standard Deviation; dB, Decibel  
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Table 6a. Association between Ipsilateral Acoustic Reflex Threshold (ART), Occupational Noise Exposure, and Self-reported Hearing aid Outcome 

(n=381) 

    Ipsilateral ART    

  1kHz 2kHz 4kHz   
    β 95% CI p-value β 95% CI p-value β 95% CI p-value  

 
 

Model I 

Exposed to noise (ref: 

Non-exposed)  
0.61 (-1.18; 2.40) 0.50 0.94 (-1.11; 2.99) 0.37 1.05 (-1.00; 3.11) 0.32 

   
SSQ12 baseline total 

score 
-0.04 (-0.53; 0.44) 0.86 0.16 (-0.38; 0.70) 0.57 0.11 (-0.47; 0.68) 0.72 

   
PTA-4 (dB HL) 0.10 (0.03; 0.17) 0.004 0.13 (0.04; 0.21) 0.003 0.12 (0.03; 0.22) 0.01    

Model II 

Exposed to noise (ref: 

Non-exposed) 
0.66 (-1.13; 2.44) 0.47 0.94 (-1.11; 2.98) 0.37 1.05 (-1.01; 3.11) 0.34 

   
SSQ12 baseline speech 

domain score 
0.02 (-0.39; 0.44) 0.91 0.14 (-0.32; 0.60) 0.55 0.08 (-0.39; 0.56) 0.74 

   
PTA-4 (dB HL) 0.10 (0.03; 0.17) 0.003 0.13 (0.04; 0.21) 0.003 0.12 (0.03; 0.21) 0.01    

Model III 

Exposed to noise (ref: 

Non-exposed) 
0.58 (-1.19; 2.36) 0.52 0.93 (-1.11; 2.96) 0.37 1.07 (-0.97; 3.12) 0.30 

   
SSQ12 baseline space 

domain score 
-0.12 (-0.48; 0.24) 0.51 0.13 (-0.28; 0.54) 0.53 0.13 (-0.30; 0.56) 0.56 

   
PTA-4 (dB HL) 0.10 (0.03; 0.17) 0.004 0.13 (0.04; 0.21) 0.003 0.13 (0.04; 0.22) 0.01    

Model IV 

Exposed to noise (ref: 

Non-exposed)  
0.66 (-1.12; 2.44) 0.47 0.86 (-1.18; 2.90) 0.41 0.99 (-1.05; 3.03) 0.34 

   
SSQ12 baseline sound 

quality domain score 
-0.004 (-0.46; 0.46) 0.99 0.05 (-0.46; 0.57) 0.85 0.002 (-0.54; 0.54) 0.995 

   
PTA-4 (dB HL) 0.10 (0.03; 0.17) 0.004 0.12 (0.04; 0.21) 0.01 0.12 (0.03; 0.21) 0.01    

Statistical method: mixed model; reference for exposed to noise: not exposed to noise; all models additionally adjusted for age, sex, and ear (left vs. right) 

SSQ12, The short form of the Speech, Spatial, and Qualities of Hearing Scale; PTA-4, Pure-Tone Average of 0.5, 1, 2, and 4 kHz. Statistically significant p-

values marked in bold.  
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Table 6b. Association between Contralateral Acoustic Reflex Threshold (ART), Occupational Noise Exposure, and Self-reported Hearing aid 

Outcome (n=479) 

    Contralateral ART    

  1kHz 2kHz 4kHz    
    β 95% CI p-value β 95% CI p-value β 95% CI p-value    

Model I 

Exposed to noise (ref: Non-

exposed)  
0.31 (-1.46; 2.07) 0.73 0.60 (-1.10; 2.30) 0.49 1.59 (-0.64; 3.83) 0.16 

   

SSQ12 baseline total score 0.18 (-0.29; 0.65) 0.45 0.18 (-0.28; 0.65) 0.44 0.52 (-0.11; 1.14) 0.10    
PTA-4 (dB) 0.13 (0.07; 0.20) < 0.001 0.20 (0.13; 0.27) < 0.001 0.05 (-0.05; 0.16) 0.30    

Model II 

Exposed to noise (ref: Non-

exposed) 
0.29 (-1.46; 2.05) 0.75 0.59 (-1.10; 2.28) 0.49 1.62 (-0.61; 3.85) 0.16 

   
SSQ12 baseline speech 

domain score 
0.15 (-0.24; 0.55) 0.44 0.17 (-0.22; 0.56) 0.39 0.51 (-0.01; 1.03) 0.06 

   
PTA-4 (dB) 0.13 (0.06; 0.19) < 0.001 0.20 (0.13; 0.27) < 0.001 0.05 (-0.05; 0.15) 0.36    

Model III 

Exposed to noise (ref: Non-

exposed)  
0.18 (-1.57; 1.92) 0.84 0.60 (-1.09; 2.29) 0.49 1.57 (-0.65; 3.80) 0.17 

   
SSQ12 baseline space 

domain score 
-0.04 (-0.39; 0.31) 0.82 0.16 (-0.18; 0.50) 0.36 0.40 (-0.06; 0.87) 0.09 

   
PTA-4 (dB) 0.13 (0.06; 0.19) <0.01 0.20 (0.13; 0.27) < 0.001 0.05 (-0.05; 0.16) 0.30    

Model IV 

Exposed to noise (ref: Non-

exposed) 
0.39 (-1.35; 2.14) 0.66 0.50 (-1.20; 2.20) 0.56 1.37 (-0.86; 3.61) 0.23 

   
SSQ12 baseline sound 

quality domain score 
0.29 (-0.15; 0.74) 0.20 0.03 (-0.42; 0.47) 0.91 0.10 (-0.49; 0.70) 0.73 

   
PTA-4 (dB) 0.13 (0.07; 0.20) < 0.001 0.20 (0.13; 0.27) < 0.001 0.05 (-0.06; 0.15) 0.37    

Statistical method: mixed model; reference for exposed to noise: not exposed to noise; all models additionally adjusted for age, sex, and ear (left vs. right). 

SSQ12, The short form of the Speech, Spatial, and Qualities of Hearing Scale; PTA-4, Pure-Tone Average of 0.5, 1, 2, and 4 kHz; dB, Decibel 
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Figure 1. Average Hearing Thresholds in Men and Women with and without Occupational Noise 

Exposure (n=1171).  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note: Error bars show 1 standard error of the mean.  
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