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Purpose: To examine the association of cognitive function, age, and hearing loss with clinically 

assessed hearing aid benefit in older hearing-impaired persons.

Methods: Hearing aid benefit was assessed using objective measures regarding speech recogni-

tion in quiet and noisy environments as well as a subjective measure reflecting everyday situations 

captured using a standardized questionnaire. A broad range of general cognitive functions such 

as attention, memory, and intelligence were determined using different neuropsychological tests. 

Linear regression analyses were conducted with the outcome of the neuropsychological tests 

as well as age and hearing loss as independent variables and the benefit measures as dependent 

variables. Thirty experienced older hearing aid users with typical age-related hearing impair-

ment participated.

Results: Most of the benefit measures revealed that the participants obtained significant 

improvement with their hearing aids. Regression models showed a significant relationship 

between a fluid intelligence measure and objective hearing aid benefit. When individual hearing 

thresholds were considered as an additional independent variable, hearing loss was the only 

significant contributor to the benefit models. Lower cognitive capacity – as determined by the 

fluid intelligence measure – was significantly associated with greater hearing loss. Subjective 

benefit could not be predicted by any of the variables considered.

Conclusion: The present study does not give evidence that hearing aid benefit is critically 

associated with cognitive function in experienced hearing aid users. However, it was found that 

lower fluid intelligence scores were related to higher hearing thresholds. Since greater hearing 

loss was associated with a greater objective benefit, these results strongly support the advice 

of using hearing aids regardless of age and cognitive function to counter hearing loss and the 

adverse effects of age-related hearing impairment. Still, individual cognitive capacity might be 

relevant for hearing aid benefit during an initial phase of hearing aid provision if acclimatiza-

tion has not yet taken place.

Keywords: fluid intelligence, working memory, experience

Introduction
Hearing loss is among the most prevalent chronic disabilities in older adults. It is 

estimated that about two-thirds of persons aged 70 years or older exhibit hearing 

problems.1,2 Age-related hearing loss is typically of the sensorineural type. The common 

way to counter sensorineural hearing loss is amplification by hearing aids (HAs). The 

basic function of HAs is acoustic amplification of the sound signal. Amplification aims 

to restore the audibility of sounds, and thus helps to improve speech perception – the 

main objective of HA provision. However, modern HAs contain numerous advanced 

signal processing features, such as dynamic range compression, in order to address 

Correspondence: Hartmut Meister
Jean Uhrmacher Institute for Clinical 
ENT-Research, University of Cologne, 
Geibelstr 29–31, Cologne, Germany
Tel +49 221 4789 7003
Fax +49 221 4789 7010
Email hartmut.meister@uni-koeln.de 

Journal name: Clinical Interventions in Aging
Article Designation: Original Research
Year: 2015
Volume: 10
Running head verso: Meister et al
Running head recto: Hearing aid fitting in older persons
DOI: http://dx.doi.org/10.2147/CIA.S77096

C
lin

ic
al

 In
te

rv
en

tio
ns

 in
 A

gi
ng

 d
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://www.dovepress.com/permissions.php
http://creativecommons.org/licenses/by-nc/3.0/
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/CIA.S77096
mailto:hartmut.meister@uni-koeln.de


Clinical Interventions in Aging 2015:10submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

436

Meister et al

changes in loudness perception associated with hearing loss 

or noise reduction schemes that alleviate speech understand-

ing against background noise. In addition to the pure amplifi-

cation of sounds, these features provide many HA users with 

an additional benefit. On the other hand, advanced signal 

processing may introduce artifacts in the sound signal that 

potentially counteract to the beneficial function.

Despite the significant technological progress in HA 

technology over the last decade, HA uptake in older adults 

remains low. HA ownership among people with hearing 

impairment is reported to be between 6% and 41%.3–5 The 

low prevalence of HA use in older persons might be due to 

a lack of awareness of hearing problems, cosmetic issues 

(‘stigmatization’), handling problems, or an underestima-

tion of HA benefit.6,7 Furthermore, older people might have 

special needs with respect to candidature for and delivery of 

audiological services.8,9

Over the few last years, another dimension has been 

increasingly discussed with regard to HA use in the elderly –  

namely, the interaction of hearing technologies and 

cognition.10,11 This issue seems especially important, since 

many older adults reveal decreased cognitive function rela-

tive to younger persons.12 In line with this, mild cognitive 

impairment (MCI) – defined as the cognitive state that lies 

between normal aging and dementia13 – can be observed in 

individuals aged 71 years or older with a prevalence rate of 

approximately 22%.14

A number of recently published studies have highlighted 

a possible interaction of amplification and cognitive function 

of the users. A common line of argumentation is that persons 

with lower cognitive capacity benefit less from certain signal 

processing algorithms since they are more susceptible to the 

artifacts associated with some advanced processing schemes. 

For instance, Gatehouse et al,15 Lunner and Sundewall-

Thorén,16 and Foo et al17 have found that HA users with higher 

cognitive performance (ie, working memory [WM] capacity) 

performed better with fast dynamic compression than indi-

viduals with lower cognitive skills. The latter showed better 

speech intelligibility with slow compression. Ng et al18 found 

that noise reduction algorithms had a positive effect on word 

recall in individuals with good WM capacity, whereas there 

was no such effect for participants with poor WM capac-

ity. With regard to frequency compression, Arehart et al19  

showed that listeners with higher WM capacity revealed bet-

ter intelligibility of strongly frequency-compressed speech 

than those with low WM.

However, such findings have not been observed univer-

sally. Cox and Xu20 found that persons with lower cognitive 

abilities might also benefit from fast compression – at least 

with contextual speech. When speech is low in semantic 

context, listeners with lower cognitive abilities might benefit 

more from slower compression.

Neher et al21 investigated performance with noise reduc-

tion schemes and cognitive function, but did not find any 

significant interaction. Contrary to common understanding, 

they found that individuals with a lower WM capacity pre-

ferred stronger noise reduction settings, and thus accepted 

more artifacts and higher degradation of the speech signal 

in favor of more noise reduction.

Though the results of these studies are not conclusive, 

it might be presumed that the user’s cognitive function 

has an impact on the effectiveness of the intervention with 

HAs. Kalluri and Humes11 assumed that, when considering 

two older adults with similar hearing loss and similar HAs, 

it might be expected that the one with superior cognitive 

capacity might reveal a better HA outcome. This is in line 

with clinical observations showing that some older HA users 

receive less benefit from HAs than expected from their hear-

ing status alone.

The present study addresses the question of whether 

different general cognitive skills potentially associated 

with speech perception have an impact on the effectiveness 

of amplification with HAs assessed under typical clinical 

conditions. Concretely, objective and subjective measures 

of HA benefit were determined and related to the outcome 

of neuropsychological testing addressing various cognitive 

functions, such as memory, attention, and fluid intelligence, 

as well as to the auditory status (ie, hearing threshold) of 

the individual. Based on the studies described above, it is 

hypothesized that hearing-impaired individuals with poorer 

cognitive skills receive less benefit from HAs than those 

with stronger cognitive skills. Identifying cognitive functions 

associated with HA benefit might help to provide more indi-

vidualized approaches to HA provision in older adults.

Methods
Participants
Thirty persons with sensorineural hearing loss using modern 

hearing instruments from a variety of manufacturers (Audio 

Service, Oticon, Phonak, Resound, Siemens, Starkey, Widex) 

were enrolled in the study. As the major processing scheme, 

the hearing instruments typically provided wide dynamic range 

compression with variable compression time constants. Crite-

ria for inclusion were typical symmetrical mild-to-moderate 

hearing loss, an age of 50 years or older, HA experience of 

6 months or more, bilateral HA use on a regular daily basis, 
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no serious restrictions of general health conditions, and no 

diagnosed dementia. Fourteen participants were female;  

16 were male. The mean age was 71.4±7.3 years. The auditory 

and cognitive status of the participants was assessed using 

pure-tone audiometry and a cognitive screening instrument 

(‘DemTect’).22,23 Mean unaided thresholds of the better ear 

at pure tone frequencies of 0.25, 0.5, 1, 2, 4, and 8 kHz were 

20, 26, 37, 50, 62, and 68 decibels hearing level (dB HL), 

respectively. Mean hearing loss of the better ear calculated 

as the mean across audiometric frequencies from 500 Hz to 

4 kHz (better ear hearing loss [BEHL]), was 43±8.6 dB HL, 

thus covering the range of mild to moderate hearing loss 

(classification according to the American Speech-Language-

Hearing Association [ASHA]). The DemTect revealed that 25 

participants were within the normal range (score 13–18 points) 

and suggested MCI in five participants (score 9–12 points). All 

subjects gave written informed consent for their participation. 

The study protocol was approved by the institutional ethics 

committees (Universities of Cologne and Giessen).

Outcome measures
Speech recognition
Speech recognition with and without HAs was determined 

under quiet conditions and against background noise using 

standard clinical protocols. Speech recognition in quiet 

conditions was administered using an open-set phonemically 

balanced word test (Freiburg Monosyllable Test).24 Twenty 

monosyllabic words were presented via free field loudspeaker 

at 65 dB sound pressure level (SPL) placed approximately 

1.2 m in front of the participant’s head. The percentage of 

correct answers was determined. Speech recognition in a 

noisy environment was administered using the Oldenburg 

Sentence Test (OLSA).25 Twenty matrix sentences (structure: 

name-verb-numeral-adjective-object) were presented against 

a noise background via free field loudspeaker at 65 dB SPL 

placed approximately 1.2 m in front of the participant’s head. 

The signal-to-noise ratio (SNR) was adaptively adjusted in 

order to determine a predefined percentage of correct word 

recognition.26 Since studies have shown that the outcome with 

HAs as well as the association with cognitive abilities might 

differ for various noise types,15,16 two different background 

noise signals were used in this context: a speech-shaped 

steady-state noise (‘olnoise’) composed by superposition 

of all sentences of the OLSA corpus and a speech-shaped 

noise with amplitude fluctuations (‘ICRA5_250’,27 maximum 

pause duration of 250 milliseconds) mimicking the envelope 

of fluent speech. Furthermore, it has been suggested that 

there might be an interaction between cognitive abilities, 

noise type, and level of performance.28 Thus, two different 

performance levels – 50% correct word recognition (L50) 

and 80% correct word recognition (L80) – were deter-

mined. Hence, four different background noise conditions 

(steady-state noise L50, steady-state noise L80, fluctuating 

noise L50, fluctuating noise L80) were administered in the 

present study.

Following the typical clinical procedure, the benefit 

derived from the HAs was defined as the improvement of the 

aided condition compared to the unaided condition. Thus, the 

benefit was calculated as the difference between the outcome 

of the aided and the unaided measurements.

Subjective assessment
For subjective assessment of HA outcome, the International 

Hearing Aid Outcome Inventory29 (IOI-HA) was used. The 

IOI-HA presents seven questions addressing the amount of 

HA use (item 1), benefit (item 2), residual activity limitation 

(item 3), satisfaction (item 4), residual participation restric-

tion (item 5), impact on others (item 6), and change of quality 

of life (item 7). All questions are answered on a five-point 

Likert scale coded 1–5, with higher values reflecting better 

HA outcome. An overall score can be derived by averaging 

the scores of all items from the IOI-HA.

Cognitive measures
A number of neuropsychological tests were used to assess 

general cognitive functions potentially associated with the 

perception of speech and thus possibly relevant for HA 

benefit. These tests addressed crystallized intelligence 

(knowledge) and fluid intelligence (reasoning, executive 

abilities), short-term memory and WM, attention, and cog-

nitive processing speed, thus comprising a wide range of 

cognitive abilities:

–	 The Mehrfachwahl-Wortschatz-Intelligenztest, part B  

(MWT-B)30 assesses crystallized intelligence. The 

MWT-B presents 37 lists of five words, of which four 

are nonsense items. The true word has to be detected. 

Lists with increasing difficulty are presented. The num-

ber of correctly identified words is taken as the outcome 

measure.

–	 The Leistungsprüfungssystem subtest 4 (LPS-4)31 tests 

logical reasoning – an ability tightly linked to fluid intel-

ligence. Items disturbing logical patterns in 40 series of 

numbers and letters have to be identified within a time 

period of 8 minutes. Series are presented with increas-

ing difficulty. The number of correctly noted items is 

counted.
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–	 The Verbaler Lern- und Merkfähigkeitstest (VLMT)32 

was used to test verbal short-term memory. In this test, 

a list of 15 words is presented and the task is to recall 

as many words as possible directly after presentation. 

This procedure is repeated five times, typically yielding 

an increasing number of memorized words. The sum of 

correctly recalled words is taken to indicate short-term 

memory capacity.

–	 The sentence span (SS) test33 assesses WM capacity. It is 

a variant of the reading span test originally designed by 

Daneman and Carpenter in 1980.34 A balanced number 

of meaningful and nonsensical sentences are presented. 

The task of the participant is to judge if the sentence is 

meaningful or not. After judgment, a letter is presented 

for the duration of 1 second. After a series of four to eight 

sentences, the task is to recall the letters in the order of 

their presentation. The outcome measure is the percentage 

of correctly recalled letters.

–	 The Aufmerksamkeits-Belastungs-Test (test d2-R)35 

measures selective attention and the maintenance of 

alertness. In 14 random sequences of printed ‘d’s and 

‘p’s presented with zero to four dashes, participants are 

asked to mark all ‘d’s with two dashes within a span of 

20 seconds per sequence. The numbers of processed items 

minus the number of omissions and false alarms is taken 

as the outcome measure.

–	 The Zahlen-Verbindungs-Test (ZVT)36 assesses cognitive 

processing speed. Graphically scattered consecutive num-

bers have to be connected by lines in an ascending order. 

The completion time is measured as the outcome.

Statistical analysis
To detect the relationship between HA benefit and cognitive 

abilities, stepwise multiple linear regressions were calcu-

lated with the different HA outcome measures as depen-

dent variables and the outcome of the neuropsychological 

tests as independent variables. The age of the participant 

and individual hearing loss were additionally considered 

as possible explanatory variables for HA benefit. Prior to 

regression modeling, assumption testing was conducted to 

check for normality, linearity and additivity, independence 

of errors, and homoscedasticity. The Kolmogorov–Smirnov 

test revealed that data of the benefit measures for speech in a 

quiet environment and speech in steady-state noise as well as 

the overall IOI-HA score were not normally distributed. In 

these cases, log transformations were conducted in order to 

account for the skewness of the data. After transformation, 

no serious violations with regard to assumption testing were 

noted. All statistical analyses were conducted using SPSS 

(v21; IBM Corporation, Armonk, NY, USA). The P-value 

was always set to 0.05.

Results
Assessment of hearing aid outcome
Speech recognition
Table 1 shows the benefit measures (ie, the difference 

between aided and unaided conditions) for speech in a quiet 

environment, speech in steady-state noise, and speech in 

fluctuating noise. All measures showed a benefit significantly 

greater than zero (Wilcoxon signed-rank test, P,0.05), 

except for the speech in steady-state noise at an 80% perfor-

mance level, which showed a tendency toward significance 

(Wilcoxon signed rank test, P=0.068). When looking at the 

conditions with the noise maskers, it appeared that the benefit 

for fluctuating noise was significantly greater than for steady-

state noise for both performance levels (Wilcoxon matched 

pairs, P,0.001), but that the values for the performance 

levels of 50% and 80% did not significantly differ for each 

noise signal (P.0.05).

Subjective outcome
Subjective assessment of HA outcome determined by the 

IOI-HA is shown in Table 2. The score of the 50th percen-

tile corresponded to the following wording of the IOI-HA:  

Table 1 Benefit measures for speech in a quiet environment (improvement in %), speech in steady-state noise (improvement in dB 
SNR), and speech in fluctuating noise (improvement in dB SNR)

Benefit measure Mean Standard  
deviation

Percentiles

10 25 50 75 90

Speech in quiet conditions (%) 26.3 21.6 0.5 10 20 37.5 55
Speech in steady-state noise (dB SNR) L50 0.74 1.36 -0.58 -0.2 0.5 1.0 2.44

L80 0.79 2.02 -1.20 -0.40 0.35 1.90 2.83
Speech in fluctuating noise (dB SNR) L50 2.60 2.22 -0.20 1.53 2.65 3.83 4.55

L80 2.81 2.34 0.14 0.78 2.65 4.20 4.97

Notes: Means, standard deviations, and percentiles are given. L50, 50% speech recognition; L80, 80% speech recognition.
Abbreviation: SNR, signal-to-noise ratio.
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‘HA usage more than 8 hours a day’ (item 1), ‘HAs helped quite a 

lot’ (item 2), ‘moderate difficulty remaining with HAs’ (item 3),  

‘HAs are quite a lot worth the trouble’ (item 4), ‘with HAs, 

hearing difficulties did not at all affect things one can do’ 

(item 5), ‘with HAs, hearing difficulties did not bother other 

people at all’ (item 6), and ‘enjoyment of life is quite a lot 

better with HAs’ (item 7).

Assessment of cognitive functions
Table 3 shows the outcome from the different neuropsy-

chological tests administered in this study. All tests showed 

substantial interindividual variation. On average, about  

31 words were correctly identified with the MWT-B (crys-

tallized intelligence) and 23 items were correctly identified 

with the LPS-4 (fluid intelligence). Average recall was 

47 words with the VLMT (short term memory) and 42% 

with the SS task (WM). On average, the test d2 (selective 

attention) revealed 114 correctly identified items and mean 

completion time for the ZVT (cognitive processing speed) 

was about 106 seconds.

Regression models
Data were subjected to different linear regression models 

with the benefit measures as dependent variables and cogni-

tive function, age, and hearing loss as independent variables. 

Since the outcome for the noise maskers did not differ sig-

nificantly in terms of performance level (L50, L80) and the 

measures for 50% and 80% speech intelligibility showed very 

similar relationships with the independent variables, the two 

performance levels were collapsed to a single measure for 

each noise masker by calculating the mean of both values. 

Thus, with respect to the objective benefit determined by 

speech testing, three different outcome measures (speech 

in a quiet environment, speech in steady-state noise, and 

speech in fluctuating noise) emerged. Two different models 

were calculated; Model I with the outcome of the neuropsy-

chological tests and age as predictor variables and Model II, 

which additionally considered unaided BEHL as a predictor 

variable. The outcome of the models is shown in Figure 1.

Model I revealed that the outcome from the LPS-4 

accounted for 25% of the variance in the benefit for speech 

in a quiet environment. None of the other predictor variables 

significantly contributed to the model. Regarding the benefit 

for speech in steady-state noise, 19% of the variance could 

be explained with the outcome of the LPS-4. For the benefit 

in terms of speech recognition in fluctuating noise, both the 

outcome from the LPS-4 and the SS task significantly con-

tributed to the model and accounted for 26% of the variance 

in total. With the LPS-4 as the explanatory variable, regres-

sion coefficients were -0.525 (quiet), -0.472 (steady-state 

noise), and -0.358 (fluctuating noise). With the SS test, the 

regression coefficient was -0.355 (fluctuating noise). The 

age of the participant did not significantly contribute to any 

of the models.

Model II revealed that BEHL was the only significant 

contributor to all outcome measures of benefit for the speech 

tests and accounted for 29%–54% of the variance in the data. 

Regression coefficients were 0.740 (quiet), 0746 (steady-

state noise), and 0.565 (fluctuating noise). The significant 

contribution of the outcome from the LPS-4 with Model I 

disappeared when a measure for hearing loss was considered 

as an explanatory variable. This could be due to the fact that 

the number of participants was marginal with respect to addi-

tional small effects, or that explanatory variables are inter-

related. Since age, cognitive function, and hearing loss might 

be connected with each another, a bivariate correlation of the 

most strongly contributing independent variables of Models I  

and II (ie, LPS-4 and BEHL) was calculated. A correlation 

coefficient of r=-0.57 (P=0.001) emerged. Thus, greater 

Table 2 Outcome of the IOI-HA with respect to the items: HA 
use (item 1), benefit (item 2), residual activity limitations (item 3), 
satisfaction (item 4), residual participation restrictions (item 5), 
impact on others (item 6), and change of quality of life (item 7) as 
well as an overall measure

IOI-HA
item no

Mean Standard  
deviation

Percentiles

10 25 50 75 90

1 4.3 1.0 3 4 5 5 5
2 3.7 0.9 3 3 4 4 5
3 3.3 0.7 2 3 3 4 4
4 4.1 0.9 2 4 4 5 5
5 4.0 1.0 3 4 5 5 5
6 4.4 0.8 3 4 5 5 5
7 3.8 0.8 3 3 4 4 5
Overall 3.9 0.6 2.9 3.7 4.1 4.4 4.6

Notes: Means, standard deviations, and percentiles are given.
Abbreviation: IOI-HA, International Hearing Aid Outcome Inventory.

Table 3 Outcome of the different neuropsychological tests

Cognitive
test

Mean Standard  
deviation

Percentiles

10 25 50 75 90

MWT-B 30.9 3.5 26 28 30 34 35
LPS-4 22.6 4.3 16 20.5 23 25.5 27
VLMT 46.9 11.1 31 39.5 47 55.5 63
SS (%) 42 29 8.8 16.1 39 70 78.6
d2 113.8 28.8 87 92 113 127.5 168
ZVT (s) 106.1 23.0 81.5 90.8 101 117.2 143

Notes: Mean, standard deviation, and percentiles are given.
Abbreviations: d2, Aufmerksamkeits-Belastungs-Test; LPS-4, Leistungsprüfungs
system subtest 4; MWT-B, Mehrfachwahl-Wortschatz-Intelligenztest, part B; 
SS, sentence span; VLMT, Verbaler Lern- und Merkfähigkeitstest; ZVT, Zahlen-
Verbindungs-Test.
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Figure 1 Explained variance of objective HA benefit based on the significantly contributing independent variables.
Note: Asterisks depict level of significance (**P,0.01; *P,0.05).
Abbreviations: BEHL, better ear hearing loss; HA, hearing aid; LPS-4, Leistungsprüfungssystem subtest 4; SS, sentence span.

average hearing loss was associated with lower values in the 

LPS-4. As both the amount of hearing loss and the decline 

in cognitive functions are related to age, a partial correla-

tion between the two variables was additionally calculated, 

controlling for the age of the participant. A partial correlation 

coefficient of r=-0.55 (P=0.002) emerged, indicating that the 

association of hearing loss and outcome from the LPS-4 was 

fairly independent of the age of the individual.

Calculating similar models as described above for the over-

all outcome of the IOI-HA (mean across all items) did not yield 

a significant contribution from any of the predictor variables. 

Thus, subjective HA outcome could not be explained based 

on any of the measures considered in the present study.

Discussion
This study assessed the objective and subjective HA benefit 

(ie, the improvement related to the unaided condition) in older 

hearing-impaired persons and examined their possible rela-

tionship with various individual cognitive abilities. It extends 

the findings of other investigations that typically determine 

aided or unaided performance (but not necessarily benefit) 

and relate them to cognitive capacity (predominantly WM). 

Moreover, the present study has an explicit clinical focus, 

applying clinical outcome protocols and including a variety of 

modern HAs instead of addressing the effects of manipulating 

a specific signal-processing feature in a single HA type.

The results revealed that the participants obtained a sig-

nificant benefit from their HAs, as assessed by most of the 

objective measures. Speech in quiet conditions was improved 

by about 20%–25%. In fluctuating noise, speech reception 

thresholds were on average about 2.5 dB better in the aided 

than in the unaided condition. Obviously, HAs improved the 

audibility of the speech signal and helped to extract speech 

information in the short pauses of the fluctuating masker. This 

is typically referred to as ‘glimpsing’ or ‘dip listening’.37 In 

contrast, the HA benefit for the condition with steady-state 

noise was significantly smaller. This is due to the fact that dip 

listening is not possible and audibility of the speech signal can 

only be improved when the speech signal exceeds the noise 

(ie, positive SNR). Since some of the participants revealed 

negative SNRs for both performance levels in the unaided 

condition, amplification could not always be effective.

The subjective benefit experienced in everyday life was 

assessed using the widely used IOI-HA. Comparing the 

results of the present study with data from the literature38–41 

revealed fairly similar outcomes for all dimensions and 
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confirmed the success of HA provision on a subjective level. 

Thus, the subjective benefit estimation of our participants 

might be regarded as typical for the population of HA users 

with mild-to-moderate hearing loss.

In order to identify possible relationships between the 

cognitive abilities of the users and the benefit of HAs, dif-

ferent models were calculated, including the outcome of the 

neuropsychological tests as well as age and hearing loss as 

independent variables. Model I considered age and the out-

come of the neuropsychological tests as potential explanatory 

variables for the objective benefit measures. The outcome of 

the LPS-4 that addresses fluid intelligence significantly con-

tributed to the predictions of the benefit for speech intelligi-

bility in all of the three conditions. Furthermore, the outcome 

of the SS test made a marginal but statistically significant 

contribution to the model of HA benefit for speech against 

the fluctuation masker. Regression coefficients were nega-

tive in all cases; that is, contrary to the hypothesis, a greater 

benefit was associated with a worse outcome from the two 

neuropsychological tests. However, despite the statistical 

significance of the results, the amount of variance explained 

for the benefit measures was rather small.

When hearing loss was considered as an additional 

explanatory variable, the models for benefit changed. With 

BEHL, a substantial amount of variance of up to 54% could 

be explained and the contribution of the cognitive measures 

became nonsignificant when the measure for hearing loss was 

considered with the model. Regression coefficients were posi-

tive; hence, a greater benefit was associated with greater hear-

ing loss. When hearing loss was related to the outcome of the 

LPS-4 that contributed most strongly to Model I, a significant 

negative correlation was found. This correlation held when age 

was considered as a confounding variable. Thus, participants 

with greater hearing impairment revealed a smaller cognitive 

capacity (as measured with the LPS-4) regardless of their age, 

and the statistically significant but moderate contribution of 

cognitive measures to Model I can at least to some extent be 

explained by its association with hearing loss. Interestingly, 

this explanation does not apply for the significant negative 

regression of the SS test outcome with HA benefit in fluctuating 

noise. The observation that lower WM capacity was associated 

with greater benefit might indicate release from cognitive load 

with amplification, but deserves closer examination.

In light of these findings, it can be argued that cognitive 

capacity – addressed with basic neuropsychological measure-

ments associated with speech perception – does not seem 

to have a clinically relevant impact on HA benefit when a 

typical elderly population with various types of modern HAs 

as well as typical benefit measures are taken into account. In 

contrast, hearing loss is a significant predictor of objective 

HA benefit, and is in turn correlated with cognitive capacity. 

This is in line with emerging evidence that there might be a 

causal relationship between sensory deprivation (as captured 

here with a simple auditory threshold measure) and cognitive 

decline. For instance, Lin et al42 found that rates of cogni-

tive decline and the risk for incident cognitive impairment  

were linearly related to the severity of an individual’s base-

line hearing loss. These findings were confirmed in another 

large-scale study43 and allowed the authors to suggest that 

hearing impairment may be a marker for cognitive dysfunc-

tion in older adults. It was also estimated that a reduction in 

cognitive performance associated with a 25 dB hearing loss 

was equivalent to a reduction associated with a 7-year age 

difference.44 Humes et al45 found evidence that age-related 

changes in cognitive performance may be mediated by age-

related changes in sensory processing. This would speak 

well for a possible causal relationship between auditory 

deprivation and cognitive decline.

Our findings seem to stand in contrast to several studies 

that show a relationship between cognitive performance and 

listening performance with, or a relative benefit from, differ-

ent signal-processing strategies in HAs.15–19 As pointed out 

in the introduction, these observations have not been made 

uniformly. However, many studies give clues that there is 

a trade-off between the benefit from and artifacts with HA 

signal processing, and that this trade-off is associated with 

the cognitive abilities of the user. Importantly, these studies 

either applied acute experiments or the acclimatization time 

for the participants was rather short, with a maximum of  

10 weeks listening experience in the specific HA setting. In 

our study, the HA wearers had more experience with their 

devices. Thus, listening experience with hearing technol-

ogy might mediate the interplay of cognitive abilities and 

HA outcome. This argument was already made by Rudner 

et al46 who examined the ‘mismatch effect’ predicted by 

the Ease of Language Understanding (ELU) model47 and 

speculated that cognitive capacity played a role in speech 

recognition with different compression settings before a 

9-week experience period – but not after that. This might be 

confirmed with the results of the present study. Moreover, 

our results are in agreement with Kalluri and Humes,11 

who distinguish between short- and long-term interactions 

of hearing technology and cognition in older adults. They 

reported that, while many studies show such interactions 

with HA experience of typically less than about 2 months 

(‘short-term’), examinations considering long-term HA usage 
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are still lacking. The present study may contribute to help 

filling this gap.

Besides the objective HA benefit with regard to speech 

understanding in quiet and noisy conditions, the subjective 

benefit was assessed using the IOI-HA inventory. Ng et al48 

examined relationships between self-reported HA outcome and 

different cognitive measures closely related to verbal informa-

tion processing. The outcome of their cognitive tests address-

ing the quality of phonological representations and the speed 

of lexical access were moderately but significantly related to 

some of the IOI-HA domains in such a way that individuals 

with better cognitive skills reported more frequent daily HA 

use and better success with HAs. In contrast, no associa-

tions between cognitive skills and the overall outcome of the 

IOI-HA were found in the present study. Hence, our approach 

of determining more global cognitive skills might have been 

less specific than in the Ng et al study. Moreover, considering 

hearing loss as an explanatory variable also did not show any 

significant association with subjective HA benefit in the pres-

ent study. Thus, determining variables explaining HA outcome 

in real life might be an important future research issue.

Taken together, we did not find evidence for a negative 

relationship between cognitive abilities and subjective or objec-

tive HA benefit in a typical sample of older hearing-impaired 

persons. As stated above, five of the participants had suspected 

MCI. This figure is not unusual given the prevalence of MCI in 

older adults.14 When looking at their outcomes in the neurop-

sychological tests, they typically performed worse than those 

participants who showed unobtrusive results with the DemTect. 

However, we did not find any evidence that they received less 

objective or subjective benefit from their HAs than their peers 

with age-appropriate cognitive abilities. Thus, we conclude that 

cognitive capacity (in the range as assessed in the present study) 

is not in general a limiting factor in terms of the effectiveness 

of HA provision. In contrast, given the possible causal rela-

tionship of hearing deprivation and cognitive decline and the 

many positive effects of amplification,49,50 it seems appropriate 

to strongly advise HA use to counter age-related hearing loss. 

Similar conclusions were drawn for cochlear implantation, 

when older persons with severe-to-profound hearing loss were 

taken into account.51,52 Nevertheless, cognitive abilities might 

be important during the initial process of HA provision with 

regard to acclimatization effects and the individualization of 

HA and signal processing choice.
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