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Abstract

The interdependent relationship of hearing and cognitive function has resulted in an accelerated growth of research across multiple fields.1 
However, it is uncertain how modern clinical practice in audiology should evolve. This study is a systematic review of the cognitive hearing science 
literature with the purpose of identifying clinical application for audiologists. The resulted in a total of 118 articles, with 64 of those having direct 
clinical application. Results indicate audiologists should consider measures of cognitive health when diagnosing and treating their older patients 
with hearing loss. Further, cognitive screening tools should include measures of working memory capacity (WMC), attention, and processing 
speed. These tools should be sensitive to small changes in cognitive function and distinguish mild cognitive impairment from normal function. 
Specific recommendations for adaptable evidence-based treatment of hearing loss based on cognitive functioning are lacking. However, there were 
a few suggestions in the literature, including using speech-in-noise testing as part of the diagnostic test-battery, optimizing the signal-to-noise ratio 
(SNR) through stronger DNR settings and FM technology. Additionally, slower compression release times for those with poorer cognition as well 
as more automatic hearing aid functioning was recommended. While current literature provides preliminary, general guidelines for application 
to clinical practice, more research is needed that directly applies to assessment and intervention services for hearing loss in context of cognitive 
function.
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Introduction

There’s a longstanding appreciation of the role of cognition 
in communication, however, the field of cognitive hearing science 
has only formally emerged during the past two decades. Cognitive 
hearing science can be defined by Arlinger, et al. (2009) [1] as 
the “interactions between human hearing and cognition” (p.371) 
considering the role of both bottom-up (ear) and top-down 
(brain) processing in speech perception and communication. 
Research under the theoretical constraints of cognitive hearing 
science has shaped our understanding of human communication 
as evidence continues to emerge supporting the importance of 
the interplay between cognition and hearing. Recently, there have 
been several systematic reviews of the literature outlining this 
evidence in addition to new findings [2-4]. This evidence includes: 
the correlation between cognitive decline and hearing loss [5], 
hearing loss as a risk factor for dementia [6], neural plasticity and 
degeneration that occurs with hearing loss [7], reduced cognitive 
decline with hearing aid use [8], and better hearing aid outcomes 
for those with better working-memory capacity, verbal processing 
speed, etc. [9] The implications of cognitive hearing science on 
clinical audiology are significant, yet clinical practice protocols 
remain largely unchanged.

Cognitive hearing science research can be found as early as 
the 1950s, with the work of Broadbent [10, 11] and others [12, 
13] explaining the ability to communicate in complex listening 
environments with use of a selective model of attention. However, 
much work in the second half of the 20th century considered 
hearing in isolation and focused primarily on sound processing in 
the cochlea. Many early models of the auditory system emphasized 
bottom-up processing for simplistic stimuli such as pure tones. 
Also, much of the cognitive science literature considered visual 
stimuli as it was easier to manipulate and could be examined in 
animals unlike language and music [1, 14].

Research investigating both cognition and hearing in the early 
2000s grew sharply in several areas such as research examining 
speech perception in more realistic complex listening environments 
and studies considering age related differences in auditory 
perception [15]. Research including that by Humes and colleagues 
[16] has highlighted significant individual differences in successful 
communication despite similarities in auditory sensitivity or 
hearing loss and that cognitive capacity such as working memory 
may be a contributing factor [17]. There is also some emerging 
evidence that auditory rehabilitation and hearing aids my help 
counteract cognitive decline with aging [8].

However, despite the emergence of cognitive hearing science 
and the potential implications, there has been limited advancement 
in clinical application to audiology. Even if clinicians have a growing 
awareness of the significance of the interrelationship between 
cognition and hearing, it is not clear how clinical practice should 
evolve as the understanding of the relationship between cognition 
and hearing continues to grow. Specifically, clinical awareness of 

implications of hearing loss as an early warning sign or risk factor 
for dementia and cognitive decline, and that untreated hearing loss 
may be associated with more rapid cognitive decline with age, are 
known, but changes in clinical protocol remain sparse. Certainly, 
there have been calls for clinicians to account for the influence 
of cognition on communication, minimally supporting the use of 
cognitive screening tools as part of assessing hearing loss [18]. 
However, rigorous guidelines with specific recommendations 
for clinical protocol are underdeveloped. There are certain to 
be clinical opportunities and advancement in interdisciplinary 
practice to address cognition in during the diagnosis and treatment 
of hearing loss.

There is strong evidence linking hearing loss with cognition 
function, as well as an association between hearing loss and cognitive 
decline. How does knowledge of these relationships inform clinical 
practice in audiology? How should clinical practice be modified in 
regards to audiological diagnosis and treatment of older adults? 
The purpose of this paper is to review the cognitive hearing science 
literature for general and specific audiological recommendations 
for our older adult patients who may have both hearing loss and 
cognitive deficits or may be at risk for cognitive decline. We will 
examine findings in the cognitive hearing science literature with 
a scoping review following PRISMA guidelines [19]. This search 
will focus on research that has clinical recommendations or direct 
clinical application. 

Methods

This review was developed using guidelines by Peters, et al. 
(2015) [20], the Comprehensive Pearl Growing Method search 
strategy outlined by Schlosser, et al. (2006) [21], and the Preferred 
Reporting Items for Systematic reviews and Meta-Analyses 
(PRISMA) checklist for data collection, documentation of inclusion 
and exclusion criteria, as well as information bias risks [19]. The 
objectives of the review include:

(1) What is the current state of Cognitive Hearing Science? 

(2) How can Cognitive Hearing Science be applied to evidence-
based practice in audiology?

Data Collection Process 

In accordance with guidelines set forth by Peters, et al. (2015) 
[20] and Schlosser, et al. (2006) [21], the following steps to complete 
the Scoping review were followed:

(1) Researchers compiled studies from any relevant reviews. 
There were not any reviews on the Cognitive Hearing Science 
area of specialty available. 

(2) Researchers then identified Pubmed, ComDisDome, and 
CINHL Complete as databases most relevant to the Cognitive 
Hearing Science Literature. 

(3) Key terms and quality filters were determined according 
to this literature. The following key terms were identified:
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Table 1: Key terms for the literature search.

Cognition + Hearing

Cognition+ Hearing+ Aging

Cognition+ Hearing+ Assessment

Cognition+ Hearing+ Intervention

Cognition+ Hearing+ Aging+ Assessment

Cognitive+ Hearing+ Aging+ Intervention

Cognitive+ Assessment+ Audiology

Cognitive+ Intervention+ Audiology

Cognitive Hearing Science

Cognition+ Hearing+ Aging+ Audiology

Cognitive Hearing Science+ Aging

Cognitive Hearing Science+ Assessment

Cognitive Hearing Science+ Aging+ Audiology

Cognitive Hearing Science+ Intervention+ Aging

Cognitive Hearing Science+ Intervention+ Aging+ Audiology

Cognitive Hearing Science+ Assessment+ Aging

Cognitive Hearing Science+ Assessment+ Aging+ Listening effort

Cognitive Hearing Science+ Assessment+ Aging+ cognitive effort

(4) Researchers searched all key terms across each of the 
three identified databases. Key terms were used to narrow 
the search results to 50 articles or less. Search results were 
then reviewed for relevance to the topic of Cognitive Hearing 
Science. Eleven key articles were identified. 

(5) For each of the eleven articles, secondary hand-searching 
reference lists from identified articles and citation tracking 
of articles was completed. For each of the citations from the 
eleven articles, abstracts were compiled. 

(6) For all articles identified as relevant, the abstracts for 
those articles were pulled. 

(7) Abstracts were checked for relevance by two independent 
investigators 

(8) The independent investigators then reviewed their 
findings, discussed discrepancies between the abstract review, 
and identified articles to be included in the Scoping Review. 

(9) Once the Articles to be included in the scoping review 
were identified, each article was reviewed and documented 
using the Preferred Reporting Items for Systematic reviews and 
Meta-Analysis (PRISMA) checklist for data collection.

Measures

Extraction fields included: author, year of publication, aims/
purpose, study population and sample size, methodology, 
assessment type/ intervention type /concept, outcome measures, 
results, discussion, key findings, funding [19, 20].

Analysis 

The extracted results will be discussed in two main conceptual 

categories of speech-in-noise perception and clinical implications 
and recommendations. The speech-in-noise perception category 
will include speech perception in noise, listening effort and related 
cognitive variables. The clinical implications and recommendations 
category will include studies that are relevant to diagnosis 
and treatment of older adults with hearing loss. In diagnosis, 
subjective assessments of hearing, overall health and well-being, 
and cognitive assessments are considered. Treatment includes any 
studies considering cognition in regards to hearing aid fittings, 
aural rehabilitation, cochlear implant fittings, outcome measures 
and auditory training.

Results

The final list of studies included 118 articles. There were 54 
studies associated with auditory speech-in-noise perception, 
including measures of listening effort and relevant cognitive 
variables and 64 articles with specific clinical implications or 
recommendations regarding cognition and hearing. Clinical articles 
could be categorized as diagnosis of hearing and cognition, general 
health, quality of life and intrinsic capacity, treatment (e.g., cochlear 
implants and hearing aids) and auditory training.

Grouping Number 1: Speech in Noise Perception 

This section included 54 papers regarding SIN performance, 
listening effort, as well as what cognitive factors are important in 
determining individual differences in speech-perception. Several 
of these 53 papers and one book chapter addressed the impacts of 
hearing loss on SIN performance and listening effort explicitly. Many 
of the listening effort studies also examined which cognitive factors 
are important in explaining individual differences in listening effort 
(Table 2).
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Grouping Number 2: Clinical Implications and 
Recommendations

Although the scoping review resulted in 64 studies that had 
suggestions for clinical consideration in diagnosing and treating 
older adults with hearing loss, they did not necessarily have specific 
data to back up these suggestions or the evidence available was not 
of high quality. Researchers examined:

1) outcomes for people treated with hearing loss, including 
cognition and mental health,

2) individual differences in cognition in relation to 
performance and preferences with hearing aids,

3) testing for cognitive function and hearing loss in older 
adults, and

4) general patient care regarding hearing and cognition in 
older adults.

Discussion

Grouping Number 1: Speech in Noise Perception

Older adults often have more difficulties understanding 
speech in adverse listening conditions. This can be attributed to 
either decreased hearing sensitivity, deficits in cognitive function 
or both. Speech-perception-in noise can be quantified in terms of 
performance (percent-correct), SNR necessary to achieve a set level 
of performance (e.g., SNR for 50 percent-correct) or listening effort 
(dual-task, perceived effort, ERP, delayed recall, etc.). A number of 
studies have attempted to compensate for hearing loss by equating 
performance by adjusting SNR [22-24], through aided testing [25], 
or by spectrally shaping stimuli [15, 26]. This section had three 
categories of article methodology: SIN performance, SIN listening 
effort and SIN related cognitive variables. The studies explicitly 
examining cognitive variables were either cognition in context of 
SIN performance or listening effort. Subsequently, these three SIN 
subcategories of SIN articles will be discussed separately.

Speech-in-Noise (SIN) Performance 

When correcting for hearing loss for SIN testing through 
adjustments to the SNR, aided testing, spectral shaping of stimuli to 
compensate for high-frequency hearing loss or through modeling 
[27], there remained significant differences between participants 
(young normal hearing versus older and hearing impaired) for SIN 
performance. Hearing loss was eliminated as a significant factor 
in a few studies [26, 28], while for some hearing loss remained 
significant [29]. Schneider, et al. (2000) [28] and Murphy, Daneman 
& Schneider (2006) [22] for the non-spatial separation condition 
were exceptions, with no significant differences between groups. 
Keep in mind the SIN test materials and the age and degree of hearing 
loss for the older participants in these studies varied considerably. 
Another study [30] analyzed QSIN psychometric functions in 139 
young and older adults. The authors used modeling to characterize 
results and proposed two variables alpha (steep part of function) 
and lambda (shallow top of function), where alpha can explain the 
shape of psychometric functions in terms of “audibility and low-
level central auditory processing” while lambda was associated 

with cognitive factors. Despite the lack of consensus across studies, 
hearing loss and age are certainly important factors in determining 
SIN performance.

Speech-in-Noise (SIN) Cognitive Variables

Several sources indicated that cognition is an important 
contributing factor determining SIN performance in older adults. 
Two systematic reviews of the literature [17, 31] found that 
working memory (WM) was significant (r=.28 for pooled data 
across studies) and IQ was not significant or less significant (r=.18 
for pooled data across studies [31]. Also found inhibitory control 
(IC), processing speed and episodic memory were significant 
cognitive factors.31 Correlations for these four cognitive variables 
and SIN performance were around 0.3 [31].

Kim, et al. (2020) [27] utilized a listening span (LSPAN) test 
(a measure of WMC) that successfully predicted SIN performance 
in older adults. Humes (2005) [32] only found a small portion of 
variance for Auditory Processing Disorder (APD) test results (that 
included a dichotic listening task) associated with cognition (14% 
of total variance explained by IQ, age, and the auditory brainstem 
response). A total of 40% of variance in APD performance was 
explained by hearing loss; however, they did not include other 
cognitive measures such as working memory and processing speed. 
Nearly half (46%) of total variance was unexplained. Humes, Kidd 
& Lentz (2013) [15] could explain 60% of total SIN performance 
variance when including one global cognitive factor and 5 
psychoacoustic hearing factors along with age, Environmental 
Sound Identification and Text Reception Thresholds. Schneider, 
Daneman & Pichora-Fuller (2002) [33] and Pichora-Fuller (2003) 
[23] attributed variation in speech intelligibility for older adults 
to cognitive processes such as memory, attention as well as slower 
cognitive processing. Another study examined QSIN performance 
in adults 60 years and older over an eight-year period [34]. Those 
with lower QSIN scores had similar cognitive function to those 
with better SIN performance but showed more rapid cognitive 
decline over the eight-year period. Chen, et al. (2022) [35] 
indicated significant cognitive function variance (general, WM, 
Executive Function (EF) and verbal learning) in older adults with 
hearing loss (with or without hearing aids) could be explained by 
SIN performance, while pure tones thresholds were not relevant 
to cognitive function. Lee and Lee (2023) [36] suggested using 
reaction time (RT) for SIN testing as a potential screener for MCI in 
older adults, with significant correlations between MMSE and SIN 
RT. Another study suggests auditory streaming task performance 
and reaction times are sensitive to both cognitive and auditory 
abilities [37]. Three articles [38-40] indicated WMC and IC 
(Inhibitory Control) may be causative factors for SIN performance 
and may be considered clinically. Lentz, Humes and Kidd (2022) 
[41] indicate that performance for psychoacoustic tasks, hearing 
(50% of tasks) and cognition (75% of tasks) are important factors. 
As listening task performance was impacted by either WM and/or 
hearing the authors stress both cognition and hearing as important 
determinants of higher-level auditory processing. In many studies 
WMC was found to be the significant cognitive factor. However, keep 
in mind that WMC was often the only cognitive factor measured. 
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Other measures such as IC and processing speed were found to be 
important when included.

 Another systematic review [42] indicated that for younger 
normal hearing adults, better working memory is not associated 
with better SIN performance. This lack of association between 
WMC and SIN performance in young adults with normal hearing 
and cognition may indicate that for even for individuals on the 
lower end of normal, WMC is still sufficient for most SIN tasks. 
Kocabay, et al. (2023) [43] found for younger adults (18-59) 72% of 
SIN performance variance was determined by hearing loss and age, 
while only 76.2% when considering specific cognitive and auditory 

factors. Fullgrabe & Rosen (2016) [42] suggest that older adults with 
hearing loss may require greater WMC to decipher phonological 
mismatches between the incoming message (which may be of 
low quality and/or distorted) and representations in LTM (see 
Ease of Language Understanding (ELU) model [14, 44, 45]). Such 
deficits in phonological representations (and processing) are seen 
for adults with severe hearing loss [46]. Listening for those with 
severe hearing loss may require more top-down processing and 
frontal lobe compensation that may be taxing on working memory 
[47]. Studies that were not necessarily interested in eliminating or 
reducing hearing loss as a factor often indicated both hearing and 
cognition are important SIN performance factors [15, 48].

Table 2: Summary of speech-in-noise research.

Study Description Findings

Akeroyd (2008) [17] Cognition and SIN Working memory (RSPAN) was an important factor and more hearing 
aid benefit seen for those with better cognition

Anderson & Lyxell (1998) 
[46]

Phonological deterioration and severe 
hearing loss 

Severe hearing loss leads to poor phonological representation and 
processing, but does not seem to effect verbal WM

Amos & Humes. (2007) [26] High frequency hearing loss and SIN 

Performance for unshaped speech was correlated moderately and 
negatively with degree of high-frequency hearing loss. Performance for 
shaped speech was not related to unshaped speech performance or the 

amount of high-frequency hearing loss.

Bertoli & Bodmer (2014, 
2016) [49, 50]

Psychophysiological (ERP) measure of 
listening effort 

LPP amplitude appeared to be the most sensitive component for captur-
ing listening effort reflecting the arousal level of the listener; Novelty P3 
and LPP indicated sustained and more effortful listening in older adults

Chen et al. (2022) [35] SIN performance and cognitive variables

Significant cognitive function variance (general, WM, EF and verbal 
learning) in older adults with hearing loss (with or without hearing 

aids) could be explained by SIN performance; pure tones thresholds not 
relevant

Desjardins & Doherty (2013) 
[51]

Examined listening effort in context of hear-
ing loss and cognition WMC and processing speed were significantly related to SIN LE.

Dryden, et al. (2017) [31] Cognition and SIN  systematic review 
Cognition and SIN perception had approximately a 0.3 correlation. 

Processing speed, IC , WM, episodic memory and IQ were significant 
factors, unaided hearing loss was not a significant factor

Fullgrabe & Rosen (2016) 
[42] WM and SIN systematic review WM not an important factor for SIN performance in young NH adults

Gordon Salant & Fitzgibbons 
(1993) [52] Temporal factors and speech perception Age, hearing loss and gap detection thresholds were significant factors 

for perception of temporally degraded speech

Heinrich, Henshaw & Fergu-
son (2015) [48]

SIN, hearing loss, cognition and perceived 
effort 

Hearing sensitivity and cognition related to intelligibility: neither was 
important for phoneme discrimination; hearing sensitivity was import-
ant for digit triplet perception, and hearing and cognition were related 
to sentence perception. Self-reported aspects of auditory functioning 

correlated with speech intelligibility

Humes & Young (2016) [53] Reviewed literature for sensory-cognition 
interactions in older adults

Sensory deficits associated with cognitive deficits; especially if detailed 
measures (not just thresholds and multiple domains) of vision and 

hearing are considered

Humes, Kidd, & Lentz (2013) 
[15] SIN, aging, hearing loss and cognition

PCA yielded one global cognitive-processing factor and five non-speech 
psychoacoustic factors to predict speech understanding along with age, 

ESI and TRT explained 60% of variance

Humes (2005) [32] Auditory processing tests in elderly 

Performance on the battery of auditory processing measures by elderly 
hearing-impaired listeners was systematically related to individual dif-
ferences in cognitive function rather than auditory function, especially 

for stimuli not affected by peripheral hearing loss

Jerger, et al. (2000) [54] 
Davis, Stanley and Foran 

(2015) [55] 

Age, ERP, and dichotic listening; N400 and 
Directed and divided attention for semantic 

judgement  

Latency was significantly greater in the target-left than in the tar-
get-right condition for elderly subject matching left ear deficits seen for 
dichotic listening; N400 was more negative and greater latency for tar-

get-left for older listeners in a divided attention semantic judgment task

Jiang, et al. (2022) [34] SIN performance and cognitive decline Those with poorer SIN performance had greater cognitive decline over 
eight years
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Kim, et al. (2020) [27] Auditory WM, age and SIN 
Auditory working memory, as measured by listening span, significantly 
predicted speech recognition performance in adverse listening condi-

tions for older listeners

Kocabay, et al., (2023) [43] Explaining SIN performance in young to 
middle aged HI adults

Age and hearing loss primary factors, other audiologic and cognitive 
factors less significant

Larsby, et al. (2005) [56] Visual, auditory and audiovisual SIN, per-
ceived effort, hearing loss and age

Speech modulated noise and a single-talker masker elicited greater per-
ceived effort and reduced performance especially for older subjects and 
those with hearing loss. Elderly subjects were more distracted by noise 

with both temporal variations, and meaningful content (single talker 
masker). In noise, all subjects, particularly those with impaired hearing, 

were more dependent upon visual cues than in quiet.

Lee & Lee (2023) [36] MMSE and SIN reaction time Significant correlation between SIN RT and cognition; MCI indicator?;-
suggest adding to clinical testing

Lemke & Besser (2016) [46] Cognitive load, LE and hearing loss Availability of mental resources, neurocognitive organization and the 
ability to use them efficiently, changes over the adulthood.

Lentz, Humes & Kidd (2022) 
[41]

Auditory perception for 8 listening tasks in 
older adults when controlling for hearing 

and cognition

Hearing loss associated with poorer performance on half of listening 
tasks, while deficits in WM associated with poorer performance in 75% 

Li, Krampe & Bondar (2005) 
[57] Aging and dual-task Model of aging and dual-task performance; included concepts from 

loss-plus-compensation models of aging.

McGarrigle, et al. (2014) [58] Review of measures for quantifying LE Defines listening effort and what objective (electrophysiological and 
behavioral) and subjective measures are available.

Mohammed, et al. (2022) 
[59]

Dichotic Speech Index (DSI) and risk for 
dementia

Hazard ratios for dementia increased in those with poorer dichotic 
listening performance

Murphy, et al. (2000) [60] Age, background noise on STM 
Encoding in secondary memory is impaired by aging and noise, either 
as a function of degraded sensory representations, or as a function of 

reduced processing resources.

Murphy, Daneman & Schnei-
der(2006) [22] Older adults and SIN 

Compensating for hearing difficulties did not eliminate age-related 
differences when the two talkers were spatially separated, but it did 

when not.

Nuesse, et al. (2018) [29] Cognition and SIN 
Those with better attentional skills have more difficulties for spatially 
separated signals. Hearing loss despite controlling for was the primary 

factor.

Phillips (2016) [61] Cognitive aging and LE 
Selection, optimization, compensation conceptual model as a potential 
theoretical construct for listening effort, LE measures could be used as 

an early indicator of cognitive decline.

Pichora Fuller, et al. (2016) 
[62] FUEL model Provides theoretical construct for listening effort research in context of 

existing literature and future directions

Pichora Fuller (2003) [23] SIN, processing speed and timing in aging 
adults 

Cognitive slowing may as explain why older adults with hearing loss 
have difficulties hearing in noise even when adjusting SNR for purposes 

of equating recognition performance. 

Pichora Fuller, Schneider & 
Daneman (1995) [24] SIN, recall and aging 

Reallocation of resources in adverse listening conditions to bottom-up 
processing may limit resource availability for top-down processing; 

older listeners did poorer in recall even when equating performance by 
adjusting SNR.

Richter M (2016) [63] Importance of success in LE PEP cardiac response greater for high demand and high motivation 
conditions for a simple tone in noise task.

Ronnberg, et al. (2021) [14] 
Ronnberg, et al. (2019) [45] 
Ronnberg, et al. (2013) [44]

Theoretical  speech perception model con-
siders both hearing and cognition

ELU model can explain challenges hearing in noise in context of deficits 
in hearing and cognition; considers WM, LTM and phonological mis-

match

Ronnberg, et al. (2014) [64] 
Taljaard, et al. (2016) [65] Hearing loss and cognitive factors Hearing loss associated with deficits in episodic LTM

Ross, Dobri & Schumann 
(2021) [30]

Examined QSIN psychometric functions and 
modeled

Variables alpha and lambda; alpha explains the shape of psychometric 
functions in terms of “audibility and low-level central auditory process-

ing” while lambda with cognitive factors

Rudner (2016) [66] LE measure Cognitive spare capacity concept relating to LE

Rudner, et al. (2012) [25] WM, aided SIN and perceived effort 

There was a strong and significant relation between rated effort and 
SNR that was independent of individual WMC, whereas the relation be-
tween rated effort and noise type seemed to be influenced by individual 

WMC
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Schneider, et al. (2000) [28] SIN and aging 
Speech-comprehension difficulties of older adults primarily reflect de-

clines in hearing rather than in cognitive ability. Adjusted SNR to equate 
performance.

Schneider, Daneman & Mur-
phy (2005) [67] Speech perception and aging 

Older adults have more difficulties with speech understanding, regard-
less of if they have hearing loss. These difficulties may be attributed to 

cognitive processes such as memory attention cognitive slowing as well 
as low level sensory related processing.

Schneider & Pichora Fuller 
(2000) [68]

Perceptual deterioration and cognitive aging 
research 

Four hypotheses explaining a mutual decline in hearing and cognition: 
1) perceptual decline causes cognitive decline, 2) both reflect either 
widespread degeneration in the CNS or changes in specific functions 

or circuitry that have systemwide consequences, 3) cognitive declines 
could contribute to age-related differences in sensory measures, and 4) 
inaudible or distorted perceptual information is delivered to the cogni-

tive systems, thereby compromising cognitive performance.

Shende & Mudar (2023) [39] 
Stenback, et al. (2022) [38]; 

Perron, et al. (2022) [40]
Cognitive measures and SIN performance WM and IC correlated with SIN performance; suggest measuring clini-

cally

Souza, et al. (2015) [69] Working memory and intelligibility of hear-
ing-aid processed speech

Working memory-intelligibility effects may be related to aggregate 
signal fidelity, rather than to the specific signal manipulation. They also 
suggest that for individuals with low working memory capacity, sensori-
neural loss may be most appropriately addressed with WDRC and/or FC 

parameters that maintain the fidelity of the signal envelope.

Tremblay & Backer (2016) 
[70]

Listening and learning, cognition and hear-
ing loss 

Hearing aids and listening training may reduce cognitive burdens nec-
essary for successful communication. However, they don’t reverse the 

effects of hearing loss and cognitive decline.

Tun, McCoy & Wingfield 
(2009) [71]

Aging, hearing acuity, and the attentional 
costs of effortful listening 

Findings support the hypothesis that extra effort at the sensory-percep-
tual level due to hearing loss has negative consequences to downstream 

recall, an effect magnified with increased age.

Wendt, Heitkamp & Lunner 
(2017) [72]

DNR and listening effort measured with 
pupillometry

Pupil dilation increased with decreasing SNR, decreased with DNR 
enabled

Van Rooj & Plomp (1990) 
and (1992) [73, 74]

SRT, audiogram, working memory and pro-
cessing speed

2/3 of variance in SRT attributed to high-frequency hearing loss, small 
component WMC and processing speed

Zekveld, Koelewijn & Kramer 
(2018) [75]

Systematic review of existing pupillometry 
literature Provides guidance to LE research using pupillometry

Zekveld, et al.(2013) [76] Working memory capacity and semantic cues 
on the intelligibility of speech in noise 

Better reading span performance was furthermore associated with 
enhanced delayed recognition of sentences preceded by word relative 

to nonword cues, across masker types. The results suggest that working 
memory capacity is associated with release from informational masking 
by semantically related information, and additionally with the encoding, 

storage, or retrieval of speech content in memory.

Table Abbreviations: Central Nervous System (CNS); Digital 
Noise Reduction (DNR); Frequency Compression (FC);Inhibitory 
Control (IC); Ease of Language Understanding (ELU); Environmental 
Sound Identification (ESI);Event Related Potential (ERP);Executive 
Function (EF); Late Positive Potential (LPP); Listening Effort (LE); 
Long Term Memory (LTM); Negative 400 (N400); Normal Hearing 
(NH); Quick-Speech-In-Noise (QSIN); Reaction Time (RT); Reading 
Span (RSPAN); Signal-to-Noise-Ratio (SNR); Speech-In-Noise (SIN); 
Text Reception threshold (TRT); Wide Dynamic Compression 
(WDRC); Working memory (WM); Working Memory Capacity 
(WMC)

Speech-in-Noise (SIN) Listening Effort

Although hearing loss can be compensated to equate 
intelligibility, listening to speech-in-noise can still require more 
listening effort for those with hearing loss and cognitive deficits. 
For degraded speech or speech embedded in noise, the additional 
cognitive resources necessary to understand what is spoken come 
at a cost. This cost related to bottom-up processing may leave 

fewer resources for top-down processing (storage and retrieval 
from memory, more in-depth listening, comprehension, etc.). There 
are several objective and subjective behavioral and physiological 
measures sensitive to the amount of effort required for listening 
[58]. Delayed recall [23, 76], dual-task procedures [56], perceived 
effort [25, 55], ERPs [27, 49, 50] and cardiac measures63 have been 
used as indicators of listening effort.

Research consensus suggests that although older individuals 
may have similarities in the type and degree of hearing loss, they 
often have differences in SIN performance or even when SIN 
performance is similar, they may achieve that level of performance 
with different amounts of listening effort (LE). Differences in 
LE can be attributed to age or cognitive factors, hearing factors 
or age/hearing invariant factors (Table 3) [61]. The cognitive 
factors include those that have been discussed so far (WMC, EF, 
processing speed and IC), with WM often quantified with use of a 
LSPAN or RSPAN task. The hearing factors include supra-threshold 
deficits or capacities, which include temporal processing [52] 
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and psychoacoustic factors including auditory streaming and 
frequency selectivity [15]. The etiology of one’s hearing loss may 
also impact SIN performance and LE, such as cochlear dead regions, 
synaptopathy and auditory processing. These factors may further 
degrade the acoustic signal or make it more challenging to listen 
to speech in noisy backgrounds. This can be explained by the ELU 
model, where degraded speech inputs or hearing loss may result 
in mismatches between the speech signal (language) and semantic 

long-term memory, requiring greater effort through increased use 
of WM to resolve. Cognitive deficits also may limit the availability of 
resources necessary to resolve these mismatches [15, 45]. Subject 
factors such as motivation, conation and personality are also 
known to be important in listening effort performance (Table 3) 
[61]. Individuals that are more driven, motivated, and focused may 
apply greater effort to listening [46, 62, 63].

Table 3: Listening effort factors (adapted from Phillips 2016) [61].

Cognitive/Age Related Factors Hearing Related Factors Age/Hearing-invariant factors

Working memory Degree of loss Fatigue

Processing speed Dead regions Motivation

Attention Supra-threshold deficits Persistence

Inhibitory control Synaptopathy Personality

IQ Auditory processing
Conation*

Avoidance of sub-optimal  listening conditions

There were nine articles in the search that pertained to 
listening effort. Three were theoretical or review papers, three 
were focused on perceived effort, one involved a simultaneous 
dual-task procedure, and two quantified LE with a delayed recall 
task, and three involved electrophysiologic measures.

The three theoretical or review papers on LE have a consensus 
that at a fixed or controlled level of SIN performance LE varies 
considerably among individuals. For listening in more challenging 
conditions there becomes mismatch between internal cognitive 
resources available and task demand. In order to maintain 
performance, the listener must allocate more resources to the 
processing load [46, 62]. Differences in LE may reflect cognitive 
differences hearing related differences and age invariant factors. 
These factors include episodic and working memory, attention 
and processing speed [61]. Normative age-related changes and 
significant deficits in cognition will impact communication 
especially when hearing loss is also present. These individual 
differences stress the importance in including cognitive assessments 
in research examining age related changes in communication as 
well as in the geriatric audiology clinic.

The two perceived effort studies indicate that older adults and 
those with hearing loss exhibit greater perceived effort [56]. Further, 
poorer SNRs elicited greater perceived effort and greater working 
memory was associated with lower perceived effort [25]. Results 
for measuring LE with a delayed recall task indicate that greater 
WM may enhance delayed recognition performance with more 
cognitive resources available for encoding, storage and retrieval 
of speech information [76]. Poorer delayed recall is often seen in 
older adults and those with hearing loss [71]. The dual-task study 
[51] showed a significant correlation between working memory, 
processing speed and performance on the secondary task when 
combined with a sentences-in-noise task, indicating these cognitive 
variables are two important LE factors. The review of pupillometry 
LE studies [75] shows a complex relationship with hearing loss and 

cognition with mixed results for both. Pupillometry results may 
be confounded by differences in age across participants, as pupil 
size decreases with age. Greater cognitive capacity for variables 
including scholastic aptitude, linguistic ability, WM, and vocabulary 
often correspond to larger and slower pupil responses in more 
challenging listening conditions, indicating more in-depth listening 
and greater effort. Greater hearing loss is often associated with 
smaller amplitude pupil responses in more challenging listening 
conditions, indicating reduced effort or less in-depth listening. 
However, larger and slower responses were found for hearing 
impaired listeners in more challenging (50 percent correct) 
compared to easier (95 percent correct) listening conditions [72]. 
Bertoli & Bodmer (2016) [50] found increased amplitudes for the 
late positive potential (LPP) in older adults and those with hearing 
loss compared to younger normal hearing adults, and all listeners 
had delayed and larger amplitude responses in more challenging 
compared to easier listening conditions, indicating greater effort.

 Listening effort may be sensitive to individual differences in 
cognition and may at times explain why individuals with similar 
hearing loss may have dissimilar treatment outcomes. However, 
at this point it is unclear how this could be measured clinically in 
an efficient manner. Possibilities include subjective questionnaires 
and objective measures such as a delayed recall task58 or reaction 
time measures for word recognition testing [36].

Summary of Section 1

• When correcting for hearing loss (i.e., aided testing, SNR 
adjustment) there remained significant age differences for SIN 
performance [29].

• Researchers indicate cognition is an important factor in 
determining SIN performance in older adults. Important 
cognitive factors include WMC51, IC, processing speed [23] and 
episodic memory [31].
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• Studies with young normal hearing adults did not find WMC 
as a relevant predictor of SIN performance [42].

• In two studies hearing loss was also associated with deficits in 
episodic LTM [64, 65].

• Older adults with hearing loss place greater demand on 
WMC for deciphering phonological mismatches and may also 
have deficits in phonological representations. This increased 
cognitive load and subsequent greater LE is realized in more 
top-down and frontal lobe involvement in speech perception 
[46].

• Listening effort appears more sensitive to individual 
differences in cognition than SIN performance measures. LE 
appears sensitive to cognitive related, hearing related and age/
hearing invariant factors. Cognitive factors that are significant 
in LE studies include most often WMC, processing speed, IC and 
selective attention.

Section 2: Clinical Implications and Recommendations

There were 64 articles that had direct clinical implications or 
recommendations. These could be categorized under diagnosis or 
treatment. Diagnosis articles examined:

(1) general health, quality of life and intrinsic capacity,

(2) subjective hearing assessments,

(3) special considerations for those with or at risk for 
dementia, and

(4) cognitive assessments.

Treatment related articles investigated cognition in context of :

(1) general recommendations, 

(2) hearing aids,

(3) cochlear implants, and

(4) auditory training.

Diagnosis: General Health, Quality of Life and Intrinsic Capacity: 
Cheong, et al. (2022) [77] suggest intrinsic capacity is predictive of 
mortality risk in older adults. Intrinsic capacity may be a good pre-
indicator of frailty [78] and its assessment could provide a chance 
for early intervention. Measures of intrinsic capacity consider five 
domains of capacity: locomotion, cognitive, psychological, sensory 
and vitality [79]. Hearing loss often associated with frailty and may 
warrant measuring clinically. Beier, et al. (2022) [80] examined 
two different assessments of frailty. They determined that the 
Frailty Index (FI) is more sensitive to hearing loss while the Frailty 
Phenotype (FP) results are only associated with motor function. 
The FP model has five frailty criteria: unintentional weight loss, 
self-reported exhaustion, weak grip strength, slow gait speed 
and low physical activity level. Someone is classified as being 
frail if they have deficits in at least three of these criteria. The FI 
on the other hand has 40 variables covering physical, as well as 
psychological, social and cognitive aspects. This has similarities to 
the five domains of IC assessments such as the Integrated Care for 
Older People (ICOPE) tool [79]. The FI is calculated by dividing the 

number of deficits present by the total possible number of deficits 
(40). Scores exceeding 0.25 (10 deficits) are considered to indicate 
frailty [80]. The authors emphasize that hearing loss should be 
included in frailty assessments (using the FI) given their findings 
and considering previous described association between hearing 
loss and cognition, gait-speed, fall-risk, depression, hospitalization 
and mortality.

Three articles [81-83] highlight the value of a more holistic 
approach in diagnosing and treating older adults with hearing 
loss given co-morbidities with cognitive and physical health. For 
example, hearing loss has been found to have a higher prevalence 
in those with diabetes and high blood pressure.83 Another issue 
is that hearing loss is inadequately screened in the primary care 
setting. Del Vecchio, et al. (2023) [84] suggest screening people for 
hearing loss and cognitive function earlier and consider high blood 
pressure and cholesterol to be risk factors for “common pathology 
linking the inner ear and brain damage” (p. 1). The broad scope of 
the co-morbidities experienced by older adults and their impact on 
quality of life and mortality risk necessitates interprofessional care. 
Minimally this may require appropriate and automatic referrals, 
such as a hearing assessment for those diabetic or those receiving 
memory services.

Self-efficacy and Illness Behavior (IB) may be important factors 
for Quality of Life (QOL) in context of hearing loss [85]. QOL is 
also known to be impacted by hearing loss and cognition [86]. 
Depression and reduced social engagement are associated with 
hearing loss, while less depression and more social engagement 
in those with higher cognition [5]. Hearing loss may indirectly 
impact cognition status through reduced social engagement [5, 87]. 
Emotional distress and exaggerated concerns of hearing loss were 
associated with lower self-efficacy and poorer QOL [87]. Poorer 
self-reported hearing associated with greater perceived age-
related losses (Awareness of Age-Related Change or AARC). This 
was especially true for interpersonal relationships in older adults 
and social cognitive and social emotional functioning in younger 
adults reporting hearing difficulties [88]. These studies indicate 
subjective assessments of hearing may be warranted as a screening 
tool, however perceived hearing loss often does not align with 
objective hearing assessments [89].

Three articles discussed more general patient care regarding 
hearing and cognition in older adults. Heine & Browning (2002) 
[90] discussed health care for those with sensory loss and the fact 
that 70% of those with severe vision impairment have hearing loss. 
Given the association between sensory loss with depression, anxiety, 
lethargy and social dissatisfaction, the authors recommend a multi-
disciplinary approach in dealing with such patients. Pichora Fuller, 
et al. (2013) [91] and Pichora Fuller (2015) [92] emphasize the 
importance of treating hearing loss in the older adult, particularly 
in those with cognitive deficits. The author(s) stress:

1) identifying and treating hearing loss is especially 
important given the potential causative effect of hearing loss 
on cognition and the potential for hearing aids to slow down 
cognitive decline,
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2) the need for cognitive screening as part of audiological 
assessments,

3) improving hearing health through amplification and 
aural rehabilitation may be beneficial by improving cognitive 
function and overall health and well-being. 

One study considered gait and vestibular function (Danneels, 
et al. 2023) [93] in addition to cognition and hearing measures 
[92]. Slower gait speed in combination with moderate hearing loss 
was associated with a poorer MoCA score and higher fall incidence 
while hearing loss alone was not [93]. Bosmans, et al. (2022) [94] 
described an association between vestibular loss and cognitive 
impairment. Further research is needed on the causation as well as 
the benefits of treating vestibular loss on cognitive function.

Diagnosis: Subjective Hearing Assessments: Given the 
increased awareness of the relationship between cognition 
and hearing, it is not surprising that there were six studies that 
examined how we should screen/test for hearing loss. What should 
be the standard? Subjective questionnaires, pure tones and speech 
perception in noise assessments are three possibilities. However, 
one study found that subjective assessments have poor sensitivity 
and specificity, especially when considering older adults with MCI 
[95]. This may relate to another subjective hearing loss study by 
Sukurai, et al. (2023) [89] finding a large percentage of older adults 
fail to recognize they have hearing loss. These “over-estimators” of 
hearing sensitivity had associated lower cognition and poorer gait 
compared to those having an accurate gauge of their own hearing 
sensitivity. Those who self-identified as having hearing difficulty 
tended to be more depressed, as was seen in other studies.87 
Another study introduced a self-report that considered hearing, 
vision, cognition and psychosocial functioning on quality of life 
(hAVICOP) [96]. Merten, et al. (2022) [97] found that psychosocial 
well-being was associated with better hearing, vision, neural and 
cognitive functioning. Goodwin, Hogervorst and Mairdment (2022) 
[98] looked at the hearWHO, digits in noise and the Modified 
Telephone Interview for Cognitive Status (TICS-M) as well as 
psychosocial well-being and cardiovascular health. The hearWHO 
is a free self-assessment hearing screener developed by the WHO 
with good sensitivity and specificity (0.962 and 0.903, respectively) 
[99]. Poorer hearing was associated with poorer cognitive function, 
social isolation and being sedentary. An objective self-assessment 
such as the hearWHO may be a good alternative to subjective 
measures of hearing sensitivity.

Diagnosis: Special Considerations for Dementia: Dawes, et al. 
(2022) [100] give recommendations for hearing assessments in 
individuals with dementia. They provided several recommendations 
in order to assess these often difficult-to-test individuals. This 
included testing 1000 and 4000 Hz by air conduction in both 
ears first, slowing down and having patients respond verbally 
with a “yes” instead of a button push, consideration of Distortion 
Product Otoacoustic Emissions (DPOAE) testing as a screening tool 
and functional hearing tests. One study has shown utility in using 
dichotic testing as a screening for dementia risk.59 Hazard ratios 
for dichotic auditory tests for dementia measured longitudinally 
were 1.82 and 4.19 for Dichotic Sentence Index (DSI) scores 50-

80% and below 50% respectively. Others suggest Auditory Event 
Related Potentials (AERP) may be useful indicators of pre-clinical 
AD [101].

Diagnosis: Cognitive Assessments: Twenty-one articles 
pertained to testing for cognitive function and hearing loss in older 
adults. Dupuis, et al. (2015) [102] indicated that more individuals 
pass general cognitive assessments (MoCA) that do not have sensory 
impairment compared to those that do. They stressed that hearing 
impairment may be both a confound for testing as well as a risk factor 
for cognitive decline. Gaeta, et al. (2019) [103] also found reduced 
MMSE scores in cognitively normal individuals without hearing 
loss, when the test materials presented were low pass filtered to 
simulate reduced audibility. Hill Briggs, et al. (2007) [104] outline 
which cognitive test procedures are appropriate for individuals 
that are deaf and use sign language and may also be appropriate for 
those with hearing loss. This included using the Wechsler Memory 
Scale (WMS-III) visual memory tests for immediate and delayed 
recall. These two subtests with normative data for 16-90-year-
olds are the design memory and visual reproduction tests. The 
WMS-IV also includes the California Verbal Learning Test (CVLT) 
for auditory memory. Two visual WMC tests are also in the WMS-
IV (spatial addition and symbol span), but only have norms for 
16-69-year-olds. Junkkila, et al. (2012) [105] provide support for 
using the Cambridge Neuropsychological Test Automated Battery 
(CANTAB) Paired Associate Learning subtest, which is a non-verbal, 
visual task sensitive to early stages of Alzheimer’s disease and MCI. 
However, clinicians are likely to use a screening tool such as the 
standard MoCA, that include an auditory only test for memory. The 
MoCA includes an immediate and delayed recall (5 minutes later) 
test for five words (such as face, velvet, church, daisy, red) read 
by the examiner. The MMSE asks the patient to recall the name of 
three objects the examiner reads until they get the names correct 
and then delayed recall after an attention task (count by 7’s up until 
5 correct answers or spell world backwards). Shen, Anderson & 
Souza (2016) [18] provide a tutorial for assessing cognition in the 
audiology clinic. The recommendations were to look for signs of 
dementia and cognitive impairment in the case history, make sure 
to have a process for referring patients that are suspected of having 
a cognitive impairment and to include a cognitive screening tool 
sensitive to MCI such as the Montreal Cognitive Assessment (MoCA) 
and the Saint Louis University Mental State (SLUMS) test. Tests such 
as the MMSE may be more sensitive to Alzheimer’s but are as less 
sensitive to MCI. They also emphasized making sure hearing loss or 
difficulties hearing the test items is not the reason for a low score 
on the cognitive screening. Tests should be completed in a quiet 
room (such as a sound booth) and with amplification provided with 
a Personal Sound Amplification Product (PSAP) or demo hearing 
aid if the patient does not have their own hearing aids. Wong, et 
al. (2014) [106] examined performance on the MMSE in a group 
of older adults fitted with a monaural hearing aid. Results on 
the MMSE were poorer than results from the general population 
despite the use of amplification, consistent with the co-morbidity 
of hearing loss and cognitive decline.

Given that most cognitive assessments include an auditory 
memory test and other tests and instructions read by the examiner, 
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there are concerns that audibility could result in lower assessment 
scores for those with hearing loss [107, 108]. Andries, et al. (2019) 
[109] argue that appropriate cognitive assessments for the hearing 
impaired should provide “visual support during administration”. 
Possibilities include the RBANS-H, HI-MoCA, CANTAB and ALACog. 
Others have confirmed that those with hearing loss do better on 
written vs. standard MoCA [95]. The development of the MoCA-H 
[100] and MoCA-HI [110] address this problem with the standard 
MoCA 8.1 test through a written format. A version of the MoCA-HI 
is available in paper format on the official MoCA website (https://
mocacognition.com). There are also cognitive screening tests for 
dementia that are also in written form [111]. Alternatively, hearing 
aids and PSAPs can offset the effects of hearing loss on audibility 
for cognitive assessments (i.e., MMSE) [103, 106]. A few cochlear 
implant studies and reviews examined cognitive assessments 
as outcome measures post-implantation [109, 112-114] or to 
determine candidacy [80, 115]. Assessments that are nonverbal 
(CANTAB and ALACog) or have visual support were preferred (HI-
MoCA).

Another option for audiologists is to use a delayed recall 
for speech stimuli they already use in the clinic such as the 
standardized monosyllabic word lists (NU-6) or a more formalized 
test of auditory memory such as the CVLT or the Word Auditory 
Recognition and Recall Measure (WAARM) [116]. The WAARM 
test has five sets of words (from the Words in Noise test) in blocks 
of 2,3,4, 5 and 6 words. Other options include using a list of 15 
monosyllabic words presented visually or auditorily and ask them 
to recall as many as they can after reading or repeating back. This 
procedure also can be modified to be presented visually to offset 
audibility concerns [116]. However, such procedures only address 
auditory memory while formal cognitive assessments and screeners 
are more comprehensive.

Yueh, et al. (2003) [117] stressed the importance of screening for 
hearing loss in the elderly population. Screening recommendations 
included the Hearing Handicap Inventory for the Elderly (HHIE) 
and use of an Audioscope (handheld device that presents a 1000 
and 2000 Hz tone at 40 dB HL) in the general practitioner’s office. 
Omar, et al. (2023) [118] indicate professionals (i.e., psychologists 
and audiologists) working with older adults with either memory 
or hearing problems often do not address the possibility of 
comorbidities despite acknowledgment from professionals that 
this comorbidity exists. In other words, audiologists rarely (4%) 
conduct or recommend cognitive assessments and psychologists 
do not often (4%) recommend or conduct hearing tests.

 Quaranta, et al. (2014) [119] also provide evidence to support 
including more than just pure tone audiometric testing for older 
adult hearing assessments. The relationship between hearing loss 
when it includes SIN testing (SSI-ICM) in addition to pure tone 
testing has a stronger relationship with cognition in older adults. 
Xu and Cox (2021) [120] found that the American Four Alternative 
Auditory Feature (AFAAF) test was highly sensitive to individual 
differences in cognitive function (WMC). This test is available for 
free from the Hearing Aid Research Lab, University of Memphis 
website.

Treatment: Hearing aids: Seven articles examined outcomes 
for adults fit with hearing aids or PSAPS, including cognition and 
mental health. Acar, et al. (2011) [121] found that three-month 
post-hearing aid fitting, older adults showed improvements on 
cognitive function (MMSE) and psycho-social functioning. Allen, et 
al. (2003) [122] found in 42% of Alzheimer’s patients a significant 
improvement on the Clinical Global Impression of Change (CGIC) 
scale 24-week post hearing aid fitting, although cognition (MMSE) 
and problem behavior measures did not. Glick & Sharma (2020) 
[123] found evidence of neuroplasticity in individuals with hearing 
loss prior to being fit with hearing aids and three-months post-fit. 
Pre-frontal and frontal auditory areas were sensitive to visual inputs 
(cross-modal reorganization) prior to fitting and lost sensitivity 
to visual input post-fitting. Other studies indicated differences in 
outcomes and SIN performance attributed to individual differences 
in cognition. Sarant, et al. (2020) [8] examined longer term (18 
months post-fitting) effects of treating hearing loss on cognition 
in older adults (60-84 years old). Almost all participants (97.3%) 
showed either no change or improvement in cognitive function 
overall (MMSE) while having a significant improvement for 
executive function (Groton Maze Learning Test). Digital Noise 
Reduction (DNR) may reduce processing effort as seen in cortical 
responses, although not behaviorally. DNR may be more beneficial 
to those with reduced noise tolerance [124]. Perron, Lau and 
Alain (2023) [125] determined that 60-70 percent of older adult 
participants with normal to mild hearing loss showed improved 
SIN performance and reduced effort with PSAP use. Age, hearing 
loss and cognition were predictors of PSAP benefit, with those with 
better cognition, older age and poorer hearing showing the most 
benefit. Visual aid use in vision impaired and hearing aid use in 
hearing impaired nursing home residents associated with slower 
cognitive decline (Kwan, et al., 2022) [126].

A large number of the remaining articles looked at individual 
differences in cognition in relation to performance and preferences 
with hearing aids. Gatehouse, Naylor and Elberling (2003) [127] 
showed that those with higher cognitive function benefited more 
from temporal variation in background noise and faster hearing aid 
time constants than those with poorer cognitive function. Lunner 
(2003) [128] found a significant negative correlation between SNR 
and WM (RSPAN), which was even stronger for aided performance. 
Ng, et al. (2015) [129] and Lunner, Rudner & Ronnberg (2009) [9] 
indicated that PTA, executive function and WM predicted variability 
and preference for directional microphones, digital noise reduction 
and speed of compression settings for their hearing aids. Souza & 
Sirow (2014) [130], Souza, Arehart & Neher (2015) [69], Gatehouse, 
Naylor and Eberling (2003) [127] Lunner & Sundewall Thoren 
(2007) [131] all found in association between fast versus slow 
compression release time and cognition (WM assessed with the 
RSPAN). Those with higher WMC did best and preferred fast, while 
those below the median WMC preferred and did better with slow. 
Xu and Cox (2021) [121] were the exception in not showing this 
relationship. Windle, Dillon and Heinrich (2023) [132] emphasize 
considering slow-acting compression for those with cognitive 
deficits and the negative impact of signal processing distortions 
of speech envelope on listening. They also emphasize the need 
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for improving the SNR especially for older hearing aid users, as 
SIN performance decreases with age. This may require utilizing 
lower compression ratios, moderate digital noise reduction 
settings and increase use of directional microphones and closed-
ear fittings to improve directionality. Lowering compression ratios 
may be especially necessary if utilizing fast-acting compression 
release times. They also warn against using frequency lowering/
compression and other advanced hearing aid features in those with 
cognitive impairment, as they may add to envelope distortions. 
Neher (2014) [133] found that those with higher cognitive function 
were better able to discern changes in hearing aid programming 
(fine tuning) and that those with poorer cognition may benefit 
from more automatic hearing aid functioning. Ronnberg, et al. [15, 
44, 45] and Ng & Ronnberg (2019) [134] also indicate better SIN 
performance is associated with better WMC and hearing loss in 
general was associated with deficits in LTM, both auditory as well 
as visual. Further, Rudner, et al. (2012) [25] found an association 
between WMC and (aided) subjective listening effort.

Treatment: Cochlear implants: Six articles in this section looked 
at what are appropriate cognitive assessments to be used for older 
adults receiving CIs as outcome measures. These are summarized 
below: (1) MMSE improvement in particular was not associated 
with successful cochlear-implantation. The TMT and AlaCog 
showed improvement post-implantation [112].

(2) As mentioned elsewhere, the MMSE may be more 
appropriate for dementia screening than as a cognitive outcome 
measure or screener for MCI. For older adults receiving CIs there 
was a postoperative improvement in MMSE scores associated with 
better speech production only and not basic or advanced sound 
perception, self-esteem, activity limitations or social interactions 
as quantified with the Nijmegen Cochlear Implant Questionnaire 
(NCIQ) [114].

(3) Zucca, et al. (2022) [115] indicate CI outcomes (including 
word recognition and verbal fluency) were associated with age and 
the Auditory Trail Making Test (TMT-A) performance at baseline. 
The TMT-A is sensitive to cognitive shifting and cognitive processing 
speed.

(4 and 5) The NIH Toolbox Cognition Battery is an option for 
an outcome measure for older adult CI recipients [135]. However, 
processing speed was the only cognitive assessment associated 
with poorer SIN performance.

(6) Andries, et al. (2023) [109] found that individuals with 
MCI showed improvement in both cognitive functioning and SIN 
performance 12-months post-op cochlear implantation. Greater 
SIN improvement was associated with greater improvement on 
RBANS-H, which is a cognitive assessment that substitutes auditory 
tasks with auditory-visual ones. 

Treatment: Auditory training: Henshaw, et al. (2022) [136] 
found working memory training did not generalize to other 
cognitive measures, SIN performance or self-reported hearing 
in older hearing aid users. The authors contend that more 
dynamic training protocols that may be more directly related to 
communication should be considered. Conversely, Sommers, et 
al. (2015) [137] found that for a commercial auditory training 

program (computerized learning Exercises for Aural Rehabilitation 
(clEAR)) greater word recall was retained at 3 months post-
training compared to pre-training results. Further, Lowe et al., 
(2023) [138] found at-home-training using conversation in noise 
and conversation in quiet resulted in improved self-reported 
hearing difficulty. The conversation in noise group also showed 
reduced listening effort as measured with a dual-task procedure. 
Kucuk, Dere and Mujdeci (2022) [139] found a significant decrease 
in MMN latencies as a result of auditory training. Additionally, 
Schumann and Ross (2022) [140] found that adaptive syllable 
training improves phoneme identification in older listeners with 
and without hearing loss. However, similar pre-test accuracy (80% 
correct) could only be achieved at lower SNRs in the listeners 
without hearing loss post-training.

Summary of Section 3

• There were not frequent or consistent clinical 
recommendations in the cognitive hearing science literature. 
Researchers stressed the strong relationship between hearing 
and sensory function with cognition in the elderly and that 
it is important to screen for both hearing loss and cognitive 
impairment. Also, many stressed the potential added benefit of 
treating hearing loss in improving cognition or at least staving 
off its decline [92].

• Audiologists should start screening for cognition utilizing a 
screening tool that is sensitive to mild cognitive impairments 
such as the MoCA. Authors also stress being careful to not 
confound the inability to hear or see items on the cognitive 
screening with cognitive impairment.18,100-101,106 Some 
indication that speech perception tasks used in diagnosing 
auditory processing disorders (dichotic listening) may be early 
indicators of dementia [59].

•Consider individualized care for older adults in context of 
quality of life with screenings for nor only hearing loss and 
cognition but for comorbidities and risk factors including 
dementia, cardiovascular disease, fall risk, vestibular function 
and diabetes [84, 94, 96, 100, 106]. 

• Including additional audiological assessments for older adults 
such as SIN testing and dichotic listening tests as these appear 
sensitive to cognitive functioning [119].

• Preference for slower compression settings [69, 120] and 
greater digital noise reduction9,128,133 in those with MCI. 
Slower compression release and lower compression ratios 
should result in easier listening through reducing speech-
envelope distortions [132].

• Deficits in cognitive functioning such as WMC and 
processing speed may necessitate better SNRs for successful 
communication technologies that improve SNRS such as 
directional microphones and Frequency Modulation (FM) 
systems. Also, more automatic functioning of hearing aids is 
warranted in these individuals as well. 

• Auditory training (Ferguson & Henshaw (2015) [141]; Lowe, 
et al. (2023) [138]) may also be a beneficial treatment option. 
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Conclusion

• Specific recommendations are lacking regarding tailoring 
evidence-based treatment for hearing loss based on cognitive 
functioning.

• Audiologists should consider measures of cognitive health 
when diagnosing and treating hearing loss, including WMC, 
attention and processing speed.

• In addition to speech testing in quiet, auditory processing or 
SIN tests should be considered when evaluating older adults for 
hearing loss.

• Considering ways to improve the Signal-to-Noise Ratio 
(SNR) is vitally important in fitting hearing aids on those with 
poorer cognition. This includes stronger DNR settings and 
consideration of FM technology.

• May consider lower compression ratios and slower 
compression release times for those with poorer cognition as 
well as more automatic hearing aid functioning (i.e., disable 
program button).

• Treating hearing loss is vitality important in maintaining 
quality of life.
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