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Abstract

Background: The interaction of audition and cognition has been of interest to researchers and clinicians,

especially as the prevalence of hearing loss and cognitive decline increases with advancing age. Cog-
nitive screening tests are commonly used to assess cognitive status in individuals reporting changes in

memory or function or to monitor cognitive status over time. These assessments are administered ver-
bally, so performance may be adversely affected by hearing loss. Previous research on the impact of

reduced audibility on cognitive screening test scores has been limited to older adults with sensorineural
hearing loss (SNHL) or young adults with normal hearing and simulated audibility loss. No comparisons

have been conducted to determine whether age-related SNHL and its impact on cognitive screening tests
is successfully modeled by audibility reduction.

Purpose: The purpose of this study was to examine the effects of reduced audibility on the Mini-Mental
State Examination (MMSE), a common bedside cognitive screening instrument, by comparing perfor-

mance of cognitively normal older adults with SNHL and young adults with normal hearing.

Design: A 1:1 gender-matched case–control design was used for this study.

Study Sample: Thirty older adults (60–80 years old) with mild to moderately severe SNHL (cases) and
30 young adults (18–35 years old) with normal hearing (controls) served as participants for this study.

Participants in both groups were selected for inclusion if their cognitive status was within normal limits on
the Montreal Cognitive Assessment.

Data Collection and Analysis: Case participants were administered a recorded version of the MMSE in
background noise at a signal-to-noise ratio of 125-dB SNR. Control participants were administered a

digitally filtered version of the MMSE that reflected the loss of audibility (i.e., threshold elevation) of
the matched case participant at a signal-to-noise ratio of 125-dB SNR. Performance on the MMSE

was scored using standard criteria.

Results: Between-group analyses revealed no significant difference in the MMSE score. However,

within-group analyses showed that education was a significant effect modifier for the case participants.

Conclusions: Reduced audibility has a negative effect on MMSE score in cognitively intact participants,

which contributes to and confirms the findings of earlier studies. The findings suggest that observed re-
ductions in score on the MMSE were primarily due to loss of audibility of the test item. The negative

effects of audibility loss may be greater in individuals who have lower levels of educational attainment.
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Higher levels of educational attainment may offset decreased performance on the MMSE because of

reduced audibility. Failure to consider audibility and optimize communication when administering these
assessments can lead to invalid results (e.g., false positives or missed information), misdiagnosis, and

inappropriate recommendations for medication or intervention.

Key Words: aging, assessment, cognition, hearing loss

Abbreviations: CDT 5 clock drawing test; CI 5 confidence interval; RMS 5 root-mean-square;

MMSEMini-Mental State Examination; MoCA 5 Montreal Cognitive Assessment; SD 5 standard
deviation; SNHL 5 sensorineural hearing loss; SNR 5 signal-to-noise ratio

A
ging is associated with changes in hearing sen-
sitivity and cognitive functioning, declining

with advancing age. The prevalence of age-

related hearing loss and cognitive impairment is expected

to rise in the general population, especially for those

.60 years, in part because adults are living longer.

In the United States, about 75% of adults aged $70

years have hearing loss ranging in severity from mild

to profound (Goman and Lin, 2016), making age-related
hearing loss the most common sensory impairment in

older adults. Age-related hearing loss, or presbycusis,

is characterized as a progressive, bilateral, symmetri-

cal sensorineural hearing loss (SNHL) that first affects

sensitivity to high-frequency sounds (i.e., consonants)

(Gelfand et al, 1986; Helfer and Wilber, 1990; Pichora-

Fuller and Souza, 2003). Because of reduced hearing

sensitivity within the high-frequency region, speech
recognition is affected. Declines in speech understand-

ing in older adults have been attributed to changes in

the peripheral and central auditory system, as well

as to various cognitive processes (Pichora-Fuller and

Singh, 2006).

Cognitive changes with age can be classified as nor-

mal or pathological. Some cognitive domains, such as

crystallized intelligence and vocabulary, improve with
age whereas other domains, such as speed of processing

and memory, decline (Harada et al, 2013). Declines in

memory and other cognitive functions (e.g., calcula-

tions, judgment, and language) are features of demen-

tia, a gradually progressive syndrome, which can limit a

person’s functional independence (Deary et al, 2009).

Causes of dementia are often multifactorial, stemming

from strokes (e.g., vascular dementia) or neurodegener-
ation (e.g., Alzheimer’s disease), or may be associated

with other disorders such as Parkinson’s (e.g., Parkinson’s

disease dementia).

These age-related structural and physiological

changes throughout the auditory and cognitive systems

may interact in older adults, suggesting an association

between hearing loss and cognitive decline. This asso-

ciation has been supported by longitudinal studies
(Lin et al, 2011; Lin et al, 2013; Tomioka et al, 2015).

Although the mechanism of this association is not yet

fully established, hypotheses have been proposed that

suggest that cognitive decline reduces the availabil-

ity of resources available for understanding speech

(Schneider, 2011). In addition, those with age-related
hearing loss are at a greater risk for developing demen-

tia, indicating that age-related hearing loss is associ-

ated with incident dementia (Lin et al, 2011).

The association between age-related hearing loss

and cognition has been studied through the use of

speech recognition in noise testing. In adverse listening

conditions, speech recognition is negatively affected

and requires more effortful listening, leaving fewer cog-
nitive resources for other functions such as working

memory (Pichora-Fuller, 2003; Helfer and Freyman,

2008; Cousins et al, 2014; Carroll et al, 2016). Contin-

uous effortful listening, such as in noisy environments,

has been hypothesized to contribute to accelerated cog-

nitive decline in older adults (Cardin, 2016).

In light of this recent evidence, the association be-

tween age-related hearing loss and cognitive decline
is significant for clinicians evaluating older adults.

Age-related hearing loss may have a negative impact

on cognitive performance, thereby making diagnosis

of cognitive impairment a challenge. Furthermore,

the average adult waits$10 years to be fit with hearing

aids (Davis et al, 2007). This delay in seeking ampli-

fication can lead to sensory deprivation and cognitive

decline, both of which contribute to social isolation
(Monzani et al, 2008). Early detection of pathological

changes associated with cognition is worsened by the

lack of a definitive diagnostic tool and the complex

multifactorial etiology. The estimated time-to-diagnosis

for dementia is between 1 and 3 years (Cattel et al, 2000;

Fiske et al, 2005). To diagnose pathological cognitive

changes, providers usually rely on a brief cognitive

screening test and caregiver report. These cognitive screen-
ings are brief, psychometrically robust assessments

that identify patients who require additional compre-

hensive cognitive assessments by a specialist, deter-

mine a differential diagnosis, or monitor progression

of cognitive status (Woodford and George, 2007).

The Mini-Mental State Examination (MMSE;

Folstein et al, 1975) is the most commonly used assess-

ment of cognition by physicians (O’Bryant et al, 2008)
and has been in use since 1975. The MMSE assesses

a variety of cognitive domains, including but not limited

to orientation, recall, language, and visual construction

tasks (Folstein et al, 1975). It is psychometrically ro-

bust, having high test–retest reliability and sensitivity
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to moderate to severe stages of dementia (Tombaugh

and McIntyre, 1992). Limitations of the MMSE include

biases toward lower levels of education and reduced

sensitivity for early or mild stages of dementia, result-
ing in ceiling effects and the possibility of diagnostic

false negatives (Naugle and Kawczak, 1989; Simard,

1998).

The Montreal Cognitive Assessment (MoCA;

Nasreddine et al, 2005) is a cognitive screening test that

was developed to detect mild cognitive impairment to

address the sensitivity limitation of the MMSE for ear-

lier stages of dementia. The MoCA assesses multi-
ple cognitive domains, such as executive function,

sustained attention, working memory, and language

(Nasreddine et al, 2005). Diagnosis of cognitive impair-

ment with the MoCA has also been studied in various

populations, including patients with stroke (Chiti and

Pantoni, 2014) and Parkinson’s disease (Dalrymple-

Alford et al, 2010).

The MMSE, like most cognitive screening tests, is
administered verbally, requiring the patient to respond

appropriately to auditory information. Consequently,

hearing loss can compromise the understanding of the

verbally administered test items, instructions, or other

information, and have a negative impact on the score

on the cognitive screening test. Providers who are un-

aware of the patient’s hearing loss or the impact of hear-

ing loss on the verbally administered test items may not
recognize errors due to reduced audibility and distin-

guish them from errors due to cognitive declines. This

potential negative impact of hearing loss on the assess-

ment of cognitive function emphasizes the need for timely

diagnosis of hearing loss and cognitive status, in addition

to the determination of hearing status before adminis-

tering any assessment. Failure to confirm hearing sta-

tus may lead to invalid results and diagnostic errors.
The impact of hearing loss on cognitive assess-

ments has been explored in a limited number of studies.

Dupuis et al (2015) studied the impact of dual sensory

impairment (vision and hearing) on cognitive screening

test scores. In the study, 301 older adults with hearing

and vision impairments (50% normal hearing and vi-

sion; 38% hearing impairment; 5% vision impairment;

7% dual-sensory impairment) were administered the
MoCA. Dupuis et al found that the participants with vi-

sion or hearing impairment performed worse on the

MoCA than the participants with normal hearing and

normal vision, providing evidence that sensory impair-

ments can negatively impact performance on the

MoCA. The findings of this study have implications

for diagnosing cognitive decline as cognitive sta-

tus may be underestimated in patients with sensory
impairments.

Recently, Jorgensen et al (2016) investigated the

effects of simulated audibility loss on MMSE scores.

In the study, 125 young adults with normal hearing

were randomized into five groups (normal hearing, mild

to moderately severe sloping hearing loss, mild to se-

vere sloping hearing loss, moderate to severe sloping

hearing loss, and severe to profound sloping hearing
loss) based on population data from Cruickshanks

et al (1998). Loss of audibility for each group was sim-

ulated using Adobe Audition by filtering a recording of

the MMSE that reflected each group’s loss of audibility

(i.e., threshold). Each participant was administered the

digitally filtered MMSE, which was presented at 70-dB

SPL in the presence of 45-dB root-mean-square (RMS)

spectrally shaped white noise. Jorgensen et al found
that MMSE scores declined significantly as audibility

was reduced among the participants. Jorgensen et al

concluded that reduced audibility could lead to artifi-

cially low scores on the MMSE, even in young adults

with normal hearing and cognition. However, despite

the significant findings reported by Jorgensen et al

(2016), the generalizability and clinical applications

of the study are limited. Reduced audibility through
digital filtering does not account for the distortion that

accompanies SNHL in older adults, so it is unknown

how the other components of SNHL affect comprehen-

sion of the cognitive screening test items.

The findings of Jorgensen et al, in addition to pre-

vious research, are not surprising given that patients

must hear the test item correctly and respond to a ver-

bally administered test question. Research on speech
recognition has shown that noise can exacerbate the im-

pact of hearing loss on performance on cognitive screen-

ing tests. The administration of a cognitive assessment

in a noisy environment may lead to underestimated

scores and, possibly, delayed identification of cognitive

impairment and the risk of misdiagnosis.

The purpose of this study was to examine the im-

pact of the distortion component of SNHL on cognitive
screening test scores by simulating loss of audibility

and comparing performance with a case–control design.

Based on the conclusions and limitations of

Jorgensen et al’s (2016) study, this study was needed

to explore the possible influence of aging on a cognitive

screening test by comparing performance of young

adults with normal hearing and older adults with SNHL.

Without this age-based comparison, previous studies
were not able to conclude definitively that hearing loss

beyond reduced audibility and age-related changes in

cognition contributed to reduction in MMSE scores.

In addition, comparing the performance of older and

young adults allowed for further investigation into the

distortional aspects of SNHLand its effects on speechun-

derstanding in older adults.

METHODS

This study used a case–control design. Cases were

defined as older adults (60–80 years old) withmild
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to moderately severe SNHL who use hearing aids, and

the controls were defined as gender-matched young

adults (18–35 years old) with normal hearing. All data

were collected prospectively from January 24, 2017, to
April 10, 2017. All study procedures were completed at

the University of Oklahoma Health Sciences Center in

a single-walled sound-treated booth that met Ameri-

can National Standards Institute S3.1 maximum

permissible ambient noise levels (ANSI, 2007). A 3M

SoundPro SE/DL Series Type II sound level meter

(3M, St Paul, MN) positioned at the ear level when

seated was used to establish presentation levels for
the signal and noise channels on the recording. Cali-

bration tones matched to the long-term RMS of the

stimulus (MMSE) and noise (multitalker babble) sig-

nals were used at 70-dB SPL RMS amplitude. Digital

audio files of MMSE recordings were routed from a

desktop computer using Windows Media Player to a

Madsen Orbiter 922 clinical audiometer to JBL Con-

trol 5 BP2X speakers (JBL by Harman, Stamford,
CT) in the booth via a two-channel Crown D75A am-

plifier (Crown Audio by Harman, Northridge, CA).

The participant was seated 1 m from the signal

speaker at 0� azimuth (at head height), which simu-

lated the ideal position of a clinician administering

the MMSE face-to-face. Two additional JBL 5 BP2X

bipolar speakers for the noise channel, positioned at

45� and 135� azimuth to the seated participant, were
located at a distance of 1 m at head height. Distance

and location between the participant and three speak-

ers were visually confirmed for every participant using

positional markers in the test space. Presentation lev-

els were confirmed periodically throughout the data

collection processes for consistency. A clipboard with

the forms used for the MMSE test items that required

responses on paper was positioned to the participant’s
nondominant hand side on a small stool.

Two groups of participants were recruited to serve as

cases and controls. Control participants were recruited

to match the gender of the case participants on a 1:1

basis. Thirty case participants (mean 5 69.4 years

old, standard deviation [SD] 5 4.8 years, range 5

61–78 years old) were recruited through local and on-

campus clinics in Oklahoma City. Thirty control partic-
ipants (mean 5 24.2 years old, SD 5 2.9 years, range 5

20–32 years old) were recruited from the Oklahoma City

metropolitan area and campus. All case participantswere

users of binaural hearing aids but participated in study

assessments unaided to allow comparisons with the

control participants. Case participants completed all

pre-experimental tasks with the use of their hearing

aids. Older and young adults were ineligible to partic-
ipate if they had been diagnosedwith a cognitive or neu-

rological disorder (e.g., dementia, traumatic brain

injury, and Parkinson’s disease) by a physician, had

been diagnosed with a learning disability, were unable

to communicate verbally, did not have corrected vision,

or were unable to complete all required tasks.

To isolate the impact of audibility loss on cognitive

screening test scores, participants were administered
the MoCA and had to score $26 on the MoCA to partic-

ipate; no participants scored ,26. The MoCA was used

for determining inclusion eligibility because of its

higher sensitivity than the MMSE for distinguishing

mild cognitive impairment (Nasreddine et al, 2005;

Roalf et al, 2013) and for comparison with Jorgensen

et al (2016), which used the MMSE as the main study

measure.
This study was approved by the Institutional Review

Board at the University of Oklahoma Health Sciences

Center in December 2016.

Methodology

All participants completed a case history form with

the investigator before beginning study measures. All
participants underwent otoscopy, tympanometry, pure-

tone audiometry, and the QuickSIN (Etymotic Re-

search, Elkgrove Village, IL). The average audiogram

for case participants revealed a mild sloping to moder-

ately severe SNHL, and the average audiogram for con-

trol participants showed normal hearing sensitivity

(see Figure 1).

Adapted from methodology used by Jorgensen et al
(2016), participants in both groups were asked to rate

their familiarity with the following cognitive assess-

ments to ensure that performance was unaffected by

memory of the test items: MoCA, Abbreviated Mental

Test Score, MMSE, St. Louis University Mental Status

Examination, and the clock drawing test (CDT). Two of

the assessments, the MMSE and the MoCA, were used

as study measures. To establish familiarity with the
MMSE and MoCA, the other assessments (Abbreviated

Mental Test Score, St. Louis University Mental Status

Examination, and CDT) were included as foils. The

CDT was the most familiar test to the participants in

both groups; however, no participants reported high

levels of familiarity with the other tests, including

the MMSE, confirming low familiarity with the study

measure.

Stimuli

A male volunteer with a neutral accent recorded

the test questions from the MMSE as the original stim-

uli, which was used as the stimulus for the case

participants. Test items were equalized to 60 dB(A)

based on the average amplitude RMS of the original re-
cordings analyzed in Adobe Audition CS6, v. 5.0. Multi-

talker babble (Auditec of St. Louis, 1971) was presented

at 35 dB(A) and added to the second channel

to simulate typical background noise levels during
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administration of theMMSE in a clinical setting and for

comparison with Jorgensen et al (2016). Multitalker

babble is more ecologically valid than white noise for

simulating clinical settings because of the informa-

tional and energetic masking components (Killion

et al, 2004). Both groups of participants were admin-

istered the MMSE in the presence of background

noise (125-dB SNR).
The original MMSE recordings were used for the case

participants. The case participants were administered

the MMSE without the use of their hearing aids. For

the control participants, MMSE recordings were digi-

tally filtered to simulate a matched loss of audibility.

Loss of audibility was simulated by attenuating the

stimuli recording in various octave bands by the differ-

ence in the unaided thresholds between the case partic-
ipant and the matched control participant using Adobe

Audition CS6, v. 5.0. Simulated loss of audibility for the

control participants was calculated as the difference in

better-ear unaided thresholds at 250, 500, 1000, 2000,

3000, 4000, 6000, and 8000 Hz for the control partici-

pants and the matched case participants. This method

controlled for audibility loss between the two groups.

This recording was used with the control participants
in the simulated unaided condition.

The MMSE test items were preceded and followed by

a set of five unscored but similarly phrased general

knowledge questions. These ten questions allowed the

participant to become familiar with the task and allowed

the tester to confirm equipment function.

Test items were presented in the same sequence as

the original MMSE and were not repeated. Before pre-

senting the recorded test questions, instructions were

provided to each participant. The recording of the

MMSE questions was paused after each test item to al-

low the participant to respond before presenting the

next question. No human tester was in the booth with

the participant, so all test items that required a visual

cue were presented via PowerPoint slideshow on a com-

puter screen in the sound booth.

Test Levels

A signal-to-noise ratio (SNR) in the sound field test

environment was set to125-dB SNR, which was consis-

tent with Jorgensen et al (2016), and to simulate a fa-

vorable listening environment. The test items (signal)

were presented at 60 dB(A), representative of conversa-
tional level speech, and the multitalker babble (noise)

was presented at 35 dB(A), or typical noise levels in a

quiet room.

Test Scoring

Audio recordings of all sessions were used to confirm

responses after the study appointment. Responses for
all participants were scored based on their first or

self-corrected response according to the instructions

provided on the original MMSE as a score out of 30

points. Participants were not informed of their errors

during testing and mistakes were not corrected. Scores

were categorized and interpreted based on the cutoff

values provided by Mungas (1991) (see Table 1). Scores

were not adjusted for education level because all of the

Figure 1. Average audiometric thresholds for case and control participants (error bars represent one SD) before simulation of audibility
loss. After simulation of audibility loss, thresholds for case and control participants were identical.
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participants had at least a high school education. Par-

ticipants were unaware of the goal of the testing until

the end of the study appointment.

RESULTS

Alldatawere analyzed using SAS 9.4 (Cary, NC). An
alpha of 0.05 was established a priori for the sta-

tistical analyses. Analyses were conducted for within-

and between-group differences.

QuickSIN

The QuickSIN was administered to all participants

to quantify SNR loss. QuickSIN scores were calculated
following the scoring procedures provided by Etymotic

Research (2001). Mean SNR loss was 7.95-dB SNR

(SD 5 5.79; median 5 6.25; minimum 5 0.5; maximum 5

20) for case participants and 0.68-dB SNR (SD 5 1.15;

median 5 1.0; minimum 5 21.5; maximum 5 3.0) for

control participants. As expected, QuickSIN scores for

the case participants were higher (i.e., required a greater

SNR) than those for the control participants. QuickSIN
score was a significant covariate and was adjusted for in

the analysis (F 5 16.68, p 5 0.0003).

Effect of Reduced Audibility on MMSE Score

A linear mixed model, which allowed for assessment

of possible confounding variables and/or effectmodifiers

and accounted for correlation among the matched case
and control participants, was used to analyzed differ-

ences in MMSE scores among both groups of partici-

pants. Mean MMSE scores for the case participants

and control participants are shown in Table 2 and

Figure 2.

There were no statistically significant differences in

MMSE scores between the case and control partici-

pants, indicating that audibility is the primary expla-
nation for the observed decrease in MMSE scores.

Education level was the only significant effect modifier

in the relationship between the case and control partic-

ipants and MMSE score (F 5 9.05, p 5 0.0070), so

MMSE scores among case and control participants were

stratified by education level (less than a bachelor’s de-
gree; a bachelor’s degree or higher). Among individuals

with less than a bachelor’s degree, case participants

scored 12.0 points [t 5 24.30, 95% confidence interval

(CI): 6.0, 18.0, p 5 0.0007] lower on the MMSE com-

pared with control participants. Among participants

with a bachelor’s degree or higher, there was no signif-

icant difference in MMSE score for both groups (t 5

0.91, p 5 0.3709). Figure 3 shows mean MMSE scores
for each group by education level.

Figure 4 illustrates the relationship between the

MoCA score and the MMSE score among case and con-

trol participants. Performance on theMoCAwas not as-

sociated with the MMSE score for the case participants

(b5 1.84, b 95%CI:21.19, 4.88, t5 1.24, p5 0.2247) or

the control participants (b 5 20.87, b 95% CI: 23.71,

1.96, t 5 20.63, p 5 0.5328). Across groups, MoCA
performance was not associated with MMSE score

(b 5 0.74, b 95% CI: 21.03, 2.52, t 5 0.84, p 5

0.4062).

High-frequency pure-tone average was calculated

based on the better-ear thresholds at 1000, 2000, and

4000 Hz. MMSE scores decreased one point (95% CI:

0.06, 1.9) for every 10-dB increase in the high-frequency

pure-tone average (b 5 20.10, t 5 2.08, p 5 0.0416).
MMSE scores were interpreted (based on Mungas,

1991) for both groups using the severity categories pro-

vided in Table 1 as normal, mild, moderate, or severe

impairment. Even though all participants had MoCA

scores that were within normal limits at the time of en-

rollment, participants in both groups had scores on the

MMSE that were classified as either mild, moderate, or

severe cognitive impairment (see Figure 5), suggesting
that audibility loss alone may result in erroneous clas-

sification of cognitive status.

DISCUSSION

Although it was hypothesized that age and distor-

tional factors would result in worse performance

among case participants than control participants,

there were no significant differences between the two

groups of participants. The present study was based
on the work by Jorgensen et al (2016), which found

an association between reduced audibility and poor

MMSE scores in young adults with normal hearing.

Table 2. Descriptive Statistics for MMSE Scores Obtained by Study Participants

N Mean SD Median Minimum Maximum

Case participants 30 21.9 8.3 25.5 1.0 30.0

Control participants 30 24.3 8.2 28.0 1.0 30.0

Table 1. MMSE Score Interpretation (Mungas, 1991)

MMSE Score Ranges Interpretation

25–30 Normal

21–24 Mild impairment

10–20 Moderate impairment

0–9 Severe impairment
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Jorgensen et al (2016) selected young adults to control

for aging effects on the auditory system but noted that
older adults with hearing lossmay not have similar per-

formance as the young adults because of these aging ef-

fects. The present study addressed this need through

comparisons of performance on the MMSE for young

adults with normal hearing and older adults with

SNHL. Based on the findings, decreases in performance

on the MMSE were primarily the result of reduced au-

dibility and its effect on understanding of the test items.
Based on the QuickSIN scores of each group, any group

differences, if present, would not be adequately ex-

plained by SNR loss. This absence may be attributed

to the 125-dB SNR used in this study, which did not
sufficiently assess the participants’ ability to distin-

guish speech in noise.

Cognitive screening tests, ideally, should be free from

biases related to age, gender, socioeconomic status, cul-

ture, and education, but previous research has shown

that poorer scores on cognitive screening tests are asso-

ciated with older age and lower levels of education

(Ganguli et al, 2010). This bias can ultimately
impact the interpretation of test results in the elderly

or in populations that have lower levels of educational

Figure 2. Comparison of mean MMSE scores by group (error bars represent one SD).

Figure 3. Comparison of mean MMSE scores by group and education level (error bars represent one SD).
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attainment. For example, providers may find interpre-
tation a challenge if that patient is olderwith less than a

high school education, even before considering the po-

tential impact of a patient’s hearing loss.

Participants who had higher levels of educational at-

tainment had greater scores on the MMSE than partic-

ipants with lower levels of education. This difference in

MMSE score by education level may be explained by the

highly educated participants’ use of context when lis-
tening to the MMSE test items. Those with lower levels

of educational attainment may not have efficiently used

context cues from the MMSE test items, which could

contribute to difficulties in speech understanding be-

yond those associated with loss of audibility. Therefore,

higher levels of education may be able to partially com-

pensate for any information degraded by SNHL.

Despite all participants in the study scoring within
normal limits on the MoCA, more than one-third of par-

ticipants in the study had scores that would be inter-

preted as below normal on the MMSE. Fourteen case

participants had MMSE scores that were categorized

as mild, moderate, or severe impairment. For the con-

trol participants, eight participants had scores below

normal. In both groups, individuals with actual and

simulated hearing loss appeared to have a cognitive im-

pairment. This finding underscores the need to confirm
audibility before administering cognitive screening

tests as those with cognition within normal limits

may have artificially low scores on the MMSE solely

because of reduced audibility. Audibility should always

be confirmed or amplification provided before adminis-

tering a cognitive screening test. If the cutoff values for

highly educated adults were used (as recommended by

O’Bryant et al [2008]), an additional six participants
(five case participants and one control participant)

would have scores that would be categorized as below

normal. In this instance, highly educated adults would

be incorrectly classified and diagnosed with at least a

mild cognitive impairment solely because of reduced au-

dibility of test questions. In the elderly and those with

either low or very high levels of education, accurate

interpretation and timely diagnosis is of even greater
significance.

Biases toward lower levels of education are known

limitations of the MMSE. Within-group analyses

revealed that education was a significant effect modifier

for the case participants, but this effect was not ob-

served for the control participants. This difference sug-

gests that biases toward lower levels of education

may be more apparent if older adults are not using

Figure 4. Relationship between performance on the MoCA and MMSE by group.
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amplification. It is reasonable to expect that patients
with lower levels of education are also less likely to have

access to hearing health care, which increases the likeli-

hood that these patients may be overdiagnosed with

cognitive impairment (Barnett et al, 2017; Chan

et al, 2017).

Health-care providers who administer cognitive

screening tests may be unaware of the interaction of

hearing loss and cognitive decline or be trained to rec-
ognize signs of hearing loss, which can lead to misdi-

agnosis and/or artificially low scores on cognitive

screening tests. Within the medical community, hear-

ing loss has not been commonly considered a factor

when communicating with older patients. Cohen

et al’s (2017) review found that only 16 of the 67 arti-

cles stated hearing loss as an important consideration

for patient–doctor communication. These findings
are surprising and unexpected because of the empha-

sis on effective communication and its role in the

physician–patient relationship. Hearing loss, a barrier

to successful and effective communication, is highly

prevalent in older adults but was not a major consid-

eration for providers. Audiologists can collaborate

with physicians to advocate for early identification

and appropriate management of hearing loss to increase
awareness of the signs of sensory impairment in themed-

ical community. Providers who are aware of the impact of

hearing loss on communication may make appropri-
ate referrals to audiologists and suggest ways to

improve communication with patients, which ulti-

mately contributes to better quality-of-care measures

and communication. Diagnostic errors can be avoided

through effective communication between the patient

and provider.

Early diagnosis of cognitive disorders, such as de-

mentia, is imperative for beginning intervention, rec-
ommending treatment, and reducing patient and

caregiver burden over time. Interpretation of scores

on cognitive screening tests is used as the basis for

establishing baseline function and initiating interven-

tion, in addition to patient and caregiver report. The

provider must interpret and categorize the score as

normal or abnormal, and, if abnormal, determine

the severity of the impairment. The present study
demonstrated that some individuals had scores that

were considered below normal limits solely on the ba-

sis of reduced audibility. This finding indicates that,

if not considered by the provider, a patient could bemis-

diagnosed with a cognitive impairment based on

the erroneous interpretation of the test score and

may then be referred unnecessarily, undergo addi-

tional testing, and inappropriate recommendations
for interventions and/or medication. This study,

along with Jorgensen et al (2016), demonstrated that

Figure 5. MMSE score interpretation by group.
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performance on the MMSE can be adversely affected by

the loss of audibility. Therefore, the diagnostic accu-

racy of the MMSE should be examined for administra-

tion to older patients with hearing loss. Misdiagnoses
of dementia have been shown to cause increased ex-

penses and harm to the patient, as well as greater care-

giver burden (Graber et al, 2005; Gandhi et al, 2006;

Singh et al, 2006).

Misdiagnosis and medical errors may also be due to

poor provider–patient communication (Lingard et al,

2004). In a survey of patients who were deaf or hard

of hearing, participants reported concerns regarding
medications and procedures because of inadequate com-

munication (Iezzoni et al, 2004). It was recommended

that providers ask patients about their preferred mode

to avoid miscommunication (Iezzoni et al, 2003). Pa-

tients who talk with their physician about their hearing

are more likely to have an audiologic evolution (Nash

et al, 2013), highlighting the importance of the primary

care physician’s role in the initial access to hearing
health care.

Lastly, as most cognitive screening tests are admin-

istered verbally, hearing loss may compromise the

comprehension of the test items, impacting perfor-

mance and score on a cognitive screening test. Earlier

research, including the present study, has provided

evidence of the negative impact of audibility on cogni-

tive screening scores. To address concerns of this im-
pact of hearing loss on cognitive screening test scores,

Uhlmann et al (1989) suggested the use of a written

version of the MMSE. The written version of the

MMSE was administered to patients with dementia

with and without hearing loss. However, the patients

with dementia and hearing loss had poorer scores on

the written version of the MMSE compared with pa-

tients with normal hearing, further emphasizing the
negative effect of hearing loss on cognitive screening

test administration and scores.

CONCLUSION

The present study examined the distortion associ-

ated with aging in the auditory system on cognitive

screening test (MMSE) scores in older adults with hear-
ing loss and young adults with normal hearing. Al-

though there were no between-group differences,

MMSE scores were negatively impacted by reduced au-

dibility, leading to erroneous interpretation of test

scores in cognitively intact individuals. Biases toward

lower levels of education were also demonstrated, high-

lighting the need to further advocate and include am-

plification for older adults who have lower levels of
educational attainment. Providers should be aware of

the signs of age-related hearing loss and be able to dis-

tinguish these signs from those of cognitive decline. Au-

dibility should always be optimized through the use of

hearing aids and/or a personal listening device and con-

firmed to improve communication so that sensory

changes, such as hearing loss, do not negatively im-

pact performance on cognitive screening tests, thereby
reducing the risk of delayed or incorrect diagnosis of a

cognitive disorder.
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