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Relationship between hearing thresholds
and cognitive function in hearing aid non-
users and long-term users post-midlife
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Takanori Nishiyama 1,2, Tomomi Kimizuka1,2, Chinatsu Kataoka1,2, Mami Tazoe1,2, Yasunori Sato3,
Makoto Hosoya1,2, Marie N. Shimanuki1,2, Takeshi Wakabayashi1, Masafumi Ueno1,2, Hiroyuki Ozawa1 &
Naoki Oishi1,2

The extent of hearing loss requiring hearing aid (HA) to prevent cognitive decline is unclear; we
assessed this post-midlife along with the relationship between hearing thresholds and cognitive
function in those who had never used HA (non-users) or used HAs for >3 years (long-term users). This
study comprised 117 individuals ≥55 years with an average hearing threshold of ≥25 dB HL in their
better ear and 55 of the non-users and 62 of the long-term users. The Mini-Mental State Examination,
the Symbol Digit Modalities Test (SDMT), and pure-tone and sound-field audiometry were assessed.
Mean ± SD hearing levels of the non-user and long-term user group were 40.83 ± 8.16 and
51.13 ± 14.80 dB HL. Non-users showed a significant association (P = 0.01) between the hearing
thresholds andSDMTscores,with a cutoff value of above 38.75 dBHL identified as affecting cognitive
function. There were no significant associations for long-term users.

Recent research suggests that hearing loss is the largest potentially modifi-
able risk factor for dementia in midlife1–3 and is independently associated
with accelerated cognitive decline and incident cognitive impairment in
community-dwelling older adults4. Therefore, hearing loss interventions as
preventive measures against dementia have gained much attention. Age-
related hearing loss is the most common cause of hearing loss and typically
manifests as bilateral sensorineural hearing loss, which predominantly
results from inner ear cell damage5. Mammalian inner ear cells do not
regenerate once damaged6; therefore, hearing aids or cochlear implants play
a central role in treating sensorineural hearing loss. Age itself is also asso-
ciated with cognitive decline7. Several studies on the impact of hearing aids
and cochlear implants on cognitive function have indicated that their use
may correlate with a reduction of the incidence of dementia8–17. However,
the existing studies had certain limitations. First,many studies evaluated the
effects of hearing aids over a follow-up period of only 6 months8,11,18.
Considering that patients require several months to adapt to hearing aids19,
we believe that a 6-month observation period is too short to determine the
influence of hearing aids on cognitive function. Second, since many of the
previous studies donotmentionanydetails regarding adjustment tohearing
aids8–10,13,14,16,18, some patients may not have adjusted well to hearing aids,
despite the overall similarity in their usage patterns. The potential lack of
benefit for patients who do not adjust well to hearing aid use may not have
been considered in these previous studies. Similarly, studies using large

databases have not been able to determine some patient variables, including
adjustment to hearing aids13,14. Furthermore, dementia is expected to be
preventedwhenhearing loss interventions are implemented duringmidlife,
yet studies have predominantly focused on older adults8,10–12,16,18. Recently,
Lin et al.16 reported the results of a 3-year randomized controlled trial on the
effect of hearing aids on 977 participants with hearing impairment and
compared a hearing aid intervention group and a health education group
that did not use hearing aids. They suggested that a hearing intervention
might reduce cognitive changes over a period of 3 years in populations of
older adults at increased risk for cognitive decline. However, all participants
were older than 70 years, and details related to the adjustment of their
hearing aids were unclear.

Few studies have investigated the degree of hearing loss thatmay result
in cognitive decline if left untreated20. Exploring this topic could help
encourage older adults to use hearing aids, thereby improving hearing aid
underutilization.We believe that elucidating this issue is also important for
understanding the level of hearing aid amplification required to exert a
preventive effect on cognitive decline.

The aim of this study was to determine the cutoff hearing threshold
values that may affect cognitive function in people aged ≥55 years with
bilateral average hearing thresholds of ≥25 dB HL at four frequencies (500,
1000, 2000, and 3000Hz). We hypothesized that background factors differ
betweenpatientswhohavenever usedhearing aids and thosewhohave used
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hearing aids for a long time. Therefore, we assessed the two groups to
evaluate the relationship between hearing thresholds, hearing aid use, and
cognitive function.

Results
Participant characteristics
Of the 580 patients who met the hearing criteria (average pure-tone
audiometry hearing [PTA-average] thresholds of >25 dB HL [degree of
hearing loss in decibels] at four frequencies [500, 1000, 2000, and 3000Hz]
bilaterally), 129 consented to cognitive function testing. After excluding 12
patients with a history of intracranial disease or dementia, 117 patients were
included in this study (58 [50%] men; mean [standard deviation (SD)] age
75 [8] years; mean [SD] PTA-average threshold in the better-hearing ear
46.34 [13.19] dBHL). Among the 117 patients, 55were included in the non-
user group and 62 in the long-term user group. A comparison of back-
ground factors between the two groups revealed that the PTA-average
threshold of the long-term user group was significantly higher than that of
the non-user group (P < 0.001); however, there were no other significant
differences, including cognitive function test results (Table 1). The age
ranges of thenon-user and the long-termuser groupswere 55–93 and55–89
years old, respectively. The average (SD) daily use of hearing aids was 11.0
(5.4) h.

Assessment of hearing thresholds, hearing aid usage time,
cognitive function, and age
In both groups, no significant correlation was found between Japanese
version of the Mini-Mental State Examination (MMSE-J) scores and PTA-
average threshold (non-user group: ρ =−0.030;P = 0.83 and long-termuser
group: ρ =−0.054; P = 0.67), whereas there was a significant correlation
between Symbol Digit Modalities Test (SDMT) scores and PTA-average
threshold in the non-user group (ρ =−0.27; P = 0.047). In the long-term
user group, the PTA-average threshold showed no significant correlation
with SDMT scores (ρ =−0.076;P = 0.56), and the sound-field (SF) -average
threshold showed no significant correlation between MMSE-J scores
(ρ =−0.050; P = 0.70) and SDMT scores (ρ =−0.11; P = 0.39) (Figs. 1
and 2). In the long-term user group, there was no significant correlation
between hearing aid usage time and MMSE-J scores (ρ =−0.020; P = 0.88)
or SDMT scores (ρ = 0.084; P = 0.52). Furthermore, no significant correla-
tion was found between hearing aid usage time and aided SF-average
threshold (ρ =−0.006; P = 0.96).

In the non-user group, therewas no significant correlation between age
and PTA-average threshold (ρ =−0.26; P = 0.060). In the long-term user
group, age showed no significant correlation with the PTA-average
threshold (ρ =−0.031; P = 0.81) or SF-average threshold (ρ = 0.20;
P = 0.13). Age was significantly correlated with MMSE-J (non-user group:
ρ =−0.31; P = 0.024 and long-term user group: ρ =−0.47; P < 0.001) and
SDMT scores (non-user group: ρ =−0.61; P < 0.001 and long-term user
group: ρ =−0.70; P < 0.001) in both groups.

Hearing threshold cutoff values for cognitive decline
To estimate the hearing cutoff values that affect the cognitive score, receiver
operating characteristic (ROC) analyses were performed for the PTA-
average threshold of the non-user group, the PTA- and SF-average
thresholds of the long-term user group, and each cognitive test result. In the
non-user group, 13 of 55 patients had anMMSE-J total score of ≤27, and 10
of 55 patients had anSDMTscore of≤27.3%.A significantROCcurve could
not be drawn between PTA-average threshold and MMSE-J scores
(P = 0.50; area under the curve [AUC] = 0.57), although a significant ROC
curve could be drawn between PTA-average threshold and SDMT scores
(P < 0.0010;AUC= 0.79), and the cutoff valueof thePTA-average threshold
affecting the SDMT score was 38.75 dB HL in the non-user group. The
sensitivity, specificity, positive predictive value (PPV), and negative pre-
dictive value (NPV) of this cutoff value were 0.91, 0.57, 0.34, and 0.96,
respectively. In the long-term user group, 12 of 62 patients had anMMSE-J
total score of ≤27, and three of 62 patients had an SDMT score of ≤27.3%.

No significant ROC curves could be drawn between the unaided PTA-
average threshold and MMSE-J scores (P = 0.43; AUC = 0.56) or SDMT
scores (P = 0.95; AUC = 0.49) or between aided SF-average threshold and
MMSE-J scores (P = 0.82; AUC= 0.48) or SDMT scores (P = 0.28; AUC=
0.65), and no significant cutoff values were determined (Figs. 3 and 4).

Discussion
This study focused on determining the hearing threshold cutoff values that
could affect cognitive function in people with hearing loss after midlife. We
hypothesized that the hearing threshold cutoff would differ in patients who
had never used hearing aids and in those who had used hearing aids for a
long time. Therefore, we divided the participants into two groups and
evaluated the relationship between hearing thresholds, use of hearing aids,
and cognitive function.We found a significant negative correlation between
the PTA-average threshold and SDMT scores in the non-user group and no
significant correlation between the PTA- or SF-average threshold and
cognitive function in the long-termuser group.Although the long-termuser
group had a significantly greater PTA-average threshold than the non-user
group, consistent with past findings21,22, cognitive function did not sig-
nificantly differ between the two groups. These results suggest that in a
groupof individualswhohaveneverusedhearingaids, hearing loss is related
to poorer cognitive scores. However, the negative relationship between
hearing loss and cognitive function was mitigated by the long-term use of
hearing aids. This result is consistent with previous findings related to
hearing loss and dementia1,2 and further supports the use of hearing aids for
preventing the progression of dementia8–16,18. Aging is also a factor asso-
ciated with cognitive decline7, and in the present study, both age and
MMSE-J and SDMT scores showed significant correlations. However,
hearing thresholds showedan independent relationshipwith age, suggesting
a different mechanism of cognitive decline than aging. Additionally, no
significant correlation was found betweenMMSE-J scores and PTA- or SF-
average thresholds in either group.AlthoughMMSE-J is an effective tool for
assessing cognitive function in individuals, the simplicity of the test renders
it prone to ceiling effects23–26, which may make it difficult to detect differ-
ences within a given population. Future studies should consider employing
more sensitive assessments that are less prone to ceiling effects, such as the
Montreal Cognitive Assessment23,26.

Although the usage time was based on self-reporting and, therefore,
was less reliable than that evaluated by data logging, no significant corre-
lation was observed between hearing aid usage time and cognitive function.
This suggests that it is not necessarily important to use hearing aids for long
hours to prevent dementia. Instead, it underscores the importance of using
them when needed based on an individual’s lifestyle. However, the mean
duration of hearing aid use among the study participants was 11 h/day,
which was longer than that reported previously16. In other words, partici-
pantshadbeenusinghearing aids for a relatively longerdurationperday as a
group, and the influence of patients who may not have benefited from
hearing aids, such as those who had been using them for an extremely short
duration per day, was relatively small. Moreover, no significant correlation
was observed between the duration of hearing aid use and the SF-average
threshold. Our results are consistent with those of studies reporting that
hearing aid use is not only dependent on its efficacy27.

ROC analyses were performed on PTA- and SF-average threshold and
cognitive function for the non-user and long-term user groups, classified by
the presence of anMMSEscore of≤27 and anSDMTscore of≤27.3%. In the
non-user group, thePTA-average thresholdof 38.75 dBHLwas a significant
cutoff value for SDMT scores. In the long-term user group, there was no
significant cutoff value for the PTA- or SF-average hearing threshold that
could affect cognitive function, regardless of whether participants were
aided or unaided. This suggests the need for active auditory compensation
with hearing aids in participants with a PTA-average threshold of 38.75 dB
HLormore for the prevention of cognitive decline. In this study, 29 of the 55
patients in the non-user group exceeded the PTA-average threshold of
38.75 dB HL, and eight of these 29 patients (27.6%) did not wish to use
hearing aids. These participants had not been informed about the possible
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negative impact of hearing loss on cognitive function at the time of this
study. We believe explaining that hearing aids may reduce the risk of cog-
nitive impairment would help people with hearing loss make informed
decisions about being fitted with hearing aids. In contrast, in the long-term
user group, the cutoff values of thePTA-or SF-average thresholds associated
with a risk of cognitive declinewerenot identified.Aspreviouslymentioned,
the unaided hearing threshold (i.e., PTA-average threshold of the long-term
user group) no longer correlated with cognitive function, possibly because
the negative effects on cognitive function were eliminated by the long-term
use of hearing aids. Regarding the aided hearing threshold (i.e., SF-average
threshold of the long-term user group), 19 of 62 cases (30.6%) exceeded
38.75 dB HL, which was the cutoff value in the non-user group. Of the 43
cases with an aided hearing threshold of 38.75 dB HL or less and 19 cases
with an aided hearing threshold exceeding 38.75 dB HL, seven (16.3%) and

five (26.3%) participants, respectively, had mild cognitive impairment
(MCI) orworse.A trend towardsMCIorworsewas observed inparticipants
with an aidedhearing threshold exceeding 38.75 dBHL, but due to the small
number of participants in this study, the results of larger studies are eagerly
awaited. If the aided hearing threshold exceeds 38.75 dB HL, and com-
munication remains significantly impaired despite appropriate hearing aid
fitting, other treatment options, such as cochlear implants, should be
considered.

This study had some limitations. First, a type of selection bias was
present. All participants were patients who visited a university hospital
in an urban area and agreed to undergo cognitive function testing;
therefore, they may have had higher income and a higher education
level than patients with hearing impairments in rural areas, and they
had a relatively high interest in their health. In addition, hearing aid
usage time was evaluated through participant self-reporting, so bias
cannot be ruled out. This was a cross-sectional study that did not assess
changes in hearing thresholds or cognitive function over time in
patients with and without hearing aids. Patients with hearing impair-
ment and poor cognitive function might have difficulty continuing to
use hearing aids for long periods; therefore, the long-term user group
might be composed of patients with relatively high cognitive function.
We used the average of the 500, 1000, 2000, and 3000 Hz hearing
thresholds as the hearing level in this study. However, to account for
age-related changes, if we used the average of the 500, 1000, 2000, and
4000 Hz hearing thresholds as the hearing level, the cutoff value could
have been somewhat higher. In addition, the number of patients in each
group was relatively small.

In conclusion, amongpatients older than55yearswhohadhearing loss
andhadneverusedhearingaids, a significantnegative correlationwas found
between hearing threshold and cognitive function, and a PTA-average
threshold of 38.75 dB HL was the cutoff value for the possible risk of cog-
nitive decline. However, in patients with hearing loss who had used hearing
aids for more than three years, no significant correlation was observed
between cognitive function and the cutoff values for hearing thresholds that
could be risk factors for cognitive decline. The PTA-average threshold of
≥38.75 dB HLmay be a risk factor for cognitive decline among hearing aid
non-users who are inmidlife and beyond. The long-termuse of hearing aids
may potentially reduce this risk.

Table 1 | Comparison of clinical characteristics of patients in
the non-user and long-term user groups

Characteristic Non-user
group,
mean (SD)

Long-term user
group,
mean (SD)

P-value

Participants, n 55 62 NA

Age, yrs 76 (8) 74 (8) 0.13a

Male sex, n (%) 24 (44) 35 (56) 0.17b

PTA-average threshold,
dB HL

40.83 (8.16) 51.13 (14.80) <0.001a

SF-average threshold,
dB HL

NA 35.04 (9.32) NA

MMSE-J 28 (2) 28 (2) 0.40a

MMSE-J ≤ 27, No. (%) 13 (24) 12 (20) 0.57b

MMSE-J < 24, No. (%) 2 (4) 2 (3) 0.90b

SDMT, % 39 (10) 42 (10) 0.14a

dB HL degree of hearing loss in decibels,MMSE-J Japanese version of the Mini-Mental State
Examination,NA not applicable, PTA pure-tone audiometry, SD standard deviation, SDMT Symbol
Digit Modalities Test, SF sound-field audiometry.
aStatistical analysis is performed using the Mann–Whitney U test.
bStatistical analysis is performed using the χ2 test.
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Methods
Ethical considerations
This cross-sectional, prospective, cohort studywas conducted in accordance
with the Ethical Principles forMedical Research InvolvingHuman Subjects
expressed in the Declaration of Helsinki28 and was approved by the Insti-
tutional Review Board of Keio University School of Medicine (approval
number 20200033). Verbal informed consent was obtained from all parti-
cipants. Written informed consent was not obtained because it is not
required by the Japan Ethical Guidelines for Medical and Health Research
Involving Human Subjects29. Participants were also informed that they
could decline participation at any time and that their data would be deleted

after the study concluded. If the screening results indicated the presence of
dementia, we recommended referral to a dementia treatment specialist
within Keio University Hospital.

Participants
Patients aged ≥55 years who visited Keio University Hospital between
September 2022 and September 2023 were selected for the study. The
inclusion criteria were: average PTA hearing thresholds of >25 dB HL at
four frequencies (500, 1000, 2000, and 3000Hz) bilaterally according to the
American Academy of Otolaryngology-Head and Neck Surgery Founda-
tion (AAO-HNSF) guideline30; no history of hearing aid use, or use of

0

10

20

30

40

50

60

70

80

90

100

0 10 20 30 40 50 60 70 80 90 100 110

0

10

20

30

40

50

60

70

80

90

100

0 10 20 30 40 50 60 70 80 90 100 110

0

10

20

30

40

50

60

70

80

90

100

0 10 20 30 40 50 60 70 80 90 100 110

Hearing thresholds (dBHL)

S
D

M
T

 s
co

re
 (

%
)

non-user group

long-term user group

unaided PTA

long-term user group

aided SF threshold

Fig. 2 | Relationship between hearing thresholds and SDMT. PTA-average for non-users (dots), PTA-average (triangles), and SF-average (squares) for long-term users,
and the approximate straight line for each. dB HL degree of hearing loss in decibels, PTA pure-tone audiometry, SDMT Symbol Digit Modalities Test, SF sound-field.
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hearing aids for >3 years; and agreement to undergo cognitive function
testing. We defined long-term hearing aid use in the current study as using
hearing aids for >3 years. The rationale for this is that we considered that
6 months of hearing aid use was too short a period to habituate to hearing
aids and influence cognitive function;we considered3 years to be a sufficient
period, similar to the observation period in the study by Lin et al.16. All
participantswerenative Japanese. Patientswith intracranial diseases, suchas
head trauma and brain tumors, and those with a previous diagnosis of
dementia were excluded.

Hearing assessment
Audiometric thresholds were measured by experienced audiometric tech-
nicians in a standard sound-attenuated booth using a commercially avail-
able audiometer (Model AA-H1; RION Co., Ltd., Tokyo, Japan). Air
conduction PTA thresholds at eight frequencies (125, 250, 500, 1000, 2000,
3000, 4000, and 8000Hz) were assessed bilaterally using over-ear head-
phones. The average hearing threshold values at 500, 1000, 2000, and
3000Hz were used to calculate the PTA-average threshold. It is also com-
mon practice to consider 4000Hz instead of 3000Hz when evaluating
average hearing thresholds. However, previous reports have indicated that
amplification fromhearing aids is difficult to obtain after 4000 Hz31 and that
amplification in the high frequencies after 4000Hz does not always produce
good results for speech recognition32,33. We believe evaluating hearing
thresholds at 3000Hz is more important when considering hearing aid
amplification. Therefore, we included 3000Hz instead of 4000Hz for
assessing the average of the four frequencies. SF thresholds were measured
to assess aided thresholds using warble tones presented from a loudspeaker
placed 1m from the participant at 0° azimuth to assess six frequencies (250,
500, 1000, 2000, 3000, and 4000Hz). The average of 500, 1000, 2000, and
3000Hz of aided thresholds was considered as the SF-average hearing
threshold. Aided hearing thresholds for binaural hearing aid users were
evaluated one ear at a time, and, if necessary, narrow band noise was pre-
sented to the other ear through headphones to prevent the influence of non-
testing ears. If a hearing threshold of 500, 1000, 2000, or 3000Hz exceeded

110 dB HL, 5 dB was added to the maximum presented sound pressure,
serving as the adjusted hearing threshold.We defined the earwith the better
PTA-average threshold as the better-hearing ear.

Hearing aid adjustment
The participants were divided into two groups: those who had never used a
hearing aid (non-user group) and those who had used hearing aids for >3
years (long-term user group). The long-term hearing aid users were fitted
with hearing aids for 3 months before purchase, and gain adjustment was
performed according to the Utsunomiya method19. After purchasing
hearing aids, the patients visited the clinic approximately every 6months for
hearing follow-up and hearing aid maintenance. Daily hearing aid usage
timewas self-reported since not all the hearing aids had logging capabilities.

Cognitive function assessment
Cognitive function was assessed using the MMSE-J and the SDMT in both
groups. The MMSE-J is a 30-point questionnaire that can assess dis-
orientation and short-term memory. A total score of ≥28 indicates no
cognitive impairment, a score of 24–27 indicates MCI and a score of ≤23
indicates thepresence of severe cognitive impairment34. The SDMT involves
memorization of numbers and corresponding symbols. The SDMT is
reported to be sensitive to very early changes in aspects of mental speed and
attention in Alzheimer’s disease35,36. It assesses the number of accurate
responses, wherein participants write symbols corresponding to the num-
bers given within a 90-s time frame. The SDMT score is divided by 110,
which is the maximum number of questions, and expressed as a
percentage37. In accordance with previous reports, an SDMT score of 27.3%
was considered the cutoff, and findings below this were considered indi-
cative of mild cognitive impairment38,39. Cognitive function tests were
conducted in a private room by a trained psychologist to check reliable
responses from the participants. These tests were administered orally, and
we also provided participants with printed versions of the questions to
ensure their complete understanding. Participants in the long-term user
group were tested in an aided condition.
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Statistical analyses
Wecompared demographic variables (e.g., age, sex, PTA-average threshold,
SF-average threshold, MMSE-J total score, number and proportion of
MMSE-J total score <27 or 24, and SDMT score) between the two study
groups using theMann–WhitneyU test for continuous variables and χ2 tests
for categorical variables. The relationship between PTA-average threshold
and cognitive scores and age in the non-user group, between PTA- and SF-
average thresholds and cognitive test results and age, and between hearing
aid usage time and cognitive test results or SF-average threshold in the long-
term user group were examined using Spearman’s rank correlation coeffi-
cients. We assessed the diagnostic performance of hearing thresholds for
cognitive decline (MMSE-J total score ≤27 or SDMT score ≤27.3%) using
ROCcurves.Analyses includedsensitivity, specificity, PPV,NPV, andAUC.
Subsequently, the Youden index, equal to the sensitivity+ specificity – 1,
was optimized from the ROC curve to determine the cutoff values for the
PTA- and SF-average thresholds. All statistical analyses were performed
using SPSS version 28 (IBM Corporation, Armonk, NY, USA), and a P-
value of <0.05 was considered statistically significant.

Data availability
The data that support the findings of this study are available from the
corresponding author upon reasonable request.
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