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INTRODUCTION
Aging is one of the factors that significantly influences the development of sensorineural hearing loss (HL) (S-HL). As the world’s 
population continues to live longer, preventing S-HL while maintaining and restoring hearing is expected to become increasingly 
critical to people’s good health and well-being. Along these lines, there is increasing evidence to support a link between healthy 
hearing and healthy aging [1-4]. In fact, many older adults experience difficulty understanding speech, especially in demanding 
listening conditions, although they can hear speech sounds. There are large individual differences in speech discrimination ability 
among older adults. Speech discrimination abilities have long been considered affected by peripheral, central auditory, and cogni-
tive systems [5, 6], and the maximum speech discrimination score (SDSmax) derived from speech audiometry findings decreases with 
the progression of age-related S-HL due to age-related neuronal degeneration [7]. In a clinical setting, speech discrimination tests 
are indispensable for the evaluation of the type of HL and the regions of functional decline in auditory pathways. Moreover, speech 
audiometry can help validate the impact of intervention with hearing aids and facilitate the audiological rehabilitation of elderly 
adults. However, the underlying mechanisms, characteristics, and clinical implications of speech understanding are still not fully 
understood.

Of note, while the majority of elderly patients may experience age-related S-HL, a subset of elderly individuals might exhibit mixed 
HL (M-HL), which is caused by a combination of conductive damage to the outer or middle ear and sensorineural damage to 
the inner ear or central auditory system [8]. Sensorineural damage often leads to difficulties in understanding the speech of other 
individuals, even if the volume level of the speech is adequately high. Conversely, conductive damage allows the affected indi-
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vidual to understand the speech of other individuals if the volume 
is adequately high and the background noise is kept at a minimum. 
However, the relationship between M-HL and speech discrimination 
ability has received relatively limited attention because of the com-
plexity of M-HL and age-related hearing impairment. Moreover, it is 
not clear whether the decrease in auditory activity due to the con-
ductive component of M-HL affects the speech discrimination ability.

Accordingly, the aim of the present study was to investigate the in-
fluence of decreased auditory activity due to the conductive compo-
nent of M-HL on the speech discrimination ability and to compare 
the SDSmax in this context with that of patients showing S-HL with 
a similar age and bone conduction (BC) threshold. Furthermore, to 
confirm whether the conductive component of M-HL can cause pe-
ripheral damage to the auditory system, we conducted a short-incre-
ment sensitivity index (SISI) test to assess the presence of a cochlear 
lesion.

MATERIALS AND METHODS

Ethical Considerations
The study protocol (B19-141) was approved by the institutional re-
view board at Kitasato University Hospital. The requirement for in-
dividual  informed consent was formally waived by the institutional 
review board at Kitasato University Hospital.

Patients
We retrospectively reviewed the medical records of patients with sus-
pected HL who underwent pure-tone audiometry, speech audiome-
try, and SISI testing at Kitasato University Hospital in 2017 and 2018. 
Patients with fluctuating or progressive HL, those aged younger than 
17 years old, those showing obvious neurological impairment, and 
those with a history of ear surgery were excluded.

Classification of Patients According to Hearing Function
Pure-tone audiometry was performed using a conventional device 
(AA-78; Rion, Tokyo, Japan) in a soundproof room. First, the hearing 
thresholds were obtained through air-conduction (AC) and BC at fre-
quencies of 0.5, 1, 2, and 4 Hz for both ears. To prevent a cross-hearing 
phenomenon from causing an erroneous measurement result, mask-
ing noise was used to occupy the ear not under test while evaluating 
the other one, if necessary. Briefly, to measure the AC threshold, the 
necessity of masking was analyzed based on a minimum interaural 
attenuation level of 40 dB for retesting through AC. To measure the 
BC threshold, a masking process was applied using ABC methods [9]. 

Thresholds were obtained across all frequency octaves from 0.5 to 
4 kHz, and the arithmetic average AC and BC thresholds were cal-
culated from the thresholds at 0.5, 1, 2, and 4 kHz. Patients with an 
average BC threshold of more than 50 dB of HL were excluded, while 
the remaining patients were divided into the following four groups: 
the no HL (N-HL) group, having BC threshold of less than 25 dB of HL 
and air–bone (AB) gap of less than 20 dB of HL; the conductive HL 
(C-HL) group, having a BC threshold of less than 25 dB of HL and AB 
gap of 20 dB or greater of HL; the S-HL group, having a BC threshold 
of 25 dB or greater of HL and AB gap of less than 20 dB of HL; and the 
M-HL group, having a BC threshold of 25 dB or greater of HL and AB 
gap of 20 dB or greater of HL. Patient details are presented in Figure 
1 and Table 1.

Speech Audiometry
Speech audiometry was performed using the AA-78 audiometer in 
a soundproof room. For calculating the SDSmax, we used a Japanese 
monosyllabic word list (67-S) including 20 Japanese monosyllables de-
veloped by the Japan Audiological Society [10]. Briefly, the word stimuli 
were initially presented at a 40 to 50 dB above the average pure-tone 
threshold. Subsequently, the HL was altered in 10-dB steps until the 
maximum percentage of correct answers was obtained at a sound lev-
el not exceeding 100 dB. The order of test stimuli for each sound level 
was randomly arranged. The maximum percentage of correct answers 
for stimuli at a minimum SPL was defined as the SDSmax. Patients at-
taining the SDSmax at a sound level of 100 dB were excluded because a 
better SDSmax might be achieved at a sound level of more than 100 dB.

SISI Test
The SISI test was performed to measure the ability of an individual to 
detect 1 dB increase of intensity modulation in a 20-dB of suprath-
reshold tone at frequencies of 1 and 4 kHz. The rate of identification 
of 20 such increments was calculated. A SISI test score of 70% or high-
er represents positivity for recruitment, thus indicating the presence 
of a cochlear lesion.

Statistical Analysis
Study data are presented as means ± standard errors. The correlations 
of SDSmax with age and BC threshold were calculated using linear re-
gression and Pearson’s correlation. Nonparametric Mann–Whitney U 
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Figure 1. Selection of the study population. 
BC: bone conduction; C-HL: conductive hearing loss; M-HL: mixed hearing loss; N-HL: no 
hearing loss; S-HL: sensorineural hearing loss.

• Decrease of auditory activity due to the conductive compo-
nent of mixed hearing loss may worsen speech discrimina-
tion ability.

• Conductive component of mixed hearing loss in elderly 
individuals may not only obstruct sound transmission but 
also accelerate age-related neuronal impairment.

• Early treatment of mixed hearing loss would be desirable 
for the preservation of auditory function.

MAIN POINTS



tests were applied to investigate continuous variable prognostic fac-
tors. For comparing between more than two groups, a one-way anal-
ysis of variance (ANOVA) was used and Tukey’s post-hoc test used 
to correct for multiple comparisons. The parameters that were sta-
tistically significant in the univariate analysis were incorporated in a 
binary logistic regression analysis for multivariate analysis. Statistical 
analysis was performed using GraphPad Prism (GraphPad Software 
Inc., La Jolla, CA, USA) or JMP 14.2 (SAS Institute, Cary, NC, USA). A p 
less than 0.05 was considered to be statistically significant.

RESULTS
In total, 149 patients and 224 ears were considered eligible for in-
clusion in this study. The clinical features of the patients in the four 
groups are presented in Table 1. Of the 224 ears, 96 belonged to the 
N-HL group, five belonged to the C-HL group, 117 belonged to the 
S-HL group, and six belonged to the M-HL group. C-HL was caused 
by cholesteatoma (one ear), ossicular malformations (two ears), or 
an unknown reason (two ears), while the conductive component of 
M-HL was caused by cholesteatoma (one ear), chronic otitis media 
(two ears), otitis media with effusion (one ear), otosclerosis (one ear), 
or an unknown reason (one ear). Among the four groups, significant 
differences were observed in terms of average age (one-way ANOVA, 
F (3,220)=11.32; p<0.0001) (Table 1) and BC thresholds (one-way ANO-
VA, F (3,220)=213.0; p<0.0001) (Table 1). The average age of patients in 
the S-HL and M-HL groups was greater than 50 years, and these pa-

tients were generally older than those in the N-HL and C-HL groups 
(N-HL vs. C-HL: p=0.17; N-HL vs. S-HL: p=0.0002; N-HL vs. M-HL: 
p=0.003; C-HL vs. S-HL: p=0.005; C-HL vs. M-HL: p=0.0005; S-HL vs. 
M-HL: p=0.15; all determined by Tukey’s post-hoc test). In addition, 
BC thresholds in the S-HL and M-HL groups were higher than those 
in the N-HL and C-HL groups due to age-related sensorineural dam-
age (N-HL vs. C-HL: p=0.99; N-HL vs. S-HL: p<0.0001; N-HL vs. M-HL: 
p<0.0001; C-HL vs. S-HL: p<0.0001; C-HL vs. M-HL: p<0.0001; S-HL vs. 
M-HL: p=0.25; all determined by Tukey’s post-hoc test). Furthermore, 
the SDSmax was lower in the S-HL and M-HL groups than in the N-HL 
and C-HL groups and showed a significant negative correlation with 
age (r=−0.29; p<0.0001 by Pearson’s correlation) and BC threshold 
(r=−0.55; p<0.0001 by Pearson’s correlation) (Figure 2). Therefore, 
for the investigation of the effects of the conductive component of 
HL on SDSmax, it was necessary to correct for the negative correlation 
with age and BC threshold prior to pursuing comparisons between 
the N-HL and C-HL groups or the S-HL and M-HL groups. Thus, each 
group was further divided into younger (<50 years) and older (≥ 50 
years) age groups for correction of the effect of age.

First, to investigate the influence of C-HL on speech discrimination 
ability in younger patients, we compared the SDSmax between the 
younger patients in the N-HL group and those in the C-HL group (Table 
2). These two groups had similar ages (N-HL: 38.6±1.3 years vs. C-HL: 
34.2±2.1 years; p=0.16) and BC thresholds (N-HL: 12.1±0.9 vs. C-HL: 
13.5±2.0; p=0.41), while the AC threshold and AB gap in the C-HL group 
were significantly higher than those in the N-HL group (AC: 44.8±2.8 
vs. 15.0±1.0 and AB gap: 31.3±2.6 vs. 3.0±0.5; p<0.0001 for both). The 
SDSmax in both groups was almost 100% (97.7±0.3 vs. 97.0±1.2), with 
no significant difference noted between the groups (p=0.66), although 
the sound intensity obtained the SDSmax was significantly higher in the 
C-HL group than in the N-HL group (78.0±2.0 vs. 49.8±1.2; p<0.0001).

Next, we investigated whether the conductive component of M-HL 
accelerates the decrease in SDSmax by comparing older patients in 
the M-HL group with those in the S-HL group (Table 3). Both groups 
had similar ages (S-HL: 69.2±0.9 vs. M-HL: 73.8±2.0; p=0.11) and BC 
thresholds (S-HL: 35.8±0.7 vs. M-HL: 40.6±2.3; p=0.14), although the 
AC threshold and AB gap were significantly higher in the M-HL group 
than in the S-HL group (AC: 65.8±4.8 vs. 42.2±0.9 and AB gap: 25.2±3.5 
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Figure 2. a, b. SDSmax presented a significant negative correlation with age (a) and BC threshold (b). 
BC: bone conduction; SDSmax: maximum speech discrimination score.

a b

 N-HL C-HL S-HL M-HL 
 (n=96) (n=5) (n=117) (n=6)

Age (years) (min–max) 49.7±1.6 34.2±2.1 59.2±1.6 73.8±2.0 
 (18-83) (28-41) (19-83) (65-79)

BC threshold (dB HL) 13.0±0.7 13.5±2.0 35.4±0.6 40.6±2.3

AC threshold (dB HL) 17.8±0.9 44.8±2.8 41.7±0.8 65.8±4.8

AB gap (dB HL) 4.8±0.6 31.2±0.6 6.3±0.6 25.2±3.5

SDSmax (%) 96.7±0.4 97.0±1.2 85.9±1.3 70.8±7.1

AB: air–bone; AC: air-conduction; BC: bone conduction; C-HL: conductive hearing loss; 
M-HL: mixed hearing loss; N-HL: no hearing loss; SDSmax: maximum speech discrimination 
score; S-HL: sensorineural hearing loss.

Table 1. Clinical characteristics of patients with different types of HL



vs. 6.4±0.5; p<0.0001). SISI testing revealed positivity for recruitment 
in more than 80% of patients in both groups, with no significant dif-
ference seen between the two groups (S-HL: 84.3% vs. M-HL: 83.3%; 
p>0.99), supporting that the conductive component of M-HL has no 
significant impact on the peripheral cochlear region. SDSmax was sig-
nificantly lower in the M-HL group than in the S-HL group (70.8±7.1 vs. 
85.9±1.3; p=0.02), even though age, and BC threshold were similar. The 
SDSmax related to sound intensity was significantly higher in the M-HL 
group than in the S-HL group (85.0±2.2 vs. 75.4±1.3; p=0.025). Further-
more, age, BC threshold, and SDSmax were included in the multivariate 
analysis, which revealed that SDSmax (p=0.03) was significantly lower in 
the M-HL group than in the S-HL group.

DISCUSSION
In the present study, we found that the conductive component of 
M-HL could worsen age-related hearing impairment and speech dis-
crimination ability among older patients.

The conductive component of HL is characterized by the reduced 
efficiency of sound transmission through the external and middle 
ear and generally involves a decrease in sound intensity levels or the 

ability to hear faint sounds. Thus far, the consensus has been that 
pure C-HL does not affect the SDSmax if the sound intensity of speech 
is adequately high, whereas S-HL with cochlear lesions results in de-
creased SDSmax 

[11, 12]. This is consistent with our results, which showed 
that the SDSmax among patients with C-HL was similar to that of pa-
tients with N-HL, whereas patients with S-HL showed a lower SDSmax 
relative to that of those with N-HL (Table 1).

The influence of the conductive component of M-HL on SDSmax, how-
ever, has received less attention. We found that the conductive com-
ponent of M-HL resulted in a lower SDSmax than that of S-HL, even 
though age and BC threshold were comparable between the two 
groups. Considering that SDSmax reflects both central and peripheral 
auditory function, the conductive component of M-HL in elderly indi-
viduals may not only obstruct sound transmission but also accelerate 
age-related neuronal damage.

Consistent with our results, previous studies have suggested that 
chronic C-HL leads to cochlear degeneration and sensorineural dam-
age [13]. The mechanisms underlying cochlear degeneration follow-
ing C-HL are not well known and further investigation is necessary 
before the effects of cochlear degeneration can be integrated into 
the C-HL management protocols in the clinic. In contrast, SISI test-
ing revealed no significant difference of positivity for recruitment, 
thereby indicating the presence of a cochlear lesion, between the 
S-HL and M-HL groups. Therefore, this result might indicate that the 
conductive component of M-HL does not accelerate a cochlear le-
sion, which is peripheral damage to the auditory system. Other inves-
tigators have also argued that long-term C-HL may cause irreversible 
changes in both the anatomical and functional integrity of central 
auditory structures such as changes in the relative size of dendrites in 
the subcortical nuclei or synaptic and spike adaptation disruptions in 
the auditory cortex [14]. Taken together, decreases in auditory activity 
due to the conductive component of HL can affect auditory function. 
Applying fundamental treatment to address the conductive compo-
nent of M-HL is considered desirable for the prevention of cochle-
ar degeneration and the preservation of auditory function, hearing 
quality, and speech discrimination ability. Further studies should 
work to elucidate changes in the auditory pathways following the 
development of M-HL in elderly individuals.

Treatment strategies and surgical indications for HL are very import-
ant in elderly patients. Because presbycusis is an S-HL that cannot be 
surgically addressed, the most commonly used devices for treating 
presbycusis are hearing aids and cochlear implants [15]. In contrast, 
surgical treatment for the conductive component of M-HL may help 
to reduce the severity of HL, although the underlying sensorineural 
component will remain. Therefore, treatment for M-HL includes a 
combination of initial interventions, such as medication or surgery, 
followed by the placement of hearing aids for correction of the re-
sidual HL. Notably, it is often very difficult to make surgical decisions 
among elderly patients because of a variety of reasons. First, these 
patients are very likely to have tympanosclerosis and an increased BC 
threshold probably caused by long-lasting chronic inflammation. As 
a result, some otolaryngologists may hesitate in recommending elec-
tive surgery to this population and generally may select less-aggres-
sive treatments for elderly patients with M-HL than for their younger 
counterparts. However, most elderly patients with M-HL and positive 
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 N-HL (n=53) C-HL (n=5) p

Age (years) 38.6±1.3 34.2±2.1 0.16

BC threshold (dB HL) 12.1±0.9 13.5±2.0 0.41

AC threshold (dB HL) 15.0±1.0 44.8±2.8 <0.0001**

AB gap (dB HL) 3.0±0.5 31.3±2.6 <0.0001**

SDSmax (%) 97.7±0.3 97.0±1.2 0.66

Sound intensity (dB HL)  49.8±1.2 78.0±2.0 <0.0001** 
obtained SDSmax 

**Significant difference between groups.
AB: air–bone; AC: air-conduction; BC: bone conduction; C-HL: conductive hearing loss; 
N-HL: no hearing loss; SDSmax: maximum speech discrimination score; SPL: sound pressure 
level.

Table 2. Clinical characteristics of younger patients (<50 years old) with 
N-HL or C-HL

 S-HL M-HL Univariate  Multivariate

 (n=76) (n=6) p p SE OR

Age (years) 69.2±0.9 73.8±2.0 0.11 0.17 0.10 0.87

BC threshold (dB HL) 35.8±0.7 40.6±2.3 0.14 0.93 0.09 0.99

AC threshold (dB HL) 42.2±0.9 65.8±4.8 <0.0001**   

AB gap (dB HL) 6.4±0.5 25.2±3.5 <0.0001**   

SISI test (% positive) 84.3 83.3 >0.99   

SDSmax (%) 85.9±1.3 70.8±7.1 0.02* 0.03* 0.04 1.09

Sound intensity (dB HL)  75.4±1.3 85.0±2.2 0.02*   
obtained SDSmax 

*, ** Significant difference between groups.
AB: air–bone; AC: air-conduction; BC: bone conduction; OR: odds ratio; M-HL: mixed hear-
ing loss; SDSmax: maximum speech discrimination score; SE: standard error; SISI: short-in-
crement sensitivity index; S-HL: sensorineural hearing loss; SPL: sound pressure level.

Table 3. Clinical characteristics of older patients (≥50 years old) with S-HL 
or M-HL



findings on the SISI test, which indicate the presence of a cochlear 
lesion, might experience difficulty in being fitted for hearing aids be-
cause of the recruitment phenomenon (abnormal loudness growth). 
Moreover, hearing aids are not necessarily powerful tools for the 
treatment of M-HL accompanied by a low SDSmax. Therefore, if the 
patient’s general condition is stable, fundamental surgical treatment 
for the conductive component of M-HL should be considered first in 
order to preserve the speech discrimination ability and improve the 
hearing-related quality of life. This is consistent with previous reports 
documenting that there is no strong evidence for withholding sur-
gery for chronic otitis media based on the assumption that elderly 
patients do not show good outcomes or have a high surgical risk 
[16]. A minimally invasive and safe surgical approach is preferable for 
elderly patients. Several tools or therapies have recently been intro-
duced for this purpose, including endoscopic ear surgery and vibrant 
sound bridges.

The findings of this study have clinical implications that are significant 
in terms of the understanding and management of elderly individu-
als with M-HL. Although the mechanisms underlying hearing impair-
ment following M-HL are not well known, effects of conductive com-
ponent mixed with sensorineural component need to be considered 
in the management of chronic C-HL in the clinic. However, this study 
has some limitations. First, the disease duration of patients with M-HL 
is not clear. SDSmax might be progressively decreased as the disease 
duration of the conductive component of HL increases. Our results 
showed that the SDSmax of the younger C-HL group was almost 100%, 
with no significant difference relative to that of the N-HL group, while 
the SDSmax was significantly lower in the older M-HL group than in 
the S-HL group, suggesting that the older M-HL group had longer 
disease duration than the younger C-HL group. Second, in this study, 
patients obtaining an SDSmax at a sound level of 100 dB, which was 
maximum output of sound intensity in our clinical setting. were ex-
cluded because they might achieve a better SDSmax at a sound level of 
more than 100 dB. Therefore, further study is necessary to determine 
the influence of disease duration of M-HL on SDSmax and ascertain the 
SDSmax of the M-HL group at a sound level higher than 100 dB. Finally, 
in performing the current research, we conducted a single-hospital, 
retrospective study, and the sample size of this study was relative-
ly small. Further multicenter studies are necessary involving larger 
populations.

CONCLUSION
Our findings suggest that a decrease in auditory activity due to the 
conductive component of M-HL worsens age-related hearing impair-
ment and speech discrimination ability in elderly patients. Therefore, 
the early comprehensive treatment of the conductive component of 
M-HL is desirable for the preservation of speech discrimination abili-
ty and auditory function.
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