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Abstract

:

Background: Hearing loss has been recognized as a risk factor for dementia and non-motor features of Parkinson’s disease (PD). The apolipoprotein E (APOE) protein contributes to maintenance and repair of neuronal cell membranes, causing age-related disorders. This study aimed to analyze the impact of hearing loss on cognitive impairment, PD severity, and APOE gene expression in these patients. Methods: A total of 72 out-patients diagnosed with either PD or hearing loss were enrolled in this study. The hearing assessment included pure-tone audiometry, speech reception thresholds, and speech discrimination ability. Dementia was assessed by filling out the Clinical Dementia Rating and Mini-Mental State Examination questionnaires. The severity of PD was assessed using the Modified Hoehn and Yahr scale. Blood samples were tested for the gene expression of APOE. Results: Out of the 72 cases, there were 44 males and 28 females, with an average age of 64.4 ± 9.1 years. A total of 41 out of 72 cases had dementia and had a worse hearing threshold than those without dementia (47.1 ± 24.4 vs. 31.7 ± 22.1 dB, p = 0.006). A total of 58 patients were diagnosed with PD, with 14 of them classified as having severe symptoms (Modified Hoehn and Yahr scale > 2). Patients with severe PD were found to have a worse hearing threshold (49.6 ± 28.3 vs. 30.3 ± 17.8 dB, p = 0.028) and higher prevalence of dementia (12/14 vs. 18/44, p = 0.006). Among 10 individuals with the APOE ε4 gene, the prevalence of dementia was higher than those without the ε4 allele (9/10 vs. 32/62, p = 0.036). Conclusions: Hearing loss is common in severe PD and in dementia patients. Severe PD has a negative impact on the hearing threshold and cognitive dysfunction. Patients with APOE ε4 have a higher prevalence of dementia.
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1. Introduction


Around 466 million people worldwide have disabling hearing loss, affecting approximately one third of people over 65 years of age [1]. Hearing loss has a negative impact on various aspects of a human’s life, including social isolation, emotional stress, pessimism, amnesia, learning disability, inconvenience, etc. [2]. Hearing loss may impair cognitive function in different ways: increased cognitive load, change in brain structure, and reduced social engagement [3]. Recently, hearing loss has been thought to be linked with cognitive decline and recognized as a risk factor for neurodegenerative diseases, such as dementia and Parkinson’s disease (PD) [3,4,5,6].



Currently, more than 55 million people have dementia worldwide. Every year, there are nearly 10 million new cases [3]. Dementia results from a variety of diseases and injuries that affect the brain. Alzheimer disease is the most common form of dementia and contributes to 60–70% of cases. Other types include vascular dementia, dementia with Lewy bodies (abnormal deposits of protein inside nerve cells), and frontotemporal dementia (degeneration of the frontal lobe of the brain).



PD primarily affects the elderly, with a prevalence of more than 1% in the population above 70 years old. Age is the most important independent risk factor of PD [7,8]. The severity of PD is classified into seven stages, according to the Modified Hoehn and Yahr scale. Younger-age patients tend to have slighter symptoms and earlier stages of PD. Typical symptoms of PD are hand resting tremor, muscle stiffness, bradykinesia, and gait disturbance. Apart from the decline in motor and cognitive functions, it is gaining attention that most PD patients have age-related hearing loss (ARHL, or presbycusis), which is a common non-motor feature of PD [5]. Untreated hearing loss is likely to worsen cognitive dysfunction and to lead to PD dementia [9,10]. However, previous studies lacked information about the severity of hearing loss, dementia, and PD.



The gene encoding apolipoprotein E (APOE) is located on chromosome 19. APOE contains four exons and can translate into a lipoprotein of 299 amino acids, regulating metabolism of lipids [11,12]. This lipoprotein is crucial to maintain and repair neuronal cell membranes, and some of its genetic variants are the strongest genetic risk factors contributing to age-related degenerative disorders, such as dementia, generalized atherosclerosis, and age-related macular degeneration.



Individuals carrying the APOE ε4 allele are at risk of developing Alzheimer’s diseases (AD) as well as other forms of dementia [13,14]. There are six allelic combinations of the gene encoding APOE: ε2/ε2, ε2/ε3, ε2/ε4, ε3/ε3, ε3/ε4, and ε4/ε4. Individuals carrying the APOE ε4 allele have increased risk of developing AD as well as other forms of dementia, including PD dementia and Lewy body dementia [13,14]. Emerging evidence indicates that the APOE genotype may influence the PD course, although clinical and neurochemical correlates have not been completely established. APOE ε4 alleles were more commonly found in PD patients characterized by prominent amyloidopathy and non-motor symptoms. The presence of ε4 leads to more widespread Lewy body brain accumulation, higher amyloid-β-plaque deposition, and α-synuclein pathology. PD patients carrying APOE ε4 were found to have faster cognitive decline and were at higher risk of progression to dementia [14].



This study aimed to analyze the impact of hearing loss on cognitive impairment, PD severity, and APOE gene expression in these patients.




2. Materials and Methods


2.1. Patient Recruitment


We randomly recruited participants diagnosed with either ARHL or PD at our out-patient clinic, including from the otolaryngology and neurology departments. Initial assessment included pure-tone audiometry (PTA), speech reception thresholds, and speech discrimination ability. Relevant dementia questionnaires were filled out, including the Clinical Dementia Rating (CDR) and the Mini-Mental State Examination (MMSE). The severity of PD was assessed using the Modified Hoehn and Yahr scale. Finally, a peripheral-blood sample was collected to analyze the gene expression of APOE.



The inclusion criteria were adult patients (over 20 years old) willing to cooperate and join the study. All included patients were diagnosed with ARHL, dementia, or PD. We excluded patients of pregnancy, breast-feeding, and/or other mental illness that may interfere with the completion of the examinations.



Informed consents were obtained. This study was conducted according to the guidelines laid down in the Declaration of Helsinki, and all procedures involving research study participants were approved by the institutional review board of Chang Gung Medical Foundation (reference number: 202002487B0).




2.2. Assessment Tools


2.2.1. Analyzing APOE Genotype from Peripheral-Blood Samples


Blood samples were collected to establish genotyping for the single-nucleotide polymorphisms (SNPs) rs7412 and rs429358 in APOE (gene map locus 19q13.2) using the PCR SNP genotyping system. Detailed instructions can be found in the user manual of the QIAamp DNA Blood Mini Kit (QIAgen, Hilden, Germany).



To determine the APOE genotype, we used the TaqMan Assay Real-Time PCR and allele-discrimination assays (commercialized by Thermo Fisher Scientific, Waltham, MA, USA). TaqMan probes were used for the SNPs rs429358 (C_3084793_20, 388T>C) and rs7412 (C_904973_10, 526C>T) within APOE exon 4 to detect nucleotide variant T or C. Based on the rs429358/rs7412 combination within the same APOE gene, we determined the following genotypes: ε2 (T/T), ε3 (T/C), and ε4 (C/C). There were six possible allelic combinations: ε2/ε2, ε2/ε3, ε2/ε4, ε3/ε3, ε3/ε4, and ε4/ε4.




2.2.2. Hearing Assessment


PTA was used. Cautions were paid to dementia or PD patients who might have difficulty conducting behavioral hearing examinations due to poor cooperation and intelligence. Because of the out-patient setting, all our participants were able to carry out a complete hearing exam. The hearing threshold was calculated by using the mean threshold at 500 Hz, 1000 Hz, 2000 Hz, and 4000 Hz. According to the 1947 American Medical Association method, the binaural hearing handicap (%) = [(Better ear threshold − 25) × 1.5 × 5 + (worse ear threshold − 25) × 1.5]/6.




2.2.3. Cognitive Function Assessment


The assessment tools were conducted under the guidance of professionals in our out-patient settings, including the CDR Dementia Staging Instrument (scale from 0 = no dementia to 3 = severe cognitive impairment) [15] and the MMSE (measures orientation, attention, memory, language, and visual–spatial skills, scored from 0 to 30; a lower score represents greater cognitive impairment) dementia questionnaires [16].




2.2.4. Staging of Parkinson’s Disease–Modified Hoehn and Yahr Scale


The Modified Hoehn and Yahr stage is a disease-stage rating scale that describes motor deficits in patients with PD (range 1–5, with higher scores indicating more severe motor deficits) [17]. The scale focuses on unilateral vs. bilateral disease and postural reflex impairment and can be used regardless of whether patients are receiving dopaminergic therapy. Severe symptoms are defined with a Modified Hoehn and Yahr scale greater than 2. In this study, the scale was determined by the neurologist Dr. Lin, one of the co-authors, who has more than twenty years of primary-care experience in PD.





2.3. Statistical Analysis


All statistical analyses were performed using the SPSS software (PASW Statistics for Windows, version 21.0; IBM Corp., Armonk, NY, USA). For continuous variables, the data were expressed as mean ± standard deviation. The demographic data of the patients were compared between those with unimpaired hearing and impaired hearing by Student’s (pair) t-test. A p-value < 0.05 was considered statistically significant.





3. Results


3.1. Demographic and Clinical Characteristics of Study Population


From 2022 to 2023, a total of 72 out-patients diagnosed with hearing loss or PD were enrolled in this study prospectively. There were 44 males and 28 females, with an average age of 64.4 ± 9.1 years (range 45–90 years old). Twenty-three participants had unimpaired hearing (≤25 decibels in both ears); 49 had hearing impairment. Thirty-one participants had non-dementia scores on both the CDR and MMSE dementia questionnaires, while the remaining 41 were classified as the dementia group (Table 1). Further classification of the types of dementia or cognitive impairment was not performed. The demographic data and hearing threshold are listed in Table 1. The dementia group had older age (71.0 ± 7.4 vs. 62.5 ± 8.9 years, p < 0.001) and a worse hearing threshold in both ears (47.1 ± 24.4 vs. 31.7 ± 22.1 dB, p = 0.006).




3.2. APOE Gene Expression and Dementia


All cases received blood tests for the APOE gene expression. The results showed that there were one ε2/ε2, five ε2/ε3, one ε2/ε4, fifty-six ε3/ε3, eight ε3/ε4, and one ε4/ε4. Ten patients carried the APOE ε4 allele, with a higher prevalence of dementia compared to those who did not carry the allele (9/10 vs. 32/62, p = 0.036; Table 2). Patients with the APOE ε4 allele seemed to have more hearing loss, but the correlations did not reach statistical significance. There was no association between PD and the APOE ε4 allele found in this study.




3.3. APOE Gene Expression and Parkinson’s Disease Severity


There were 58 patients diagnosed with PD, with 14 of them classified as having severe symptoms (Modified Hoehn and Yahr scale > 2) and 44 having mild PD symptoms (Modified Hoehn and Yahr scale ≤ 2; Table 3). Patients with severe PD were found to have older average age (72.3 ± 7.4 vs. 64.5 ± 8.7 years, p = 0.003), a worse hearing threshold in both ears (49.6 ± 28.3 vs. 30.3 ± 17.8 dB, p = 0.028), and more dementia cases (12/14 vs. 18/44, p = 0.006). However, severe PD patients did not show a significantly higher prevalence of the APOE ε4 allele.





4. Discussion


Hearing loss is an important risk factor for dementia, and it should be well managed by usage of hearing aids and protection of ears from excessive noise exposure [18]. According to the Lancet report, there are 12 risk factors that should be modified to prevent or delay up to 40% of dementias, such as hypertension, diabetes, smoking, air pollution, alcohol, and hearing loss. Among them, hearing impairment accounted for up to 9% of the relative contribution to dementia. During that report, an increased risk of dementia was found (OR 1.3, 95% CI 1.0–1.6) per 10 dB of worsening of hearing loss.



In the population-based cohort study, collected data from the National Health Insurance Research Database of Taiwan showed that hearing loss was associated with increased risk of dementia, especially in patients aged 45 to 64 years [19]. A person with mild hearing loss has a two-fold risk of having dementia, moderate has three-fold, and severe has a five-fold risk [3]. Our research also has similar findings. Although the etiology still remains unclear, hearing-impaired adults were associated with steeper temporal-lobe volume loss, including in the hippocampus and entorhinal cortex [18].



The prevalence of dementia, PD, and hearing loss all increases along with age. Our inclusion criteria were patients over 20 years old. Actually, it is uncommon that PD is diagnosed in people younger than 50. PD patients younger than 40 are referred to as having young-onset Parkinson’s, accounting for only two percent of all PD cases. The age of patients in our cohort ranged from 45 to 90 years old, so the large heterogeneity of age is a limitation in this study. Due to the limited case number, we did not perform further stratification of different age groups. In the future, we should focus on the older-aged human populations, probably at 60–80 years old, as our treatment target.



The pathogenesis of these neurodegenerative diseases may have complex interactions of multifactor associations with ageing and genetic disorders. In this study, we found that hearing loss is more common in the dementia and severe PD patients. Patients carrying the APOE ε4 allele had a higher prevalence of dementia [13]. To our knowledge, this is the first study on the comparison of the three disease entities based on the gene expression of APOE.



Whether hearing impairment is involved in the intrinsic disease progression of PD or is just secondary to a more complex aging process remains to be determined. There is growing evidence from epidemiology and database studies that shows PD patients have a worse hearing threshold than the population of the same age [20,21]. PD seemed to accelerate ARHL, especially in high-frequency loss [21,22]. Upon diagnosis of PD, the hearing threshold would keep worsening over time. Hearing loss correlates with an increased risk of PD, with an adjusted hazard ratio (HR) of PD of 1.53 for the hearing-loss patients [5]. Untreated hearing loss would worsen the cognitive dysfunction in PD patients. Our findings show that hearing loss is more common in severe PD than in mild PD patients.



The relationship between the severity of PD and hearing loss could be reinforced by our findings, as shown in Table 3. We believed that the severity of PD had a negative impact on the hearing threshold. However, we lacked the control group to compare the severity of PD to the population without PD of the same age. Age is the key factor in the disease severity of PD and dementia, but we could not randomly control the age during patient recruitment due to the high heterogeneity. Better study design and larger case number are needed to estimate the relative risks for the PD patients in the hearing impairment by multivariable analysis.



An important result of the present study is the lack of higher prevalence of the APOE ε4 allele in the severe PD patients compared with the mild PD group. The pathogenesis of hearing loss in PD patients may not only have pure cochlear involvement but also be caused by impaired central auditory function in the brain cortex, associated with cognitive deficits. Reduced amplitudes and prolonged latencies of vestibular evoked myogenic potential were found in PD patients with hearing loss [23]. PD patients usually encounter difficulty in understanding speech among noise, confirmed by testing the central auditory processing function [21]. The severity of PD is classified into seven stages, according to the Modified Hoehn and Yahr scale. Younger-age patients tend to have slighter symptoms and earlier stages of PD. We also found that those with severe PD have poorer hearing and language abilities.



Other research studied on the pathogenesis of PD tried to explain the occurrence of hearing loss, such as impaired cochlear transduction due to accumulation of α-synuclein [22,24]. Pisani V et al. proposed that it is a kind of dopamine-dependent cochlear dysfunction, as the otoacoustic emission amplitudes improved with levodopa substitution in PD patients [25]. A decrease in basal-ganglia-dopamine-transporter availability was found in PD patients, which results in a decline of the peripheral-hearing function. Dopamine not only is involved in the pathogenesis of PD but also plays a role in auditory processing [26].



In a meta-analysis of the relationship between the APOE gene and PD dementia, the dementia risk of those with the APOE ε4 allele was 1.72 times greater than that of those without ε4 [27]. Another study confirmed that the APOE ε4 allele is a major risk factor for the development of Parkinson’s disease dementia (hazard ratio = 2.41) [28]. Although the APOE ε4 allele did not link directly to PD severity in our study, it was more prevalent in dementia patients.



Our dementia group had worse PTA and SRT in both ears. There was not a causal relationship between hearing loss and cognitive decline but a mutual interaction between them. Hearing loss could have an impact on cognition, either directly via changes in auditory input of brain structures or indirectly via increased social isolation, depression, or reduced physical activity [14,19]. Reversely, the elderly might have difficulty in communicating and hearing due to cognitive decline. Hearing loss and dementia may be exaggerated due to a common cause, such as oxidative stress, smoking, or alcohol consumption. To compensate for decreased auditory input, the patient needs increased listening effort and cognitive load, which could lead to depletion of cognitive reserve [19,21]. PD patients may also progress to dementia and cognitive decline. In Table 3, a higher prevalence of dementia and worse hearing was found in the severe PD group. Both PD dementia and Alzheimer’s disease may progress to cognitive dysfunction and have similar mutual interactions with hearing loss.



Patients carrying APOE ε4 had a higher prevalence of dementia and hearing loss, which is in keeping with numerous reports in the last three decades. Though, the association between the APOE ε4 allele and hearing loss has not been well established yet. O’Grady et al. found that the APOE ε4 allele was found less in patients with sensorineural hearing loss, but no relationship was found between the ε4 allele and severity of hearing loss or severity of impairment of word recognition [29]. Kurniawan et al. found that the APOE ε4/ε4 genotype had the most severe hearing loss, and the APOE ε4 allele was associated with a two-fold increased risk of hearing impairment compared to those without the APOE ε4 allele [30]. In the animal model, apolipoprotein E knockout (ApoE KO) male mice have activated ROS in the spiral ganglion neurons and increased apoptosis rate, resulting in atherosclerotic change and ARHL [31]. Our study showed that the APOE ε4 allele has a positive correlation with ARHL, but it did not reach statistical significance. Future studies associating the APOE ε4 allele with hearing loss need to be large-population-based and longitudinal to help us know how the APOE gene impacts hearing change along with time.



Previous studies have shown that the APOE ε4 allele can be regarded as a genetic risk factor for Alzheimer’s disease and dementia [13,14]. The APOE ε4 allele is associated with increased cerebral amyloid-β pathology, but its effect on dementia is mediated by the severity of AD pathology [14,32]. It directly influences the development of α-synuclein pathology in dementia with Lewy bodies and Parkinson’s disease dementia in mouse studies [33]. Animals that expressed the APOE ε4 allele developed the most severe α-synuclein pathology and died soonest [34]. APOE ε2 may have a protective effect in addition to APOE ε4 being harmful. Expression of APOE ε4 was associated with more extensive α-synuclein pathology, neurodegeneration, and motor and memory dysfunction [35]. Because α-synuclein is located predominately in the efferent neuronal system within the inner ear, it could affect susceptibility to age-related or noise-induced hearing loss [22,24]. It is reasonable that the natural aging process combines neurodegenerative changes intrinsic to AD and interferes with cochlear transduction. APOE is a potential therapeutic target in neurodegenerative disease.



Not all people carrying the APOE ε4 allele develop AD or dementia, whereas some people without the APOE ε4 allele do [36]. The effect of APOE ε4 on dementia risk can be modified by other factors, including genetic and environmental factors. This might imply the existence of social and environmental factors could trigger the harmful effects of this genetic risk factor.



On the other hand, hearing protection, screening, and treatment might be used to mitigate the hearing-loss risk factor for dementia and PD. High education may buffer the effect of APOE ε4 on the clinical manifestation of dementia by enhancing cognitive reserve [32]. Utilization of hearing aids is the most common strategy in hearing rehabilitation to address hearing loss. Before using hearing aids, people need to consider communication needs, psychological well-being, individual preferences, and financial issues. Education and economy level act as confounding factors in the development of dementia, as hearing aid use is more commonly found in patients with higher education [37]. We would like to emphasize the importance of hearing intervention, though prospective studies are needed for stronger evidence whether hearing aids could improve cognitive function in PD or dementia patients. We should give early intervention to treat hearing impairment in both dementia and PD patients [38] because the severity of hearing loss was the most important factor associated with the benefit of hearing aid treatment. It is less beneficial for older adults to wear hearing aids due to challenges of cognitive decline or physical limitations [39].



To our knowledge, there is currently no evidence yet that hearing intervention by hearing aid or cochlear implant could improve quality of life or cognitive function of PD patients. There is no direct or indirect causal impact of hearing loss on cognition, so interventions to address hearing loss do not necessarily have a beneficial effect on cognitive function. Tests like the MMSE are not sensitive enough to subtle cognitive changes, so other measurements of the outcomes, such as spoken tests of cognition or long-term memory tests, should be applied when doing such studies in the future [38]. But, lots of studies pointed out that human interaction does help in regaining cognitive function, slowing down the aging process, and postponing dementia onset [14]. Auditory instructions are frequently used during training protocols to improve gait of PD cases, and auditory stimuli are used to treat Parkinson’s-related gait disorders and postural instability. More efforts should be conducted on the aural rehabilitation program, including sound amplification, assistive listening devices, and communication optimization strategies [21].



This study is limited to a relatively small number of cases found to carry APOE ε4. We enlisted patients from neurology and otolaryngology departments so that the heterogeneity of our participants would be large. The included patients could not be well randomized, leading to selection bias. A control group was lacking, so the analysis of severity of PD could not be adjusted for by age, as age would be the key factor of disease severity. Regression and multivariable analysis were not performed to show the odds ratio. Classification of the types of dementia and cognitive impairment was not performed. We did not enroll severe dementia cases due to out-patient settings. In the future, we hope to enroll more dementia cases to figure out the role of the APOE ε4 allele in hearing loss and PD.




5. Conclusions


Hearing loss is common in severe PD and in dementia patients. Patients carrying the APOE ε4 allele had a higher prevalence of dementia. Severe PD has a negative impact on the hearing threshold and cognitive dysfunction. Further prospective studies are needed for discerning the role of the APOE ε4 allele.
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Table 1. Comparisons of hearing in dementia patients.






Table 1. Comparisons of hearing in dementia patients.





	

	
Non-Dementia Group

n = 31

	
Dementia Group

n = 41

	
p-Value






	
Age (years)

	
62.5 ± 8.9

	
71.0 ± 7.4

	
<0.001 **




	
Gender

	

	

	
1.000




	
  Male

	
19

	
25




	
  Woman

	
12

	
16




	
Right-hearing threshold (dB)

	
31.9 ± 24.6

	
45.1 ± 24.5

	
0.025 *




	
Left-hearing threshold (dB)

	
31.6 ± 20.5

	
49.0 ± 25.9

	
0.002 **




	
Average hearing threshold (dB)

	
31.7 ± 22.1

	
47.1 ± 24.4

	
0.006 **




	
Binaural hearing impairment (%)

	
13.7 ± 25.2%

	
30.0 ± 30.8%

	
0.014 *




	
Speech reception threshold (dB)

	
27.9 ± 21.7

	
42.9 ± 27.4

	
0.011 *




	
Speech discrimination ability

	
91.4 ± 12.2%

	
82.7 ± 24.7%

	
0.075




	
Hearing

	

	

	
0.002 **




	
  Unimpaired (threshold ≤ 25 dB)

	
16

	
7




	
  Impaired (>25 dB)

	
15

	
34




	
Parkinson’s disease

	

	

	
0.132




	
  No

	
3

	
11




	
  Yes

	
28

	
30








* p < 0.05 (significant), ** p < 0.01 (highly significant).













 





Table 2. Comparison between patients with and without APOE ε4 allele.






Table 2. Comparison between patients with and without APOE ε4 allele.





	

	
APOE ε4 Allele

n = 10

	
No APOE ε4 Allele

n = 62

	
p-Value






	
Age (years)

	
71.1 ± 5.8

	
66.7 ± 9.4

	
0.156




	
Gender

	

	

	
1.000




	
  Male

	
6

	
38




	
  Woman

	
4

	
24




	
Right-hearing threshold (dB)

	
48.6 ± 24.3

	
38.4 ± 25.6

	
0.240




	
Left-hearing threshold (dB)

	
51.1 ± 21.2

	
40.8 ± 25.8

	
0.232




	
Average hearing threshold (dB)

	
49.9 ± 22.5

	
39.6 ± 24.9

	
0.223




	
Binaural hearing impairment (%)

	
34.8 ± 30.0%

	
21.9 ± 29.6%

	
0.206




	
Speech reception threshold (dB)

	
47.0 ± 22.8

	
35.3 ± 26.7

	
0.196




	
Speech discrimination ability

	
85.2 ± 18.9

	
86.1 ± 21.4

	
0.898




	
Hearing

	

	

	
0.161




	
  Unimpaired (threshold ≤ 25 dB)

	
1

	
21




	
  Impaired (>25 dB)

	
9

	
41




	
Dementia

	

	

	
0.036 *




	
  No

	
1

	
30




	
  Yes

	
9

	
32




	
Parkinson’s disease

	

	

	
0.095




	
  No

	
4

	
10




	
  Yes

	
6

	
52








* p < 0.05 (significant).













 





Table 3. Comparison of severity of Parkinson’s disease (PD).






Table 3. Comparison of severity of Parkinson’s disease (PD).





	

	
Mild PD

n = 44

	
Severe PD

n = 14

	
p-Value






	
Age (years)

	
64.5 ± 8.7

	
72.3 ± 7.4

	
0.003 **




	
Gender

	

	

	
0.305




	
  Male

	
29

	
7




	
  Woman

	
15

	
7




	
Right-hearing threshold (dB)

	
28.6 ± 16.8

	
46.5 ± 28.5

	
0.041 *




	
Left-hearing threshold (dB)

	
31.8 ± 20.2

	
52.9 ± 29.3

	
0.024 *




	
Average hearing threshold (dB)

	
30.3 ± 17.8

	
49.6 ± 28.3

	
0.028 *




	
Binaural hearing impairment (%)

	
11.2 ± 20.3%

	
29.9 ± 34.9%

	
0.076




	
Speech reception threshold (dB)

	
25.7 ± 14.7

	
45.2 ± 28.8

	
0.029 *




	
Speech discrimination ability

	
93.0 ± 9.4%

	
80.7 ± 27.0%

	
0.118




	
Hearing

	

	

	
0.006 **




	
  Unimpaired (threshold ≤ 25 dB)

	
21

	
1




	
  Impaired (>25 dB)

	
23

	
13




	
Dementia

	

	

	
0.006 **




	
  No

	
26

	
2




	
  Yes

	