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Abstract

Objectives: Determine associations of hearing loss (HL) and hearing aid (HA) use with 

cognition, health-related quality of life (HRQoL), and depressive symptoms.

Methods: Participants were from the Epidemiology of Hearing Loss Study or Beaver Dam 

Offspring Study. HL was defined as pure-tone average (0.5–4.0 kHz) >25 dB. A principal 

component analysis of 5 cognitive tasks measured cognition. The SF-12 measured mental and 

physical HRQoL. The Centers for Epidemiological Studies Depression Scale measured depressive 

symptoms (score ≥16). Regression models returned beta (B) coefficients or odds ratios (OR) with 

95% confidence intervals.

Results: This study included 3574 participants. HL (vs none) was associated with poorer 

cognition (B −0.12 [−0.18, −0.06]), mental (B −0.99 [−1.65, −0.33]) and physical (B −0.76 

[−1.50, −0.03]) HRQoL and increased odds of depressive symptoms (OR 1.49 [1.16, 1.91]). HA 

users had better cognition than non-users.
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Discussion: HL likely impacts cognition and well-being. HA use may have cognitive benefits.
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INTRODUCTION

Hearing loss is a highly prevalent chronic condition in middle-aged to older adults and is 

an important public health concern (Cruickshanks et al., 1998; Nash et al., 2011). Hearing 

loss has been associated with poorer cognitive function, a worsened health-related quality 

of life, and a higher risk of depressive symptoms as compared to individuals without 

hearing loss (Dalton et al., 2003; Gopinath et al., 2003; Schubert et al., 2017, 2019). 

Although hearing loss often begins around middle age and continues to progress with age, 

epidemiological studies on hearing loss impact have generally focused only on older adults, 

thus limiting generalizability of study findings to the desired target population (Chia et 

al., 2007; Dalton et al., 2003; Gopinath et al., 2009; Nash et al., 2011). Furthermore, few 

studies have thoroughly investigated the extent to which the potential impacts of hearing 

loss are modified by the severity of the hearing loss and/or its treatment with hearing aids 

(Chia et al., 2007; Dalton et al., 2003; Shukla et al., 2021). These data could have valuable 

implications for clinical practice and policy.

Although hearing aids are the most common form of treatment for hearing loss, 

epidemiological evidence of their benefit is inconsistent. In part, this may be due to the 

low prevalence and incidence of hearing aid use in the general population (Dillard et al., 

2021; Popelka et al., 1998; Weycker et al., 2021). Among aging individuals eligible for 

hearing aids, population-based prevalence and 10-year incidence of hearing aid use have 

been estimated at 15% and 36%, respectively (Popelka et al., 1998; Fischer et al., 2011). The 

low prevalence of hearing aid use in the general population may limit the statistical power 

to comprehensively evaluate associations of interest. Studies have consistently indicated that 

hearing aid use improves hearing handicap and hearing-related quality of life (Ferguson 

et al., 2019; Mulrow et al., 1990; Tesch-Römer, 1997). However, there is sparse and 

inconsistent evidence that hearing aid use reduces other burdens of hearing loss, including 

on outcomes related to cognition, general health-related quality of life, and/or depressive 

symptoms (Acar et al., 2011; Appollonio et al., 1996; Dalton et al., 2003; Dawes et al., 

2015; Humes et al., 2003; Lawrence et al., 2020; Mener et al., 2013; Schubert et al., 2017, 

2019; West, 2017). Research that evaluates the potential benefits of hearing aid use is needed 

given the United States Preventative Services Task Force’s recent conclusion that there is 

inadequate evidence showing hearing aids as an effective treatment for age-related hearing 

loss (USPSTS, 2019).

To advance hearing-related public health initiatives, it is necessary to understand hearing 

loss burden and potential benefits of hearing aids in individuals across the life span. The 

purpose of this study was to determine associations of hearing loss, its severity, and hearing 

aid use, with cognitive function, mental and physical health-related quality of life, and 

depressive symptoms in a sample of middle-aged to older adults in the general population.
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MATERIALS & METHODS

Participants were part of the Epidemiology of Hearing Loss Study (EHLS; 1993–2020) or 

the Beaver Dam Offspring Study (BOSS; 2005-current) which are prospective longitudinal 

cohort studies of aging and sensory disorders. Participants of the Beaver Dam Eye Study 

(1987–1988) were eligible to participate in the EHLS (Linton et al., 1991; Klein et al., 

1996). The population-based baseline of the EHLS examination (n=3753; age range 48–92 

years) was conducted in 1993–1995. EHLS follow-up examinations occurred every 5 years 

with >80% response rates. The adult offspring of EHLS participants were invited to enroll in 

BOSS. The baseline examination of BOSS (n=3,296; age range 21–84 years) was conducted 

in 2005–2008. BOSS follow-up examinations occurred every 5 years with >80% response 

rates. Details of the EHLS and BOSS, including those related to recruitment and retention, 

are detailed in previous publications (Cruickshanks et al., 1998, 2003, 2010; Nash et al., 

2011).

This study included cross-sectional data from the fourth cycle of EHLS (2009–10; n=1669 

with examination) and the third cycle of BOSS (2015–17; n=1964 with examination), 

both of which had high response rates among eligible individuals (approximately 81% and 

86%, respectively). Seventy-five individuals participated in both studies and the cycle with 

participants’ most complete data was utilized. Across both cohorts, 59 participants (EHLS, 

n=51; BOSS, n=8) did not have audiometric data so were not included in this study. Previous 

studies have pooled samples from EHLS and BOSS cohorts (Fischer et al., 2017; Paulsen et 

al., 2021).

This study followed the Strengthening the Reporting of Observational Studies in 

Epidemiology (STROBE) reporting guideline. The University of Wisconsin Health Sciences 

Institutional Review Board approved these studies and written consent was obtained from 

participants before each examination.

Measurements

Participants underwent a series of standardized examinations and interviews conducted by 

examiners trained and certified in all study protocols. All testing was conducted in English 

and all participants spoke English. Nearly identical standardized data collection and quality 

assurance methods were used in EHLS and BOSS.

Hearing and hearing aid-related data

Audiometric testing was performed in accordance with American Speech-Language-Hearing 

Association guidelines (2005) and in compliance with the American National Standards 

Institute standards (1999, 2010). Testing was performed in sound-treated booths with 

clinical audiometers (calibrated every 6 months) with use of TDH-50P earphones or 

ER-3A insert earphones (in cases of probable ear canal collapse). Pure-tone air-conduction 

thresholds were obtained in both ears at 0.5, 1, 2, 3, 4, 6, and 8 kHz, and bone-

conduction thresholds were obtained at 0.5, 2, and 4 kHz. Masking was used as necessary 

(Cruickshanks et al., 1998; 2003). A four-frequency pure tone average (PTA) was calculated 

in each ear from 0.5, 1, 2, 4 kHz. PTA in the better ear defined presence (PTA > 25 dB 
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HL) and severity of hearing loss (mild: PTA >25–40 dB HL; moderate or worse: PTA ≥40 

dB HL). The category of moderate or worse hearing loss severity included participants with 

moderate (PTA ≥40–55 dB HL), moderately severe (PTA ≥55–70 dB HL), severe (PTA 

≥70–90 dB HL), and profound (PTA ≥90 dB HL) hearing loss to ensure an adequate sample 

size for analyses stratified by hearing loss severity (mild, moderate or worse). A medical 

history questionnaire including questions about hearing aid use was administered. Hearing 

aid use was defined as answering ‘yes’ to the question “Do you use your hearing aid now?”.

Cognitive function, health-related quality of life and depressive symptoms

Cognitive tests included the auditory verbal learning test (AVLT), digit symbol substitution 

test (DSST), trail making test (TMT) parts A and B, and the verbal fluency test (VFT) 

(Reitan, 1992; Strauss et al., 2006). All test scores were standardized (mean 0, standard 

deviation [SD] 1) and TMT A and B scores were reversed so lower scores represented 

worse function. Cognitive function was defined using a principal component analysis (PCA) 

to construct a composite measure, with a mean of 0 and SD of 1. One eigenvalue was 

>1 and the first component was retained. The proportion of variance explained by the 

first component was 62.5%. The PCA score was calculated as a linear combination of the 

standardized observed variables, using factor loadings from the study cycles included. A 

higher PCA score indicated better cognitive function. Additional cognitive methods are in 

supplementary text S1.

Health-related quality of life was measured with the SF-12 short form survey (Ware et al., 

1996). The SF-12 physical component score (PCS) and mental component score (MCS) 

measured self-perceived quality of physical and mental health, respectively (range 0–100). 

Depressive symptoms were defined as a score ≥16 on the Centers for Epidemiological 

Studies Depression Scale (CES-D) (Radloff, 1977).

Covariates

Covariates were chosen based on the existing literature that highlighted the associations 

of interest. Demographic factors were age, sex, and education. Education was categorized 

as high school or less (0–12 years), some college (13–15 years) or college graduate or 

beyond (16+ years). Education and income were significantly correlated in this sample. 

Education was included in final models (described below) to increase sample size, as there 

were substantially more missing data for income. Participants reported their marital status 

(married, single, divorced, widowed, other).

Participants reported exercise (at least once a week, long enough to sweat), smoking status 

(past/current or never), and history of heavy alcohol consumption (ever drinking 4+ drinks 

per day). Positive history of head injury was defined as self-report of concussion, broken 

nose, skull fracture, or loss of consciousness due to head injury (Schubert et al., 2019). 

Body mass index (BMI) was calculated as measured weight in kilograms (kg) divided by 

measured height in meters (m) squared. History of cardiovascular disease was defined as 

self-report of a physician diagnosed stroke, angina, or myocardial infarction (Cruickshanks 

et al., 2003; Zhan et al., 2011; Fischer et al., 2019). Contrast sensitivity was measured 

in each eye separately using Pelli-Robson letter charts. Visual impairment was defined 
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as contrast sensitivity <1.55 log units in the better eye (Paulsen et al., 2018; Pelli et al., 

1988). Number of chronic diseases was defined as the sum of the following self-reported 

physician-diagnosed conditions: cancer (excluding skin cancer), epilepsy, emphysema, 

arthritis, asthma, osteoporosis, lupus, multiple sclerosis, kidney disease, Crohn’s disease or 

Parkinson’s disease. Number of chronic disease(s) was categorized as 0, 1, 2, 3, 4+. Current 

and past noise exposure was defined as self-report of military noise exposure, driving a 

tractor on a farm, or ever having a full-time noisy job during which it was necessary to speak 

in a raised voice or louder to be heard by someone two feet away, at the study cycle or in the 

past, respectively (Cruickshanks et al., 2010).

Hemoglobin A1C (HbA1C) levels were measured using the Tosoh HPLC G7 

Glycohemoglobin Analyzer (Tosoh Medics, Inc., San Francisco CA). Diabetes was defined 

as self-report of physician diagnosis or HbAIC ≥6.5 (Nuttall, 1988; Cruickshanks et al., 

2015). High resolution B-mode carotid artery ultrasound images (MyLab 25, Esaote North 

America, Inc., Indianapolis, IN) evaluated carotid artery plaque in the common carotid, 

bifurcation and internal carotid arteries on right and left sides (Fischer et al., 2015; Zhong et 

al., 2011, 2012). The number of sites with plaque were categorized as 0, 1–3 or 4–6.

Statistical methods

All statistical analyses were completed using SAS version 9.4 software (SAS Institute, Inc., 

Cary, NC). Hearing status was analyzed as an indicator variable categorizing participants 

into three categories, a) normal hearing: PTA ≤25 dB HL, b) hearing aid “non-users:” PTA 

>25 dB HL with no hearing aid use, c) “hearing aid users:” PTA >25 dB HL with hearing 

aid use. Hearing loss was defined as PTA >25 dB HL (b + c). The normal hearing group 

(a) was used as the referent group for all analyses. Estimated effects of hearing status (vs 

normal hearing) were evaluated after stratification by hearing loss severity (mild, moderate 

or worse). Hearing loss severity was treated as an indicator variable (referent = normal 

hearing). Differences in estimated effect sizes in hearing aid users versus non-users were 

tested and are presented as p-values.

General linear regression models evaluated associations between hearing status and 

cognitive function, each individual cognitive task (AVLT, DSST, TMT A & B, VFT), and 

SF-12 MCS and PCS. Results are presented as beta (B) coefficients with corresponding 95% 

confidence intervals (95% CI). Logistic regression models evaluated associations between 

hearing status and depressive symptoms and results are presented as odds ratios (OR) with 

corresponding 95% CI.

The following covariates (chosen based on existing literature) were evaluated for 

confounding for each model, separately, by evaluating associations with hearing loss, 

hearing aid use, and the outcomes: BMI, education, marital status, smoking, history of heavy 

alcohol consumption, diabetes, exercise, history of head injury, history of cardiovascular 

disease, visual impairment, number of sites with plaque, and number of chronic diseases. 

The model selection procedure is as follows. First, separate base models were built that 

included age, sex, hearing status, and each covariate, separately. Next, covariates with a 

p-value <0.05 were included in multivariable models. Final multivariable models included 
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only covariates significant at p<0.05 after full adjustment. Results from multivariable-

adjusted models are presented.

RESULTS

This study included 3574 participants (56.1% female) with a mean age of 66.2 (SD 12.1; 

range 27–89+) years. Of these participants, 1618 were EHLS participants and 1956 were 

BOSS participants. Of the 1163 participants with hearing loss, 320 (27.5%) used hearing 

aids and 843 (72.5%) did not. In the hearing aid user group, 88 (27.5%) and 232 (72.5%) 

participants had mild and moderate or worse hearing loss, respectively, and had an overall 

mean PTA of 49.0 (SD 13.4) dB HL. In the non-user group, 632 (75.0%) and 211 (25.0%) 

participants had mild and moderate or worse hearing loss, respectively, and had an overall 

mean PTA of 35.7 (SD 8.5) dB HL. Study sample characteristics are in Table 1.

Cognitive Function

Table 2 shows associations of hearing status (vs normal hearing) with cognitive function. 

Hearing loss (vs normal hearing) was associated with worse cognitive function (B: −0.12 

[95% CI: −0.18, −0.06]). Negative associations of hearing loss with cognitive function were 

observed in both non-user (B: −0.13 [95% CI: −0.19, −0.06]) and hearing aid user (B: −0.10 

[95% CI: −0.19, −0.004]) groups, which did not have significantly different estimated effect 

sizes (p=0.51).

The presence and strength of associations varied by hearing loss severity (Figure 1). 

Mild hearing loss (vs normal hearing) was associated with poorer cognitive function (B: 

−0.07 [95% CI: −0.13, −0.01]). A statistically significant negative association between mild 

hearing loss and cognitive function was observed in non-users (B: −0.09 [95% CI: −0.16, 

−0.02]) but not in hearing aid users (B: 0.07 [95% CI: −0.08, 0.22]). The non-users showed 

significantly worse cognitive function than hearing aid users (p=0.04).

Moderate or worse hearing loss was also associated with poorer cognitive function (vs 

normal hearing; B: −0.28 [95% CI: −0.37, −0.20]), and the estimated effect size was 

approximately 4 times larger than that for mild hearing loss (Figure 1; Table 2). A negative 

association of moderate or worse hearing loss with cognitive function was observed in the 

non-users (B:−0.39 [95% CI: −0.51, −0.26]) and hearing aid users (B: −0.21 [95% CI: 

−0.32, −0.10]) groups and the non-users showed significantly worse cognitive function than 

hearing aid users (p=0.02). Negative associations for non-users were stronger in participants 

with moderate or worse hearing loss as compared to those with mild hearing loss.

Table 3 shows associations of hearing status with each individual cognitive test that 

comprised the PCA. Hearing loss (vs normal hearing) was associated with poorer 

performance on the VFT (B: −0.11 [95% CI: −0.19, −0.03]), TMT A (B: −0.13 [95% 

CI: −0.18, −0.07]), TMT B (B: −0.14 [95% CI: −0.21, −0.07]), and DSST (B: −0.10 [95% 

CI: −0.16, −0.04]), but not the AVLT (B: −0.04 [95% CI: −0.11, 0.04]). For the VFT, TMT 

B, and DSST, negative associations with hearing loss (vs normal hearing) were observed in 

non-users but not in hearing aid users. On the TMT A, both non-users and hearing aid users 
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performed significantly worse than normal hearing individuals. Estimated effect sizes were 

not significantly different between hearing aid users versus non-users for each cognitive test.

Health-Related Quality of Life & Depressive Symptoms

Associations between hearing status and self-perceived mental (MCS) and physical (PCS) 

health-related quality of life and depressive symptoms are in Table 4.

Mental Health-Related Quality of Life (MCS)—Hearing loss (vs normal hearing) was 

associated with worse mental health-related quality of life (B: −0.99 [95% CI: −1.65, 

−0.33]). A negative association of hearing loss with mental health-related quality of life was 

observed in non-users (B: −1.00 [−1.72, −0.29]) but not in hearing aid users (B: −0.91 [95% 

CI: −1.93, 0.10]). Estimated effect sizes for hearing aid users versus non-users were not 

significantly different (p=0.86).

Mild hearing loss (vs normal hearing) was associated with poorer mental health-related 

quality of life (B: −0.90 [95% CI: −1.61, −0.19]). Compared to normal hearing individuals, 

non-users (B: −0.96 [95% CI: −1.70, −0.21]) with mild hearing loss reported poorer mental 

health-related quality of life, whereas hearing aid users (B: −0.52 [95% CI: −2.16, 1.13]) 

with mild hearing loss had similar scores to normal hearing individuals. Estimated effect 

sizes for hearing aid users versus non-users with mild hearing loss were not significantly 

different (p=0.62).

The negative association of moderate or worse hearing loss (vs normal hearing) on mental 

health-related quality of life (B: −1.82 [95% CI: −2.78, −0.86]) was approximately twice 

as strong as the association for mild hearing loss. Both non-users (B: −2.33 [95% CI: 

−3.63, −1.04]) and hearing aid users (B: −1.42 [95% CI: −2.59, −0.26]) with moderate or 

worse hearing loss showed associations with poorer mental health-related quality of life, and 

estimated effect sizes were not significantly different (p=0.25). Negative associations for the 

groups of hearing aid users were strongest in participants with moderate or worse hearing 

loss.

Physical Health-Related Quality of Life (PCS)—Hearing loss (vs normal hearing) 

was associated with poorer physical health-related quality of life (B: −0.76 [95% CI: −1.50, 

−0.03]). However, associations of hearing loss with physical health-related quality of life 

were not observed when stratified to hearing aid users (B: −0.95 [95% CI: −2.08, 0.17]) and 

non-users (B: −0.69 [95% CI: −1.49, 0.11]).

Mild hearing loss (vs normal hearing) was not associated with physical health-related quality 

of life (B: −0.65 [95% CI: −1.45, 0.15]). Associations were not observed in non-users (B: 

−0.57 [95% CI: −1.41, 0.27]) or hearing aid users (B: −1.21 [95% CI: −3.04, 0.61]) with 

mild hearing loss.

Moderate or worse hearing loss (vs normal hearing) was associated with poorer physical 

health-related quality of life (B: −2.13 [95% CI: −3.18, −1.08]), and this negative association 

was observed in both non-users (B: −2.65 [95% CI: −4.04, −1.25]) and hearing aid users (B: 
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−1.70 [95% CI: −3.00, −0.40]). The estimated effect size was not significantly different in 

hearing aid users versus non-users with moderate or worse hearing loss (p=0.27).

Depressive symptoms—Hearing loss (vs normal hearing) was associated with increased 

odds of depressive symptoms (OR: 1.49 [95% CI: 1.16, 1.91]) and there were differences 

in the presence of associations by hearing aid use. Compared to normal hearing individuals, 

non-users showed increased odds of depressive symptoms (OR: 1.55 [95% CI: 1.19, 2.02]) 

whereas hearing aid users did not (OR: 1.33 [95% CI: 0.91, 1.94]). Estimated effect sizes for 

hearing aid users and non-users with hearing loss were not significantly different (p=0.42).

Mild hearing loss was associated with increased odds of depressive symptoms (OR: 1.39 

[95% CI: 1.05, 1.84]) as compared to normal hearing individuals. Non-users with mild 

hearing loss had increased odds of depressive symptoms (OR: 1.47 [95% CI: 1.09, 1.96]) 

and hearing aid users did not (OR: 0.88 [95% CI: 0.39, 1.77]). The difference in estimated 

effect sizes for hearing aid users and non-users with mild hearing loss was not significant 

(p=0.19).

Moderate or worse hearing loss (vs normal hearing) was associated with almost two times 

higher odds of depressive symptoms (OR: 1.96 [95% CI: 1.38, 2.75]). Associations were 

observed in both non-users (OR: 2.31 [95% CI: 1.51, 3.51]) and hearing aid users (OR: 1.66 

[95% CI: 1.07, 2.53]). Estimates were not significantly different for hearing aid users versus 

non-users with moderate or worse hearing loss (p=0.19).

Base models

Supplementary tables S1 and S2 show results from base models for each outcome (adjusted 

for age, sex, hearing status). Estimated effect sizes were attenuated after multivariable 

adjustment.

DISCUSSION

In this study, hearing loss was associated with poorer cognitive function, poorer mental 

and physical health-related quality of life, and increased odds of depressive symptoms 

in middle-aged to older adults in the general population. Associations were strongest in 

individuals with moderate or worse hearing loss, indicating individuals with greater severity 

of hearing loss are more likely to experience more pronounced negative impacts of hearing 

loss. In general, hearing aid users had better scores than non-users for all outcomes in this 

study, although group comparisons were significant only for global cognitive function.

The associations between hearing loss and the outcomes in this study are consistent with 

previous epidemiological studies (Amieva et al., 2015; Chia et al., 2007; Dalton et al., 

2003; Fischer et al., 2016; Gopinath et al., 2009; Schubert et al., 2017, 2019, Shukla et 

al., 2021). Using a PCA of cognitive test data (presented via both visual and auditory 

stimuli) to measure global cognitive function was a strength of this study. The PCA is a 

composite cognitive measure that overcomes limitations of individual tests. Limitations of 

individual cognitive tests include that the administration of some tests is reliant on audition, 

and that individually, these tests capture certain cognitive processes, thus making it more 
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difficult to comment on global cognitive function across several cognitive domains. The 

use of a PCA provides a more comprehensive view of global cognitive function across 

several cognitive domains. Secondary cognitive analyses showed hearing loss was associated 

with tasks focused on language, processing, and executive function, but not memory. These 

results are consistent with evidence indicating processing and executive function show early 

age-related changes whereas short-term memory is thought to remain relatively stable in 

aging (Hedden & Gabrieli, 2004). Possible mechanisms of associations of hearing loss 

and cognitive function, health-related quality of life and depressive symptoms include co-

occurring shared risk factors or negative cascading effects resulting from degraded auditory 

input (Baltes & Lindenberger, 1997; Lindenberger & Baltes, 1994; Wahl & Heyl, 2003).

In this study, hearing aid users generally had better outcomes than non-users. Importantly, 

hearing aid users had significantly better global cognitive function than non-users after 

stratification by hearing loss severity. Because these group differences were not observed 

in analyses of the entire sample (mild + moderate or worse hearing loss), these results 

demonstrate the importance of considering hearing loss severity when evaluating effects 

of hearing aid use. Although group differences between hearing aid users and non-users 

were not significantly different on outcomes of health-related quality of life or depressive 

symptoms, it is important that hearing aid users in the entire cohort and with mild hearing 

loss generally had similar scores as compared to normal hearing individuals whereas non-

users had worse scores than normal hearing individuals. These findings suggest hearing 

aid users may have slightly better health-related quality of life and lower likelihood of 

depressive symptoms than non-users. Statistical significance is likely influenced by the 

sample sizes of comparison groups, so it is important to consider patterns in study findings 

in addition to the statistical significance of findings. Importantly, results were robust to 

adjustment for confounders, suggesting that the observed associations likely reflect effects 

of hearing aid use rather than differences in comparison groups. Therefore, results from this 

study suggest hearing aid use may have positive effects on global cognitive function and 

may have minor positive effects on health-related quality of life and depressive symptoms.

Results from previous studies evaluating hearing aid use on similar outcomes have been 

inconsistent (Brewster et al., 2021; Dalton et al., 2003; Dawes et al., 2015; Schubert et al., 

2019; Shukla et al., 2021). Benefits of hearing aids may result from improved audibility 

in daily life, which may lead to reduced listening effort or fatigue (Picou et al., 2013). It 

has also been hypothesized that hearing aid use reduces social isolation and/or loneliness 

(Bott & Saunders, 2021). While we did not directly measure social isolation or loneliness, 

this study does not suggest strong evidence towards hearing aids reducing social isolation or 

loneliness as there were not robust effects of hearing aid use on depression or health-related 

quality of life. Mechanisms of the benefits of hearing aids on the outcomes presented in this 

study warrant additional research.

This study suggests that the burden of hearing loss is highest in cases of more severe hearing 

loss and that hearing aid benefits may be modified by hearing loss severity. Hearing aid 

users with mild hearing loss generally had similar scores on outcomes as compared to 

normal hearing individuals. This suggests that treating mild hearing loss with hearing aids 

may mitigate the burden of hearing loss.
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Conversely, individuals with moderate or worse hearing loss consistently had poorer scores 

on outcomes as compared to normal hearing individuals, regardless of their hearing aid 

use. Hearing aids do not completely restore sensory input and amplification does not 

improve audibility when cochlear cells are severely degenerated (as in many cases of 

more severe hearing losses) (Moore, 2001). Therefore, hearing aids may not be corrective 

for individuals with more severe hearing losses, and as supported by this study, hearing 

aid use likely does not eliminate the negative effects of hearing loss. Another potential 

explanation for these relationships between hearing loss severity and hearing aid use is 

that, on average, individuals with more severe hearing loss are older and may experience 

more age-related degeneration and poorer health. However, our models controlled for age 

and other confounders to minimize those effects. Relationships of hearing loss severity and 

hearing aid use were consistent across all outcomes except physical health-related quality of 

life. Study findings suggest associations of hearing loss and hearing aid use with physical 

health-related quality of life may be absent for mild hearing loss but present in cases of 

moderate or worse hearing loss.

Although all models were adjusted for confounders, this study did not control for certain 

psychosocial constructs associated with healthier aging and health care utilization such as 

locus of control, motivation, or self-efficacy (Bryant et al., 2001; Meyer et al., 2014). There 

are likely complex relationships among these constructs, aging, hearing aid use, hearing loss 

severity, and the outcomes in this study. For example, individuals with more internal control, 

motivation, and self-efficacy may experience healthier aging (Bryant et al., 2001), be more 

likely to obtain and use hearing aids and also may be most likely to benefit from hearing 

aids (Garstecki & Erler, 1998; Meyer et al., 2014). In this observational study, it is possible 

that differences between hearing aid users and non-users (overall and stratified by hearing 

loss severity) may partially be explained by these, or other unmeasured, factors.

Strengths of this study include its large, well-characterized population of middle-aged to 

older adults from recent years (2009–2017) and the consideration of multiple outcomes of 

cognition and psychosocial well-being. Including participants from across the age range 

enhances generalizability to the target population. This study included a relatively large 

number of hearing aid users, whereas previous epidemiological studies have been limited 

by low numbers of hearing aid users in the general population (i.e., given smaller sample 

sizes in those studies). The cross-sectional design of this study allowed us to evaluate the 

extent to which hearing loss and hearing aid use may impact concurrent cognitive function, 

health-related quality of life and depressive symptoms. However, some limitations exist. 

This study is observational and cross-sectional design and therefore, it is not possible to 

determine the temporality of effects or comment on causal pathways of hearing loss or 

hearing aid use. Methods and results from this cross-sectional study can inform future 

design of longitudinal or experimental studies. Despite models being well-controlled for 

potential confounders, this observational study may not have accounted for all differences 

between comparison groups. Data on frequency of hearing aid use or appropriateness of 

hearing aid fitting were not available. EHLS and BOSS participants are mostly non-Hispanic 

white individuals so findings may not be generalizable to all populations.
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CONCLUSION

Hearing loss was associated with poorer cognitive function, health-related quality of life, 

and depressive symptoms, and these associations were most pronounced in individuals with 

more severe hearing loss. Hearing aid users showed significantly better global cognitive 

function than non-users and appeared to have slightly better health-related quality of life and 

slightly reduced depressive symptoms. Broadly, study findings suggest that hearing loss may 

impact cognitive and psychosocial function, and that hearing aid users may perform better 

on tasks of cognitive function and may have slightly better well-being.
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Figure 1. 
Standardized B coefficients and 95% confidence intervals (95% CI) of multivariate-adjusted 

associations of hearing status and cognitive function. Models are adjusted for age, sex, 

education, marital status, visual impairment, n of sites with plaque and diabetes.
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Table 1.

Study sample characteristics (n=3574 participants).

Characteristic Mean or n SD or %

Age 66.2 12.1

Female Sex 2005 56.1%

Hearing Status

 Hearing loss (hearing aid users + non-users)a 1163 32.5%

  Hearing aid users 320 9.0%

  Non-users 843 23.6%

Education

 0–12 years 1552 43.6%

 13–15 years 966 27.2%

 16+ 1039 29.2%

Marital Status

 Married 2362 66.1%

 Single (never married) 291 8.2%

 Divorced/Widowed/Other 919 25.7%

Smoking Status

 Never smoker 1823 51.3%

 Past or Current Smoker 1731 48.7%

Body mass index (kg/m2) 30.9 6.5

Diabetes 615 17.3%

Exercise (at least 1/wk) 1979 55.9%

History of heavy alcohol 776 22.2%

History of head injury 1281 36.0%

History of cardiovascular disease 737 20.9%

History of noise exposure 1908 54.1%

Visual impairment 721 21.7%

Number of sites with plaque (atherosclerosis)

 0 1289 38.3%

 1–3 1633 48.5%

 4–6 443 13.2%

Number of chronic diseases

 0 607 17.8%

 1 948 27.8%

 2 909 26.6%

 3 527 15.4%

 4+ 424 12.5%

Note. SD = standard deviation.

a
Pure-tone average (PTA; 0.5, 1.0, 2.0, 4.0 kHz) >25 dB HL, better ear.
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Table 2.

Multivariable-adjusted associations of hearing status (referent=normal hearing) and cognitive function 

(measured by principal component analysis), overall and stratified by hearing loss severity. Results are 

presented as standardized linear regression coefficients and 95% confidence intervals.

Cognitive Function

Hearing loss (mild + moderate+) 
n=1163 Mild hearing loss n=720 Moderate or worse hearing loss 

n=443

B 95% CI [LL, UL] B 95% CI [LL, UL] B 95% CI [LL, UL]

Normal hearing n=2411 REFERENT

Hearing loss (hearing aid 
users + non-users) n=1163 −0.12 [−0.18, −0.06] −0.07 [−0.13, −0.01] −0.28 [−0.37, −0.20]

 Hearing aid users n=320 −0.10 [−0.19, −0.004] 0.07 [−0.08, 0.22] −0.21 [−0.32, −0.10]

 Non-users n=843 −0.13 [−0.19, −0.06] −0.09 [−0.16, −0.02] −0.39 [−0.51, −0.26]

Note. Adjusted for age, sex, education, marital status, visual impairment, n of sites with plaque (atherosclerosis) and diabetes. Cell sizes may vary 
slightly due to missing data. CI = confidence interval; LL = lower limit; UL = upper limit.
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Table 3.

Multivariable-adjusted associations of hearing status (referent=normal hearing) with performance on each 

cognitive test. Results are presented as standardized linear regression coefficients and 95% confidence 

intervals.

Cognitive Test Performance

Auditory Verbal 
Learning Test 

(AVLT)

Verbal Fluency 
Test (VFT)

Trail Making Test A 
(TMT A)a

Trail Making Test B 
(TMT B)a

Digit Symbol 
Substitution Test 

(DSST)

B 95% CI 
[LL, UL] B 95% CI 

[LL, UL] B 95% CI 
[LL, UL] B 95% CI 

[LL, UL] B 95% CI 
[LL, UL]

Normal 
hearing 
n=2411

REFERENT

Hearing loss 
(hearing aid 
users + non-
users) 
n=1163

−0.04 [−0.11, 
0.04] −0.11 [−0.19, 

−0.03] −0.13 [−0.18, 
−0.07] −0.14 [−0.21, 

−0.07] −0.10 [−0.16, 
−0.04

 Hearing 
aid users 
n=320

−0.03 [−0.15, 
0.08] −0.10 [−0.22, 

0.02] −0.12 [−0.21, 
−0.03] −0.07 [−0.17, 

0.04] −0.07 [−0.16, 
0.03]

 Non-users 
n=843 −0.04 [−0.12, 

0.04] −0.12 [−0.20, 
−0.03] −0.13 [−0.19, 

−0.06] −0.17 [−0.24, 
−0.09] −0.11 [−0.18, 

−0.05]

Note. Models adjusted for age, sex, education, marital status, visual impairment, n of site with plaque, and diabetes. Cell sizes may vary slightly 
due to missing data.

a
Trail making test scores were reversed so that lower scores represented worse function.
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Table 4:

Multivariable-adjusted associations of hearing status (referent=normal hearing) with health-related quality of 

life (mental component score; physical component score) and depressive symptoms. Results for health-related 

quality of life are presented as linear regression coefficients and 95% confidence intervals. Results for 

depressive symptoms are presented as odds ratios (OR) and 95% confidence intervals.

Health-Related Quality of Life: Mental Component Scorea

Hearing loss (mild + moderate+) 
n=1163 Mild hearing loss n=720 Moderate or worse hearing loss 

n=443

B 95% CI [LL, UL] B 95% CI [LL, UL] B 95% CI [LL, UL]

Normal hearing n=2411 REFERENT

Hearing loss (hearing aid 
users + non-users) n=1163 −0.99 [−1.65, −0.33] −0.90 [−1.61, −0.19] −1.82 [−2.78, −0.86]

 Hearing aid users n=320 −0.91 [−1.93, 0.10] −0.52 [−2.16, 1.13] −1.42 [−2.59, −0.26]

 Non-users n=843 −1.00 [−1.72, −0.29] −0.96 [−1.70, −0.21] −2.33 [−3.63, −1.04]

Health-Related Quality of Life: Physical Component Scoreb

Hearing loss (mild + moderate+) 
n=1163 Mild hearing loss n=720 Moderate or worse hearing loss 

n=443

B 95% CI [LL, UL] B 95% CI [LL, UL] B 95% CI [LL, UL]

Normal hearing n=2411 REFERENT

Hearing loss (hearing aid 
users + non-users) n=1163 −0.76 [−1.50, −0.03] −0.65 [−1.45, 0.15] −2.13 [−3.18, −1.08]

 Hearing aid users n=320 −0.95 [−2.08, 0.17] −1.21 [−3.04, 0.61] −1.70 [−3.00, −0.40]

 Non-users n=843 −0.69 [−1.49, 0.11] −0.57 [−1.41, 0.27] −2.65 [−4.04, −1.25]

Depressive Symptomsc

Hearing loss (mild + moderate+) 
n=1163 Mild hearing loss n=720 Moderate or worse hearing loss 

n=443

OR 95% CI [LL, UL] OR 95% CI [LL, UL] OR 95% CI [LL, UL]

Normal hearing n=2411 REFERENT

Hearing loss (hearing aid 
users + non-users) n=1163 1.49 [1.16, 1.91] 1.39 [1.05, 1.84] 1.96 [1.38, 2.75]

 Hearing aid users n=320 1.33 [0.91, 1.94] 0.88 [0.39, 1.77] 1.66 [1.07, 2.53]

 Non-users n=843 1.55 [1.19, 2.02] 1.47 [1.09, 1.96] 2.31 [1.51, 3.51]

Note. Cell sizes may vary slightly due to missing data.

a
Adjusted for age, sex, education, marital status, exercise, and n of sites with plaque.

b
Adjusted for age, sex, education, marital status, smoking, exercise, diabetes, BMI, chronic disease and history of head injury.

c
Adjusted for age, sex, education, marital status, noise exposure, exercise, diabetes, chronic disease and history of head injury.
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