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Abstract

Hearing loss is associated with cognitive/physical health; less is known about mental health. 

We investigated associations between hearing loss severity, depression, and health-related quality 

of life among older adults with unaided hearing loss. Data (N=948) were from The Aging 

and Cognitive Health Evaluation in Elders study. Hearing was measured by pure-tone average 

(PTA), Quick Speech-in-Noise (QuickSIN) test, and the Hearing Health Handicap Inventory 

for the Elderly (HHIE-S). Outcomes were validated measures of depression and health-related 
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quality of life. Associations were assessed by negative binomial regression. More severe hearing 

loss was associated with worse physical health-related quality of life (Ratio: 0.98, 95% CI: 

0.96, 1.00). Better QuickSIN was associated with higher mental health-related quality of life 

(1.01[1.00, 1.02]). Worse HHIE-S was associated with depression (1.24[1.16, 1.33]) and worse 

mental (0.97[0.96, 0.98]) and physical (0.95[ 0.93, 0.96]) health-related quality of life. Further 

work will test effects of hearing intervention on mental health.
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Introduction

Hearing loss is associated with communication difficulties (Dalton et al., 2003; Garstecki & 

Erler, 1999), social and activity limitations (Mick et al., 2014; Pronk et al., 2011; Shukla et 

al., 2020), loneliness (H. L. Chen, 1994; Huang et al., 2021; Shukla et al., 2020), reduced 

physical activity and function (Choi, Betz, Deal, et al., 2016; Martinez-Amezcua, Kuo, et 

al., 2021; Martinez-Amezcua, Suen, et al., 2021), and cognitive decline and dementia (Deal 

et al., 2016; Huang et al., 2023; Lin et al., 2011; Livingston et al., 2020). Hearing loss and 

the associated functional consequences of hearing loss may also be associated with poorer 

mental health and quality of life (Dalton et al., 2003; Lawrence et al., 2020; Tseng et al., 

2018).

The prevalence of hearing loss increases with age, with two thirds of older adults over 

70 years having hearing loss (Goman & Lin, 2016). Hearing has multiple components. 

Peripheral hearing refers to the transduction and encoding of sound in the cochlea and is 

typically measured by detection of simple pure tones in quiet (e.g., pure tone audiometry 

[PTA]). Speech-in-noise recognition is another component of hearing that captures the more 

complex and higher order auditory tasks that are important for central auditory function 

(Killion et al., 2004; Smits et al., 2013). Central auditory function includes both bottom-up 

(transmission of auditory signals to the auditory cortex) and top-down processing (cognitive 

function to recognize and interpret the auditory signals) (Shuai & Gong, 2014). Thirdly, the 

self-perceived functional, emotional, and social consequences of hearing loss are also critical 

components of hearing and shown to have strong associations with both mental and physical 

health (Gopinath et al., 2012; Saito et al., 2010).

The prevalence of clinically significant depressive symptomology is high among 

community-dwelling older adults in the United States (10%) (Cao et al., 2020) and nearly 

twice as high among older adults with hearing loss (19%) (Gopinath et al., 2009). Among 

older adults in the Atherosclerosis Risk in Communities Neurocognitive Study, moderate or 

greater hearing loss (PTA ≥ 40 decibels hearing level [dB HL]) is associated with over 2 

times higher odds of clinically significant depressive symptomology (Shukla et al., 2021). 

Additionally, a meta-analysis of 35 studies reports hearing loss (measured objectively in 9 

of 35 of studies) is associated with 1.47 (1.31–1.65) greater odds of prevalent depressive 

symptoms (Lawrence et al., 2020). One study in this meta-analysis assessed speech-in-noise 
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recognition and observed no association with depressive symptoms (Pronk et al., 2011) 

and only one study used a validated measure of the self-perceived functional, emotional, 

and social consequences of hearing loss (The Hearing Handicap Inventory for the Elderly 

[HHIE]). Higher HHIE scores were associated with higher odds of depressive symptoms 

(Saito et al., 2010).

Further, in a systematic review of hearing loss and health-related quality of life, studies 

observed associations between more severe hearing loss (measured by PTA) and worse 

mental and physical health-related quality of life (Tseng et al., 2018). Associations between 

worse self-reported hearing and HHIE with lower health-related quality of life are also 

observed (Gopinath et al., 2012). The association between speech-in-noise recognition 

and health-related quality of life has yet to be examined, to our knowledge, in large 

epidemiologic studies.

Mental health and health-related quality of life are fundamental components of health and 

hearing loss may be a modifiable risk factor. However, much of the prior evidence from 

large, epidemiologic studies is based on subjective hearing. Older adults, in particular, tend 

to underestimate the severity of their hearing loss, which may introduce bias in studies 

aiming to capture associations with objective hearing loss. Further, there are multiple 

components of hearing and some aspects, such as speech-in-noise recognition, are rarely 

included in studies of hearing loss and well-being yet may also be modifiable risk factors for 

poor mental health and health-related quality of life.

This study investigates the cross-sectional associations between hearing loss, depressive 

symptomology, and health related quality of life among older adults with unaided hearing 

loss. We hypothesize that more severe hearing loss is associated with greater depressive 

symptomology and lower health-related quality of life. A secondary objective of this study 

is to investigate the associations of speech-in-noise recognition and the self-perceived 

functional, emotional, and social consequences of hearing loss (HHIE-S) with depressive 

symptomology and health related quality of life. A strength of this study is the availability 

of multiple measures of hearing, which allows a comprehensive investigation of hearing loss 

and its association with well-being.

Methods

Study Population

Data come from the baseline visit (2018–2019) of the Aging and Cognitive Health 

Evaluation in Elders (ACHIEVE) Study (Deal et al., 2018). ACHIEVE is a randomized 

clinical trial designed to test the effect of hearing intervention (Arnold et al., 2022; Sanchez 

et al., 2020) vs. successful aging health education control on cognitive decline in a multi-

center sample of older adults with hearing loss (Clinicaltrials.gov Identifier: NCT03243422, 

IRB protocol number: IRB00008129). Additional details regarding the ACHIEVE study 

design were published elsewhere (Deal et al., 2018).

The ACHIEVE participants are 977 community dwelling older adults aged 70–84 years with 

unaided, audiometric hearing loss (better-hearing ear PTA ≥30 and <70 dB hearing level) 
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and without dementia (Mini-Mental State Exam [MMSE] ≥23 for those with high school 

degree or less, and ≥25 for those with some college education or more). Participants with 

self-reported difficulty in more than two activities of daily living, vision loss, or who were 

ineligible for hearing treatment were excluded. Inclusion and exclusion criteria were chosen 

to recruit participants who were eligible for hearing treatment, not cognitively impaired, and 

physically capable of participating in the study.

ACHIEVE is partially nested within the Atherosclerosis Risk in Communities (ARIC) 

Study with 24.5% of participants recruited from the ARIC Study and 75.5% newly 

recruited from the surrounding communities (de novo). Participants were recruited from four 

communities across the United States (Forsyth County, NC; Jackson, MS; selected suburbs 

of Minneapolis, MN; and Washington County, MD) (Deal et al., 2018). The analytic sample 

includes 948 participants from the baseline visit (2018–2019); participants with missing 

or incomplete hearing (Quick Speech-in-Noise [QuickSIN] test: n=5, Hearing Handicap 

Inventory for the Elderly Screening Vesrion [HHIE-S]: n=7), health-related quality of life 

(n= 1), and covariate data (n=16) were excluded.

Measures

Depressive symptomology—Depressive symptomology was measured by the 

psychometrically validated 11-item Center for Epidemiologic Studies Depression scale 

(CES-D-11) (Cronbach’s alpha: 0.76) (Kohout et al., 1993). The CES-D-11 measures 

frequency of depressive symptoms using 11 questions about depressed and positive affect 

and somatic symptoms and interpersonal symptoms in the past week (less than one day 

in the past week [0 points], one to two days in the past week [1 point], three to seven 

days in the past week [2 points]). Responses were summed across questions, with higher 

scores indicating greater depression symptomology (score range: 0 – 22). The CES-D-11 

was analyzed as a continuous score. A score of ≥ 9 on the CES-D-11 is a cut point used 

to determine clinically significant depressive symptoms. As only 34 participants met this 

criterion in this sample, CES-D-11 was not modeled as a binary measure.

Health-related quality of life—Health-related quality of life was measured by the 

RAND-36 Health Survey (Hays & Morales, 2001). The RAND36 is a psychometrically 

validated measure that includes 36 questions about eight domains of health using a 

past 4 weeks’ interval: physical functioning, physical role limitations, emotional role 

limitations, energy/fatigue, emotional well-being, social functioning, pain, general health 

(Cronbach’s alpha > 0.73 for all domains) (Brazier et al., 1992). For items that asked 

about physical health, participants were instructed to consider hearing as part of their 

physical health. Domain scores range from 0 to 100 with higher scores indicating better 

health-related quality of life. Two subscales (physical health component summary score, 

mental health component summary score) were calculated using the summary component 

scoring algorithm (Taft et al., 2001).

Pure tone average—The ability to detect sound was measured by the air-conduction 

speech-frequency PTA in the better hearing ear. PTA was measured by the average of 

hearing thresholds at four frequencies (0.5, 1, 2, 4 kilohertz [kHz]). Hearing assessment was 

Huang et al. Page 4

J Appl Gerontol. Author manuscript; available in PMC 2024 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



conducted in a single-walled, 7×7 sound attenuating WhisperRoom by a study audiologist. 

PTA was analyzed as a continuous score (per 10 decibels [dB] worse hearing level [HL], 

higher PTA indicates worse hearing) and as a categorical measure defined according to 

clinical cut points consistent with the World Health Organization: mild (20 – 34.9 dB HL), 

moderate or greater (≥ 35 dB HL) (World Health Organization, 2021).

Speech-in-noise recognition—Speech-in-noise recognition was measured by the Quick 

Speech-in-Noise (QuickSIN) test (Killion et al., 2004) in a single-walled, 7×7 sound 

attenuating WhisperRoom by a study audiologist. Participants were presented with a list 

of 6 sentences with five key “target” words per sentence. Sentences were presented at 

70 dB sound pressure level in the presence of multi-talker (speech babble) background 

noise. With each sentence, the intensity of background noise was progressively increased 

in 5-dB increments so that the signal-to-noise ratio decreased with each sentence (+25 dB 

[first sentence] to no difference [last sentence]). Participants were asked to identify the 

five key words after each sentence. Two lists were presented to each participant, with the 

total number of key words identified in each list calculated and then averaged over the 

two trials (score range: 0 – 30, higher scores indicate better speech-in-noise performance). 

Speech-in-noise performance was analyzed as a continuous score and as a binary measure 

(top three quartiles vs. lowest quartile [worse]).

Self-perceived functional, emotional, and social consequences of hearing 
loss—Self-perceived functional, emotional, and social consequences of hearing loss was 

measured by the 10-item screening version of the HHIE (HHIE-S) (Cronbach’s alpha: 0.87) 

(Lichtenstein et al., 1988; Ventry & Weinstein, 1982). The HHIE-S assesses functional, 

social, and emotional components of hearing loss such as embarrassment, and limits 

on personal and social life. HHIE-S score was analyzed continuously (score range: 0 

[no hearing handicap] – 40 [maximum hearing handicap]) and categorically (no hearing 

handicap [0–8], mild to moderate hearing handicap [10–24], severe hearing handicap [26–

40]).

Covariates—Covariates include age, sex (male, female), race (White, Black/African 

American, Other [Asian, American Indian, Native American, Native Hawaiian, Pacific 

Islander]), education (elementary or some high school, completed high school or some 

college, Bachelor’s degree or greater), marital status (married, not married), hypertension 

(systolic blood pressure >=140 mm Hg or diastolic >=90 mm Hg), high cholesterol 

(self-reported or medication use), diabetes (self-reported or medication use), stroke or 

transient ischemic attack (self-reported or medication use), and study design characteristics 

(recruitment type [recruited from the ARIC Study or de novo], study site [Forsyth County, 

NC; Jackson, MS; selected suburbs of Minneapolis, MN; and Washington County, MD]).

Statistical Analysis

The distribution (frequency [proportion], mean [standard deviation]) of participant 

characteristics by hearing loss severity was described. The independent associations between 

each hearing measure and depressive symptomology, mental health related quality of 

life, and physical health-related quality of life were assessed in separate models using 
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multivariable-adjusted negative binomial regression due to skew (depressive symptomology: 

positive skew [mean > median], mental and physical health-related quality of life: negative 

skew [mean < median]) and overdispersion (variance > mean) in the distribution of 

the dependent variables. Estimates are reported as ratios. For depressive symptomology 

(higher CES-D-11 scores indicate worse depressive symptomology), ratio >1 indicates 

association with greater depressive symptomology and ratio <1 indicates association with 

less depressive symptomology. For health-related quality of life (higher RAND-36 scores 

indicate better health quality of life), ratio >1 indicates and association with greater health 

related quality of life and ratio <1 indicates association with lower health related quality of 

life.

In secondary analyses, associations of QuickSIN speech-in-noise recognition and HHIE-S 

with depressive symptomology, mental health related quality of life, and physical health-

related quality of life were assessed using the same approach. Associations with each 

subdomain of the RAND-36 scale (physical functioning, physical role limitation, emotional 

role limitation, energy/fatigue, emotional well-being, social functioning, pain, general 

health) were also assessed. All models were adjusted for age, sex, race, education, marital 

status, hypertension, high cholesterol, diabetes, stroke, and study design characteristics. In 

a sensitivity analysis, associations of QuickSIN speech-in-noise recognition and HHIE-S 

with depressive symptomology and mental and physical component scores were additionally 

adjusted for PTA.

The primary estimands for inference in this study were the differences in depressive 

symptomology, physical health related quality of life, and mental health related quality of 

life from the fully adjusted models for continuously modeled PTA. Analyses were conducted 

with Stata 17 (StataCorp, 2021).

Results

The mean age of the sample was 76.8 (4.0) years. Participants were 53.9% female, 87.7% 

White, and 53.4% had a Bachelor’s degree or higher (Table 1). Participants had mild 

(28.9%) or moderate or greater (71.1%) hearing loss (Table 2). Mean CES-D-11 score was 

2.5 (Standard Deviation [SD]: 2.5). Mean RAND-36 mental health component score was 

56.3 (SD: 6.6) and mean RAND-36 physical health component score was 44.8 (SD: 9.8) 

(Table 2). Strength of the correlation between hearing measures was moderate to high (PTA 

and QuickSIN: r = −0.55, PTA and HHIE-S: 0.29, QuickSIN and HHIE-S: −0.24).

More severe hearing loss was associated with lower (worse) physical health component 

scores (per 10 dB higher PTA: Ratio: 0.98, 95% CI: 0.96,1.00) (Table 4). When PTA was 

modeled as a binary measure, estimates suggested lower (worse) physical health component 

scores among those with moderate or greater hearing loss (vs. mild hearing loss [reference]) 

but estimates were not statistically significant. Associations with depressive symptomology 

(Table 3) and mental health component score (Table 4) were similar between those with 

moderate or greater vs. mild hearing loss.
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Greater speech-in-noise recognition was associated with higher (better) mental health 

component score (per 5 unit higher QuickSIN score: Ratio: 1.01, 95% CI: 1.00, 1.02) 

(Table 4). When QuickSIN speech-in-noise recognition was modeled as a binary measure, 

estimates suggested higher (better) mental health component score among participants 

scoring in the top 3 quartiles of QuickSIN speech-in-noise recognition (vs. lowest 

quartile [reference]) but were not statistically significant. Associations with depressive 

symptomology and physical health component score were similar by QuickSIN speech-in-

noise recognition score (Tables 3 and 4).

Greater functional, social, and emotional impacts of hearing loss (HHIE-S score) was 

associated with greater depressive symptomology score (per 10 units higher HHIE-S score: 

Ratio: 1.24, 95% CI: 1.16, 1.33). Higher HHIE-S score was also associated with lower 

(worse) mental (per 10 units higher HHIE-S score: Ratio: 0.97, 95% CI: 0.96,0.98) and 

physical health component scores (per 10 units higher HHIE-S score: Ratio: 0.95, 95% 

CI: 0.93,0.96), but HHIE-S and RAND-36 likely measure similar constructs. Findings were 

consistent when HHIE-S was modeled categorically (Tables 3 and 4).

Associations between hearing (PTA, QuickSIN speech-in-noise recognition, HHIE-S) and 

each of the 8 subdomains of the RAND-36 Health Survey were also assessed (Table 5, 

Supplementary Table 1). Every 10 dB worse PTA (per 10 dB worse PTA) was associated 

with 4% lower (worse) scores in physical functioning (Ratio: 0.96, 95% CI: 0.93,0.99) 

and 3% lower (worse) scores in social functioning (Ratio: 0.97, 95% CI: 0.95,0.99). 

Higher QuickSIN speech-in-noise recognition (per 5 unit better QuickSIN performance) was 

associated with higher (better) scores in energy (Ratio: 1.02, 95% CI: 1.00, 1.05) and higher 

(better) social functioning score (Ratio: 1.02, 95% CI: 1.01,1.04). Greater HHIE-S (per 10 

unit worse HHIE-S score) was associated with lower (worse) scores in all 8 subdomains 

(physical functioning: Ratio: 0.93, 95% CI: 0.91,0.95, physical role limitation: Ratio: 0.84, 

95% CI: 0.78,0.90, emotional role limitation: Ratio: 0.94, 95% CI: 0.91,0.97, energy/fatigue: 

Ratio: 0.92, 95% CI: 0.90, 0.94, emotional well-being: Ratio: 0.96, 95% CI: 0.95,0.97, 

social functioning: Ratio: 0.93, 95% CI: 0.91, 0.94, pain: Ratio: 0.95, 95% CI: 0.93,0.97, 

general health: Ratio: 0.94, 95% CI: 0.93,0.96).

In a sensitivity analysis, associations of QuickSIN speech-in-noise recognition and HHIE-S 

with depressive symptomology and mental and physical component summary scores were 

additionally adjusted for PTA. Estimates were similar in magnitude as estimates produced in 

the primary analysis (Supplemental Tables 2 and 3).

Discussion

This study investigated, among older adults with unaided hearing loss, the cross-sectional 

associations of hearing loss severity, speech-in-noise recognition, and HHIE with depressive 

symptomology over the past week and health related quality of life over the past month. 

Greater hearing loss severity (i.e., higher PTA) was cross-sectionally associated with worse 

physical health quality of life. Better speech-in-noise recognition was associated with 

higher mental health quality of life. Associations with depressive symptomology were 

similar between mild and moderate or greater hearing loss as well as by level of speech-in-
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noise recognition. Greater self-perceived functional, emotional, and social consequences of 

hearing loss was associated with greater depressive symptomology and poorer health-related 

quality of life. Collectively, these results suggest hearing loss is an important part of health-

related quality of life.

To our knowledge, no other studies have investigated hearing loss severity, depressive 

symptomology, and health-related quality of life in a sample of only older adults with 

unaided hearing loss. Thus, findings from the current study add to the literature by 

allowing investigation across levels of hearing loss but are difficult to compare to findings 

from studies that include participants across the full range of hearing (and compare 

to participants with normal hearing) as analytic approaches and interpretations differ. 

Differences in findings between the current study and prior studies may also be attributed 

to differences in measurement of exposures and outcomes and other differences in sample 

characteristics. Notably, ACHIEVE is a clinical trial and participants who elect to participate 

may have lower depressive symptomology (only 4% meet criteria for clinical depressive 

symptomology [CES-D-11 score >= 9]) than participants from other observational studies. 

Participants in ACHIEVE also have unaided hearing loss, do not have dementia, are 

primarily White (87.7%) or Black (11.6%), and were recruited from specific geographical 

areas.

The current study suggests that older adults with mild hearing loss may experience 

depressive symptoms similarly to those with moderate or greater hearing loss. In the ARIC 

Study, of which 24% of participants in the current study are co-enrolled, moderate or 

greater hearing loss (PTA ≥ 40 db HL) was associated with over 2 times higher odds 

of depressive symptoms compared to normal hearing (Shukla et al., 2021). Some studies 

including participants with the full range of hearing did not observe significant associations 

between PTA and depression symptomology (Kiely et al., 2013; Mener et al., 2013; Mick 

& Pichora-Fuller, 2016) while others observe associations in specific subgroups (e.g. older 

women (Li et al., 2014; Scinicariello et al., 2019), Hispanic older adults (Golub et al., 

2019)) (Lawrence et al., 2020). Prior investigations of HHIE, speech-in-noise recognition, 

and depressive symptomology are limited. In a cohort of community dwelling, older adults 

in Japan, greater HHIE-S score was associated with nearly 2.5 times higher odds of 

depressive symptoms, independent of PTA, over 3 years (Saito et al., 2010). In addition, 

one study investigating speech-in-noise recognition found no association with depression 

symptomology (Pronk et al., 2011).

For health-related quality of life, Chew et al. found, among older adults with unaided 

hearing loss, PTA was not associated with mental or physical health related quality of life 

or any subdomains of quality of life (measured by the Short Form-36 Health Survey, SF-36) 

(Chew & Yeak, 2010). Findings from Chew et al. are in contrast to findings from the current 

study potentially due to differences in study population (participants were younger [50 

years and older] and recruited from an audiology clinic). Worse PTA among older adults in 

Beaver Dam, WI was associated with lower mental and physical health summary scores and 

lower scores on six of the eight domains of quality of life. These domains include physical 

functioning, emotional role limitations, and social functioning, concurrent with findings 

from the current study (Dalton et al., 2003).
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The association between PTA and physical health related quality of life observed in the 

current study may be explained by reduced physical activity (Martinez-Amezcua et al., 

2022; Martinez-Amezcua, Suen, et al., 2021), lower physical function (D. S. Chen et 

al., 2015; Martinez-Amezcua, Kuo, et al., 2021), and impaired perception of environment 

auditory cues, which can affect balance (Campos et al., 2018), in older adults with hearing 

loss. Further, in this study, greater speech-in-noise recognition was associated with greater 

mental, but not physical, health quality of life. This component of hearing is important 

for communication and particularly important for many social settings where background 

noise is high (e.g., restaurants). Those with greater speech-in-noise recognition may be less 

likely to withdraw from conversational settings and more likely to maintain robust social 

connections and engagement activities that maintain mental health related quality of life. 

Additionally, observed associations between greater speech-in-noise recognition and higher 

energy (less fatigue) may reflect the impact of cognitive load. Cognitive load refers to the 

greater cognitive resources needed to process speech and sound in the presence of hearing 

loss and low speech-in-noise recognition; high cognitive load can lead to greater feelings of 

fatigue.

While HHIE-S was consistently associated with health-related quality life, these measures 

likely reflect similar constructs. Observed associations may suggest, however, that the self-

perceived functional and emotional consequences of hearing loss could be an important 

component of overall health-related quality of life among older adults with unaided hearing 

loss. HHIE was a stronger predictor than PTA of the multiple components of quality life 

among older adults in the Blue Mountains Hearing Study (Gopinath et al., 2012). Similarly, 

among older adults in Beaver Dam, Wisconsin, HHIE was associated with lower SF-36 

mental and physical health component summary scores as well as lower scores in all quality 

of life subdomains (Dalton et al., 2003).

The social functioning subdomain was the only subdomain associated with all three 

measures of hearing (PTA, QuickSIN speech-in-noise recognition, HHIE-S). These findings 

are consistent with a growing body of research demonstrating greater loneliness and social 

isolation among older adults with hearing loss (Huang et al., 2021; Mick et al., 2014; Shukla 

et al., 2020; Sung et al., 2016). Older adults with greater hearing loss may have more 

difficulty communicating (Pichora-Fuller et al., 2016) and withdraw from engaging with 

friends and family (Mick et al., 2014; Pichora-Fuller et al., 2015), particularly in situations 

where background noise is high, which can lead to greater social isolation and loneliness, 

components of quality of life and risk factors for depression. Hearing loss has been linked to 

greater social and emotional loneliness, reduced social support, and reduced engagement in 

social activities (Pronk et al., 2011; Shukla et al., 2020). Perceived functional and emotional 

impacts of hearing loss may also reflect confidence and perceived capacity to engage with 

others and participate in activities that contribute to positive mood and greater quality of life.

Limitations

This study presents the baseline associations between hearing loss, depressive 

symptomology, and health related quality of life among participants in the ACHIEVE 

Study. This study is cross-sectional and the directionality of the association as well as 
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persistence or specific patterns of depression symptomology and health-related quality 

of life over time could not be established. This study does, however, set the stage for 

future longitudinal investigations of this association with continued follow-up of ACHIEVE 

participants. Additionally, as all participants had hearing loss, this study was able to compare 

associations of hearing loss, depressive symptoms, and health related quality of life within 

levels of hearing loss, however comparisons between those with hearing loss vs. normal 

hearing could not be made. Given the moderate sample size, this study fills a gap in the 

literature by allowing investigation of differences in depression and health related quality 

of life by hearing loss severity. Finally, participants had unaided hearing loss and were 

recruited from four communities in the U.S. Generalizability to the broader population of 

older adults of different races, ethnicities, education levels, geographic areas, as well as to 

older adults with treated hearing loss in the U.S. may be limited.

Implications

Mental health and well-being are critical components of health in older adults. Identifying 

older adults with higher risk for depression and poor health related quality of life who 

may benefit from prevention intervention is important for maintaining mental health and 

potentially reducing risk for downstream poor health outcomes (Almeida, 2014; Cuijpers 

et al., 2012). An increased clinical awareness of mental health considerations among 

older adults with hearing loss or those who self-report poor functional, emotional, and 

social consequences of hearing loss is needed. Similarly, greater awareness among mental 

health professionals of the link between hearing loss and mental health may aid in care 

and treatment decisions. The HHIE-S (Ventry & Weinstein, 1982) is a short and easily 

administered questionnaire that could have greater utility in audiological as well as primary 

and mental health care settings to quickly identify hearing concerns potentially linked to 

mental health concerns.

Further, greater HHIE-S scores reflect the perceived functional challenges associated, in 

part, with hearing loss but also with challenges attributed to hearing loss-related stigma 

(Wallhagen, 2010) and low hearing accessibility, or lack thereof, in one’s environment 

(Clarke et al., 2011; Jaiswal et al., 2020). Older adults with the same severity of hearing 

loss may have varying levels of HHIE-S scores based on the hearing-related demands of 

the environments in which they navigate. Greater accessibility for individuals with hearing 

loss in the built environment (e.g. noisy restaurants, retail settings) and work to destigmatize 

hearing loss can lower barriers of engagement in social and public spaces, potentially 

alleviating perceived functional and emotional impacts of hearing loss, and improve mental 

health and well-being.

Additionally, among older adults with hearing loss, hearing treatment has been shown to 

benefit not only the ability to detect sound but perceived hearing handicap as well (Dawes 

et al., 2015) and may serve as an effective intervention for reducing risk for depression 

and poor health related quality of life. Some observational studies suggested hearing aid 

use and treatment was associated with reduced odds of both major depressive disorder 

and depressive symptomology (Choi, Betz, Li, et al., 2016; Mahmoudi et al., 2019; Mener 

et al., 2013) as well as improved quality of life (Chisolm et al., 2007; Contrera et al., 
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2016; Mondelli & de Souza, 2012). Evidence of hearing treatment effect from randomized 

controlled trials is, however, lacking. The ACHIEVE study (Clinicaltrials.gov Identifier: 

NCT03243422) will test the effect of hearing intervention (vs. a successful aging health 

education control) on depressive symptomology and health related quality of life as pre-

specified exploratory outcomes.

In conclusion, in a sample of older adults with unaided hearing loss, worse hearing was 

associated with worse physical health-related quality of life. Speech-in-noise recognition 

was associated with mental health-related quality of life and self-perceived functional, 

emotional, and social consequences of hearing loss was associated with both depressive 

symptomology and health-related quality of life. Future work may assess potential mediators 

and moderations of this association and whether hearing intervention may be efficacious for 

reducing depressive symptomology and improving health-related quality of life among older 

adults with hearing loss.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What this paper adds

• There is evidence of an association between hearing loss and cognitive and 

physical health; this study fills a gap in the less understood area of hearing 

loss and mental health

• This study uniquely measures multiple dimensions of hearing allowing a 

comprehensive investigation of how hearing loss and its impact on activity 

participation are associated with mental health

Application of study findings

• The HHIE-S is a short questionnaire that could be useful for identifying older 

adults who may struggle with mental health

• Future investigation in this clinical trial will test whether hearing intervention 

is efficacious for mental health and well-being
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Table 1:

Participant characteristics by hearing level (N=948), Aging and Cognitive Health Evaluation in Elders 

(ACHIEVE) Study, 2018–2019

Total Mild Hearing Lossc Moderate or Greater Hearing Lossc

N=948 N=274 N=674

Age, mean (SD) 76.8 (4.0) 75.9 (3.9) 77.1 (3.9)

Sex, n (%)

Female 511 (53.9) 162 (59.1) 349 (51.8)

Race, n (%)

White 831 (87.7) 246 (89.8) 585 (86.8)

Black/African American 110 (11.6) 27 (9.9) 83 (12.3)

Other a 7 (0.7) 1 (0.4) 6 (0.9)

Education, n (%)

 Some High School or Elementary 35 (3.7) 8 (2.9) 27 (4.0)

 High School Diploma or Some College 407 (42.9) 100 (36.5) 307 (45.5)

 Bachelor Degree or Higher 506 (53.4) 166 (60.6) 340 (50.4)

Marital status, n (%)

 Married 584 (61.6) 180 (65.7) 404 (59.9)

Hypertension, n (%) 636 (67.1) 174 (63.5) 462 (68.5)

High cholesterol, n (%) 571 (60.2) 163 (59.5) 408 (60.5)

Diabetes, n (%) 190 (20.0) 44 (16.1) 146 (21.7)

Stroke, n (%) 79 ( 8.3) 16 ( 5.8) 63 ( 9.3)

Recruitment type, n (%)

 ARICb 232 (24.5) 68 (24.8) 164 (24.3)

 De novo 716 (75.5) 206 (75.2) 510 (75.7)

Study site, n (%)

 Forsyth County, NC 234 (24.7) 70 (25.5) 164 (24.3)

 Jackson, MS 235 (24.8) 58 (21.2) 177 (26.3)

 Minneapolis, MN 228 (24.1) 69 (25.2) 159 (23.6)

 Washington County, MD 251 (26.5) 77 (28.1) 174 (25.8)

Notes:

a
Other race includes Asian (n=6), American Indian, Native American, Native Hawaiian, Pacific Islander (n=3)

b
ARIC: Atherosclerosis Risk in Communities Study

c
Mild hearing loss: four-frequency pure-tone average 20–34.9 dB HL, Moderate or greater hearing loss: four-frequency pure-tone average ≥35 dB 

HL
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Table 2:

Hearing characteristics, depressive symptoms, and health-related quality of life by hearing level (N=948), 

Aging and Cognitive Health Evaluation in Elders (ACHIEVE) Study, 2018–2019

Total Mild Hearing Lossa
Moderate or Greater 

Hearing Lossa

N=948 N=274 N=674

Hearing Characteristics

Pure tone average, mean (SD) 39.4 (6.8) 32.2 (1.5) 42.3 (5.9)

Quick Speech-in-Noise (QuickSIN) Score, mean (SD) 18.4 (5.2) 21.3 (3.0) 17.2 (5.5)

Hearing Handicap Inventory for the Elderly (HHIE-S) 15.3 (9.7) 12.6 (8.8) 16.3 (9.8)

Depressive symptoms (CESD-11)c, mean (SD) 2.5 (2.5) 2.3 (2.4) 2.5 (2.5)

Health-Related Quality of Life (RAND36) d

Physical Functioning, mean (SD) 75.3 (22.0) 78.6 (20.2) 74.0 (22.5)

Physical Role Limitations, mean (SD) 71.1 (37.1) 74.9 (36.1) 69.5 (37.4)

Emotional Role Limitations, mean (SD) 90.5 (23.6) 92.1 (21.5) 89.9 (24.4)

Energy/Fatigue, mean (SD) 63.7 (18.8) 64.6 (18.9) 63.3 (18.7)

Emotional Well-being, mean (SD) 85.5 (12.0) 85.2 (11.0) 85.6 (12.4)

Social Functioning, mean (SD) 87.8 (18.3) 89.6 (16.1) 87.1 (19.1)

Pain, mean (SD) 73.4 (22.6) 73.6 (21.7) 73.4 (23.0)

General Health, mean (SD) 69.5 (17.4) 70.9 (16.9) 68.9 (17.6)

Mental Health-Related Quality of Life Component Score, mean (SD) 56.3 (6.6) 56.2 (6.3) 56.3 (6.8)

Physical Health-Related Quality of Life Component Score, mean (SD) 44.8 (9.8) 46.0 (9.4) 44.3 (9.9)

Notes:

a
Mild hearing loss: four-frequency pure-tone average 20–34.9 dB HL, Moderate or greater hearing loss: four-frequency pure-tone average ≥35 dB 

HL

b
QuickSIN score range: 0 – 30; HHIE-S score range: 0 – 40

c
CESD-11 score range: 0 – 22

d
RAND36 domain and component score ranges: 0 −100
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Table 3:

Association between PTA, QuickSIN speech-in-noise recognition, and HHIE-S and depression symptomology 

(N=948), Aging and Cognitive Health Evaluation in Elders (ACHIEVE) Study, 2018–2019

Depression Symptomology

Mean(SD) Ratio 95% CI

Pure-Tone Average (PTA)

Mild Hearing Impairment 2.3 (2.4) Ref. Ref.

≥ Moderate Hearing Impairment 2.5 (2.5) 1.01 0.88,1.17

Per 10-dB worse PTA 1.03 0.93,1.13

Quick Speech-in-Noise (QuickSIN) Recognition

Lowest quartile (worse function) 2.5 (2.7) Ref. Ref.

Top 3 quartiles 2.4 (2.4) 1.02 0.88,1.19

Per 5-unit better QuickSIN performance 0.98 0.92,1.05

Hearing Handicap Inventory for the Elderly (HHIE-S)

None 2.1 (2.4) Ref. Ref.

Mild/Moderate 2.3 (2.2) 1.12 0.96,1.30

Severe 3.7 (3.1) 1.76 1.46,2.12

Per 10-unit worse HHIE-S 1.24 1.16,1.33

Notes:

Abbreviations: SD: Standard Deviation, CI: Confidence Interval

Models adjusted for age, sex, race, education, marital status, hypertension, high cholesterol, diabetes, stroke, use of prescription medication for 
depression, and study design characteristics.
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Table 4:

Association between PTA, QuickSIN speech-in-noise recognition, and HHIE-S and health-related quality of 

life (N=948), Aging and Cognitive Health Evaluation in Elders (ACHIEVE) Study, 2018–2019

Mental Health-Related Quality of Life Physical Health-Related Quality of Life

Mean (SD) Ratio 95% CI Mean (SD) Ratio 95% CI

Pure Tone Average (PTA)

Mild Hearing Impairment 56.2 (6.3) Ref. Ref. 46.0 (9.4) Ref. Ref.

≥ Moderate Hearing Impairment 56.3 (6.8) 1.00 0.98,1.02 44.3 (9.9) 0.98 0.95,1.01

Per 10-dB worse PTA 0.99 0.98,1.01 0.98 0.96,1.00

Quick Speech-in-Noise (QuickSIN) Understanding

Lowest quartile (worse function) 55.5 (7.5) Ref. Ref. 43.3 (10.4) Ref. Ref.

Top 3 quartiles 56.5 (6.3) 1.02 1.00,1.04 45.3 (9.5) 1.02 0.99,1.05

Per 5-unit better QuickSIN performance 1.01 1.00,1.02 1.01 0.99,1.02

Hearing Handicap Inventory for the Elderly 
(HHIE-S)

None 58.1 (5.0) Ref. Ref. 47.0 (8.7) Ref. Ref.

Mild/Moderate 56.4 (6.1) 0.97 0.95,0.99 45.0 (9.3) 0.94 0.91,0.97

Severe 52.8 (8.9) 0.91 0.88,0.93 40.7 (11.2) 0.88 0.84,0.92

Per 10-unit worse HHIE-S 0.97 0.96,0.98 0.95 0.93,0.96

Notes:

Abbreviations: SD: Standard Deviation, CI: Confidence Interval

Models adjusted for age, sex, race, education, marital status, hypertension, high cholesterol, diabetes, stroke, use of prescription medication for 
depression, and study design characteristics
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