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Abstract

Objective: To assess whether the relationship between hearing and depressive symptoms is 

present among older adults classified as normal hearing (≤25 dB).

Design: Cross-sectional epidemiologic study embedded within a prospective cohort study 

(Hispanic Community Health Study)

Setting: Multi-centered at 4 US communities (New York, Chicago, Miami, San Diego)

Participants: Adults ≥50 years old (n=5,499) with normal hearing or hearing loss.
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Measurements: The primary exposure was hearing, defined continuously by the 4-frequency 

pure-tone average on audiometry (mean hearing threshold, in dB, at 500, 1000, 2000, and 4000 Hz 

pitch). Hearing was additionally categorized into normal hearing (≤25 dB) and hearing loss (>25 

dB). The main outcome was depressive symptoms, measured with the Center for Epidemiologic 

Studies Depression Scale-10 (CESD-10). Depressive symptoms were defined both continuously 

and binarily (where CESD-10 ≥ 10 was categorized as clinically significant depressive symptoms). 

Multivariable linear, logistic, and generalized additive modeling (GAM) regressions were 

performed.

Results: Worse hearing was related to higher depressive symptoms among those with normal 

hearing in GAM regression. Among those with normal hearing, the CESD-10 score increased by 

1.04 points (95% CI = 0.70, 1.37) for every 10 dB decrease in hearing, adjusting for age, gender, 

education, cardiovascular disease, and hearing aid use. Among those with hearing loss, the 

CESD-10 score increased by 0.62 points (95% CI = 0.23, 1.01) for every 10 dB decrease in 

hearing, adjusting for the same confounders. Similar findings were noted when the outcome was 

clinically significant depressive symptoms (adjusted OR=1.28 [1.14, 1.44] in normal hearing 

versus 1.26 [1.11, 1.44] in HL). In certain sensitivity analyses, the relationship between hearing 

and depressive symptoms was significantly stronger among those with normal hearing than in 

those with hearing loss.

Conclusion: The relationship between hearing and clinically significant depressive symptoms is 

present among older adults with normal hearing (<25 dB). We introduce the term subclinical 

hearing loss as imperfect hearing that is classically defined as normal (1–25 dB). The relationship 

between hearing and late life depressive symptoms may be more sensitive than previously 

recognized.
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INTRODUCTION

Age-related hearing loss (HL) is the third most common disorder of later life.1 Nearly 80% 

of those over 80 years old are affected.2 Until recently, HL has been regarded as a mere 

nuisance with no broader health consequences. Growing evidence now links HL to a host of 

more serious age-related conditions, including depression3–6 and neurocognitive disorders.
7–9 At the same time, treatment with hearing aids is universally uncommon, even in 

countries where they are covered by national healthcare.10 In the United States, fewer than 

15% of adults with HL wear hearing aids.11 Given its high prevalence and low treatment 

levels, HL has thus gained interest as a potentially modifiable risk factor for mood12 and 

neurocognitive disorders.13 This interest has led to the recent passage of the Over the 

Counter Hearing Aid Act,14 which will greatly improve the accessibility of HL treatment.

The level at which HL begins to have a deleterious association with depressive symptoms is 

unknown. Hearing is defined continuously, with perfect hearing at 0 dB and larger numbers 

indicating worse hearing. In adults, hearing ≤25 dB is arbitrarily, but widely, defined as 

normal. Many, however, have suggested that these criteria are insufficiently strict15, 16. For 
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example, in children the cutoff is typically defined at a stricter 20 dB, suggesting an unfair 

double standard.17 The definition of HL and recommendations of when to begin hearing aids 

are not evidence-based.

We have recently described an unexpected relationship between hearing and cognition 

among those with normal hearing (≤25 dB). We introduced the term subclinical HL, defined 

as imperfect hearing that is classically defined as normal (i.e., 1–25 dB).18 Whether 

associations exist between hearing and other neuropsychiatric conditions of older life among 

those with normal hearing has been unstudied.

Depression is a highly prevalent and disabling disorder in later life.2 Herein, we examine the 

relationship between the full spectrum of hearing and depressive symptoms. We focus on 

those considered to have normal hearing as defined by the historic ≤25 dB cutoff. We 

hypothesized that an association between worse hearing and worse depressive symptoms is 

present in those with normal hearing (≤25 dB).

METHODS

Study Cohort

The Hispanic Community Health Study/Study of Latinos (HCHS) is a community-based 

prospective study centered at four US sites (Bronx, NY; Chicago, IL; Miami, FL; and San 

Diego, CA). The majority of participants had both audiometry and a well-being/quality of 

life assessment that included the Center for Epidemiologic Studies Depression Scale-10 

(CESD-10). Testing was conducted in Spanish or English based on preference. While the 

cohort is longitudinal, only the 2008–2011 wave of data has been released. A cross-sectional 

analysis was performed.

There were originally 14,155 participants. The analysis was restricted to those at risk for 

age-related HL, thus participants <50 years old (n=7,980) or with early-onset HL (n=212) 

were excluded. Participants with missing audiometry (n=241), covariate data (n=194), or 

CESD-10 (n=29) were also excluded. This left 5,499 participants for analysis. (Figure 1)

Hearing (Exposure)

Hearing was measured objectively with pure tone audiometry. Hearing thresholds (in dB, 

decibel hearing level), were measured from 500 (low pitch) to 8,000 Hz (high pitch). Worse 

hearing is indicated by higher dB thresholds. Hearing, the main exposure variable, was 

operationally defined as the four-frequency pure tone average (PTA), which is the mean 

threshold (dB) at 500, 1000, 2000, and 4000 Hz.19

The widely used PTA cutoff of 25 dB20 was used to divide participants into classically-

defined normal hearing (PTA ≤25) and HL (PTA >25 dB). Subclinical HL, a term we 

introduced,21 is defined as imperfect hearing that is classically defined as normal (PTA 1–25 

dB). An alternative, more stringent cutoff of PTA 15 dB was used for part of the analysis to 

divide participants into strict normal hearing (PTA ≤15 dB) and strict HL (PTA >15 dB).
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Depressive Symptoms (Outcome)

Depressive symptoms were ascertained with the 10-item Center for Epidemiologic Studies 

Depression Rating Scale (CESD-10).22 Both the continuous CESD-10 and a binarized 

CESD-10 were used. The binary outcome was created because it is clinically useful to 

define a cut-point for clinically significant depressive symptoms (CSDS). This cut-point was 

≥10, which has been associated with greater adverse health outcomes and disability in older 

adults.23, 24 CESD-10 ≥ 10 has good predictive accuracy compared to the standard CESD-20 

cut-point of ≥ 16.25

Alternative outcomes were used in sensitivity analyses. The CESD-10 cutpoint for CSDS is 

less rigidly defined than for the CESD-20. We thus used an alternative definition of a 

CESD-10 cut-point of ≥16.26 We also used antidepressant use (yes/no by documented 

prescription of any antidepressant class plus self-declared use in the past 4 weeks). This 

might capture subjects with previously diagnosed depression or depressive symptoms who 

currently have lower CESD-10 scores because of treatment.

Covariates

Variables that might confound the association between HL and depressive symptoms were 

added to the multivariable (also sometimes termed multivariate) models. These included age 

(years), hearing aid use (yes/no), gender (man/woman, self-reported), education (years), and 

cardiovascular disease. Cardiovascular disease is a potential confounder because it could 

cause both HL and depressive symptoms. A composite cardiovascular disease variable 

aggregating several risk factors was created to avoid multicollinearity.27 A point was added 

for each of 3 risk factors including coronary artery disease (any history of electrocardiogram 

with old/possible old myocardial infarction, angina, heart attack, angioplasty, or cardiac 

surgery), hypertension (blood pressure ≥140/90 or on hypertensive medications), and/or 

history of transient ischemic attack/stroke (self-reported). In addition, 1 additional point was 

added for borderline diabetes (fasting glucose 100–125 mg/dL or post-oral glucose tolerance 

test 140–199 mg/dL or HbA1C 5.7–6.5%) or 2 additional points for diabetes (fasting 

glucose ≥126 mg/dL or non-fasting glucose ≥200 mg/dL or post-oral glucose tolerance test 

≥200 mg/dL or HbA1C ≥6.5%). The score range was 0 (no cardiovascular risk factors) to 5 

(all cardiovascular risk factors).28 In a sensitivity analysis, lab-measured C-reactive protein, 

an inflammatory marker, was added as a covariate.

Statistical Analysis

Continuous variables were described using means and standard deviations. Categorical 

variables were described using frequencies and proportions.

Three regression modelling strategies were used to flexibly examine associations between 

exposure (hearing) and outcome (depressive symptoms):

(1a) Linear regression,—which assumes that the average score on the continuous 

CESD-10 correlates linearly with hearing. The univariable model is given by: CESD– 10 

Score = β0 + β 1 Hearing + ε, where β0 is the intercept, β1is the change in average CESD-10 
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score for a 10 dB decrease in hearing (i.e., 10 dB increase in PTA). While this model is 

simple and easily interpreted, it does not encompass non-linear relationships.

(1b) Logistic regression.—This model is similar to (1a) except that logistic regression 

is used along with the binarized CESD-10 outcome.

(2) Generalized additive modeling (GAM)29, assuming a smooth, possibly 
non-linear effect of hearing on depressive symptoms.—This technique creates a 

relationship between hearing and continuous CESD-10 that is determined by the data rather 

than being pre-specified. In other words, GAM does not assume a particular a priori 
functional relationship (such as linearity) between hearing and depressive symptoms. 

Resultingly, it may allow a better fit than linear regression. The univariable GAM is given 

by: CESD– 10 Score = β0 + g (Hearing) + ε, where β0 and ε are as above, and g (∙) is a 

smooth, non-linear function that is estimated using penalized regression splines.30 A 

smoothing parameter controls the smoothness of the estimate for g (∙), selected to minimize 

the generalized cross validation score, a measure of model fit.30 In contrast to linear 

regression, GAMs do not produce point estimates. Instead, the interpretation of the model 

comes from a visual plot.

(3a) Separate linear regressions for those with and those without HL.—Linear 

regression models are fit such that the linear effect of hearing on continuous CESD-10 

depends on whether a person has normal hearing or HL. These models were created to 

summarize the GAM regression via linear models, which are more familiar to most 

investigators. The model is given CESD– 10 Score = β0 +β1Hearing + β2Group + β3Hearing 
∗ Group + ε, where Group = 1 if a subject has HL, or 0 if he/she has normal hearing. The 

other components are similar to those of model type (1a), above. The threshold between 

normal hearing and HL was the commonly-employed 25 dB cutoff,20 supported a posteriori 
from GAM modelling. An alternative, stricter HL cutpoint of 15 dB was also used.31 Testing 

β3 = 0 allows us to determine if the linear effect of hearing on CESD-10 changes depending 

on whether the subject has HL. Because our research question specifically asked what the 

regressions slopes were among those with normal hearing, we planned to present this 

stratum’s data whether or not the interaction term (β3) is significant.

(3b) Separate logistic regressions for those with and those without HL.—This 

is the same as (3a), except logistic regression is used along with the binarized CESD-10 

outcome.

For each of the 3 regression strategies, we fit univariable models with hearing as the sole 

predictor. We then fit similar multivariable models, adjusting for age, gender, education, 

cardiovascular disease score, and hearing aid use. Akaike information criteria (AIC) was 

used to determine model fits for a given outcome across different regression strategies 

(lower values are better).

Logistic regression (1b and 3b, above) was used for the binary outcome because the existing 

literature on the hearing loss-depression association overwhelming uses logistic regression, 

thus allowing comparisons with results from previous studies.3–6, 32 Since logistic regression 
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does not directly estimate prevalence ratios, and the odds ratio does not approximate the 

prevalence ratio when the outcome is common (as in our sample), we additionally fit 

Poisson regression (with a log-link function) models using the same outcome and predictors 

as the logistic models in a sensitivity analysis.

Estimates are presented with 95% confidence intervals (CI) unless otherwise indicated. Data 

analysis was performed in R 3.6.0 (R Foundation for Statistical Computing) with RStudio 

1.2.1335 (RStudio, Inc, Boston, MA). GAM modeling was performed with the mgcv 

package.30, 33 Statistical significance was considered at the p<0.05 level (two-tailed).

RESULTS

Baseline Characteristics

Study subject characteristics are detailed in Table 1. There were 5,499 subjects, 4,517 with 

normal hearing (≤25 dB) and 982 with HL (>25 dB). The mean age was 58.6 years (±6.3 

SD). Men comprised 38.5% of subjects. Hearing aid use was only 0.9% overall and 4% 

among those with HL. Hearing aid use was kept as a model covariate, despite its low use, 

because it could theoretically have a meaningful effect.

Regression Analyses

(1a) Linear regression.—Assumptions of linear regression were assessed and met. In 

simple, univariable linear regression, depressive symptoms increased as hearing decreased 

(Figure 2a; Table 2, Model 1). For every 10 dB decrease in hearing, the CESD-10 score 

increased by 0.35 points (95% CI = 0.19, 0.51). A 10 dB decrease in hearing is 

approximately equal to a half-category decrease (i.e., across categories of normal, mild, 

moderate, moderately-severe, severe, and profound HL). Associations were strengthened in 

multivariable regression, adjusting for confounders (Figure 2b; Table 2, Model 2). For every 

10 dB decrease in hearing, the CESD-10 score increased by 0.71 points (0.54, 0.89), 

adjusting for age, gender, education level, cardiovascular disease, and hearing aid use.

(1b) Logistic regression.—Similar findings were noted when we used logistic 

regression where the outcome, CSDS, was binary. In the univariable model, for every 10 dB 

decrease in hearing, the odds of CSDS increased 1.13 times (1.07, 1.19). The findings were 

strengthened in the multivariable model. For every 10 dB decrease in hearing, the odds of 

CSDS increased 1.24 times (1.17, 1.31), adjusting for age, gender, education level, 

cardiovascular disease, and hearing aid use.

(2) GAM regression.—Smooth effect curves were created to explore the relationships 

between hearing and CESD-10 without the constraints of a linear model. As hearing 

decreased, CESD-10 increased, both for the univariable (Figure 2a) and multivariable 

(Figure 2b) model. In the multivariable model, the relationship was stronger. All 

relationships were significant at p<0.001 (the smooth effect curve was non-constant).

Notably the relationship appeared as strong, or possibly stronger, among those with normal 

hearing compared to those with HL. Furthermore, the 95% confidence interval for the GAM 

regression did not overlap the linear regression line for the majority of subjects with normal 
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hearing. Akaike information criterion (AIC) values indicated improved goodness-of-fit in 

GAM models versus linear regression models (Supplemental Table 1).

(3a) Separate linear regressions for those with and those without HL.—
Because the GAM regression illustrated a relationship between hearing and depressive 

symptoms among those with normal hearing, we decided to examine this group specifically. 

Two separate groups of multivariable linear regression models were created: among those 

with normal hearing (≤25 dB) and those with HL (>25 dB). In both groups, the adjusted 

relationship between hearing and depressive symptoms was significant (p<0.01) (Figure 3; 

Table 2, Models 3 and 4)

Among those with normal hearing, the CESD-10 score increased by 1.04 points (0.70, 1.37) 

for every 10 dB decrease in hearing, adjusting for the same confounders. Among those with 

HL, the CESD-10 score increased by 0.62 point (0.23, 1.01) for every 10 dB decrease in 

hearing, adjusting for confounders. (Figure 3a; Table 2, Models 3 and 4)

Significant differences of the adjusted relationship between hearing and depressive 

symptoms between stratified groups (i.e., normal hearing vs HL) were then tested by 

creating a single multivariable regression model with an interaction term between 

continuous and binary hearing. There was no significant difference between normal hearing 

and HL (interaction term p=0.09)

Because the relationship between hearing and depressive symptoms was consistently, and 

unexpectedly, seen among those with normal hearing, we hypothesized that the cutpoint for 

defining normal hearing was not strict enough. The analysis was then performed again using 

a more stringent cutpoint of 15 dB31 to create groups of strict normal hearing (PTA ≤15 dB) 

and strict HL (PTA >15 dB). Among those with strict normal hearing, the CESD-10 score 

increased by 1.38 points (0.67, 2.09) for every 10 dB decrease in hearing. Among those with 

strict HL, the CESD-10 score increased by 0.54 point (0.29, 0.78) for every 10 dB decrease 

in hearing. (Figure 3b; Table 2, Models 5 and 6)

Significant differences of the adjusted hearing-depressive symptoms relationship between 

stratified strict groups (i.e., strict normal vs strict HL) were then tested by through a single 

multivariable regression model with an interaction term between continuous and binary 

hearing. There was a significantly stronger relationship between hearing and depressive 

symptoms among those with strict normal hearing compare to those with strict HL 

(interaction term p=0.03).

(3b) Separate logistic regressions for those with and those without HL.—
Similar findings were noted when we used logistic regression, where the outcome, CSDS, 

was binary. Among those with normal hearing, the odds of CSDS increased 1.28 times 

(1.14, 1.44) for every 10 dB decrease in hearing. Among those with HL, the odds increased 

1.26 (1.11, 1.44) for every 10 dB decrease in hearing. (Table 2, Models 3 and 4). There was 

no significant difference in associations between normal hearing and HL (interaction term 

p=0.96).
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The analysis was then performed again using the more stringent cutpoint of 15 dB31 to 

create groups of strict normal hearing (PTA ≤15 dB) and strict HL (PTA >15 dB). Similar to 

the linear regression analysis, the association was strengthened in logistic regression. 

Among those with strict normal hearing, the odds of CSDS increased 1.54 times (1.20, 1.99) 

for every 10 dB decrease in hearing. Among those with HL, the odds increased 1.22 times 

(1.12, 1.33) for every 10 dB decrease in hearing. (Table 2, Models 5 and 6) There was no 

significant difference in associations between strict normal hearing and strict HL (interaction 

term p=0.15).

Sensitivity Analyses

In a sensitivity analysis, we used alternative definitions to define binary depressive 

symptoms. First, we used an alternative definition for CSDS of CESD-10 ≥ 16.26 The 

relationship between hearing and CSDS remained significant among those with both normal 

hearing and strict normal hearing. Second, we defined depressive symptoms by use of 

antidepressants (yes/no). Similar findings were noted. (Supplemental Table 2) For both of 

these alternative outcomes, the relationship was significantly stronger among those with 

normal hearing (regardless of the cutpoint) than HL (interaction terms p<0.05).34

In an additional sensitivity analysis, C-reactive protein, a measure of inflammation, was 

added to the main models as a potential confounder. The hearing-depressive symptoms 

relationship was minimally attenuated (e.g., coefficient change from 1.04 [0.70, 1.37] to 

1.03 [0.70, 1.37] among those with normal hearing.)

Finally, Poisson regression (with a log-link function) was performed ins order to directly 

estimate prevalence ratios. In the fully adjusted model, the prevalence of clinically 

significant depressive symptoms increased 1.17 (1.07, 1.27) times for every 10 dB decrease 

in hearing among those with normal hearing compared to 1.12 (1.03, 1.21) times among 

those with HL. (Supplemental Table 3)

DISCUSSION

An association was seen between worse hearing and higher depressive symptoms among 

those with normal hearing, as traditionally defined by a pure tone average ≤25 dB, even after 

adjustment for various confounders, including age, gender, education, cardiovascular 

disease, and hearing aid use. We observed similar findings regardless of whether depressive 

symptoms were defined continuously or binarily as CSDS. This follows a recent parallel 

finding that worse hearing is associated with worse cognition among those with normal 

hearing.18

Some have proposed stricter definitions of HL in adults. In children, 20 dB is often 

employed. This suggests an unequitable double standard whereby hearing is valued more in 

children than it is in adults. In adults, 15 dB has rarely been used.17, 31 We performed the 

analysis using a stricter HL cutoff of 15 dB, yet this cutoff only strengthened the previously 

observed patterns. In fact, the relationship between hearing and depressive symptoms 

(defined continuously) was stronger among those with strict HL than those with strict 

normal hearing.
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Biologically, hearing is a continuum and there is no absolute threshold defining normal and 

abnormal. The value of 0 dB hearing level is artificially set based on historic, normative data 

from organizations such as the American National Standards Institute (ANSI).17 Technically, 

any value above this (>0 dB) is worse, on average, than these normative data. In clinical 

practice, however, more lenient cutoffs are used so that half the population is not labeled 

with HL. We propose the term subclinical HL, defined as imperfect hearing (>0 dB) but 

within the currently accepted normal range (≤25 dB for adults). For clinical purposes, it may 

be prudent to recommend a more patient-friendly term for the upper range of subclinical HL, 

such as borderline HL, for 16–25 dB. The term borderline is sometimes used today among 

children, so it would be familiar.17 Future research is needed to validate the use of these 

terms.

To our knowledge, no prior study has looked at whether the association between HL and 

depressive symptoms is present among those with normal hearing. The majority of studies 

observing an association between hearing and depression (or depressive symptoms) have 

used crude, subjective hearing measures,35–37 which are inadequately sensitive and subject 

to bias.34 Studies that included objective audiometry usually categorize HL, using the entire 

normal category as a reference.4, 6, 38, 39 Studies looking at audiometric hearing 

continuously are rare and have not specifically examined the relationship among those with 

normal hearing.6

The observed relationships between HL and depressive symptoms were clinically 

meaningful. Changes in outcomes were expressed in terms of a relatively small 10 dB unit 

decrease in hearing, which is approximately a half-category hearing drop (where categories 

are normal, mild, moderate, moderately-severe, severe, and profound). It may be more 

intuitive to think of results in terms of a change in hearing from perfect (0 dB) to the low 

range of normal (25 dB). Thus, the CESD-10 score dropped approximately 2.6 points (95% 

CI = 1.8, 3.4) as hearing decreased from perfect to the low range of normal, adjusting for 

potential confounders. Similarly, the odds of clinically significant depressive symptoms 

nearly doubled (OR = 1.9; 95% CI = 1.4, 2.5) as hearing decreased from perfect to the low 

range of normal.

The relationships between HL and depressive symptoms could be explained by confounders 

or mediators. Confounders cause both HL and depressive symptoms, refuting a causal 

pathway between HL and depressive symptoms. In contrast, mediators would act as an 

intermediary on a causal pathway between hearing and depressive symptoms. A number of 

key confounders were adjusted for in this study, including age, sex, education, 

cardiovascular disease, and inflammation. Socialization and impaired cognition may act as a 

mediators of a mechanistic relationship between hearing and depressive symptoms. 

Decreased hearing might increase social isolation40, 41 and loneliness42, 43 which, in turn, 

might increase the risk of depressive symptoms. Encouragingly, the pathway may be 

modifiable as loneliness has improved with certain treatments for HL.42, 44 In one 

randomized controlled trial, hearing aids improved both social function and depressive 

symptoms.45 Decreased hearing might lead to impaired cognition, which, in turn, could lead 

to depressive symptoms.6

Golub et al. Page 9

Am J Geriatr Psychiatry. Author manuscript; available in PMC 2021 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Reverse causation, where depressive symptoms cause HL, cannot be definitively ruled out in 

this cross-sectional design. For example, depressed individuals may be less likely to protect 

against noise exposure, which can result in noise-induced HL. However, we rarely observed 

HL centered at 4000 Hz, the hallmark of noise damage. In addition, subjects with depressive 

symptoms may concentrate less during hearing testing, resulting in worse scores. While 

impossible to fully discount, test examiners were certified in conducting audiometry, which 

includes checking for reliability and consistency. Audiometry has a test-retest reliability of 

nearly 99%.46

Why would the relationship between hearing and depressive symptoms be present among 

those with normal hearing? Perhaps hearing should not be thought of as a disability with a 

cutpoint below which there is a deleterious effect. Rather, hearing may be an ability, where 

more is simply better. If healthy socialization protects against depressive symptoms, then 

any biologic advantage that enhances socialization may reduce the risk of depressive 

symptoms. Hearing well, or even better than average, may therefore confer extra advantage. 

For example, many normal hearing individuals have difficulty conversing in noisy 

restaurants. Those with superior hearing may be at a unique advantage and have, on average, 

more meaningful social connections than those who struggle to follow conversations. 

Moreover, those who have greater ease communicating in social settings may tend to seek 

out these settings in the future, creating a positive loop. Subclinical HL has also been 

recently association with impaired cognition.21 It is possible that superior hearing facilitates 

social engagement, which in turn promotes cognitively stimulating input, thereby improving 

cognitive function, which in turn reduces the risk for depressive symptoms.

One could also speculate on an analogy between HL and hypertension. Hypertension used to 

be considered physiologic and was rarely treated.47 Over time, hypertension was defined as 

pathologic and treated at relatively high levels. The definition has since become stricter. 

Today, a blood pressure of 120/80 is considered high.48, 49 These changes resulted from 

sequential evidence showing a benefit of increasingly aggressive hypertension treatment. 

This level of evidence is lacking for HL and illustrates the need for randomized controlled 

trials.

In a sensitivity analysis, the relationship between hearing and alternative binary definitions 

of depressive symptoms held or became stronger among those with normal hearing. The 

relationship between hearing and CSDS defined by an alternative CESD-10 cutpoint of 16 

was stronger among those with normal hearing than those with HL. The same was noted 

when depressive symptoms were defined by antidepressant use.

This study has limitations. Analysis was cross-sectional, which does not allow causal 

inference. While other studies have shown that HL predicts later depressive symptoms,50 we 

cannot show this temporality. It is possible that early declines in both hearing and mood are 

related to common aging-related processes. We adjusted for major potential confounders. 

However, it is possible that unmeasured or unknown factors confound the relationship 

between hearing and depressive symptoms. Because HCHS is community-based, few 

individuals had severe to profound HL, resulting in greater uncertainty among these 
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individuals in regression models. Oversampling these individuals could be considered in 

future epidemiologic studies.

This study has strengths. We used a large, multicentered national study with a high-quality 

audiometric hearing measure, rare among studies of hearing and depressive symptoms (or 

depression).51 We also studied Hispanics, a group that despite growing in the US52 has 

historically been neglected in research. Results were robust to four different outcomes, two 

types of hearing categorization, and several types of regression. This includes GAM 

regression, which does not assume any particular (for example, linear) relationship between 

hearing and depressive symptoms.

In conclusion, decreasing hearing was independently associated with CSDS among adults 

with subclinical HL. The effect of hearing on depressive symptom risk may begin earlier 

than previously recognized. Future studies examining whether treating HL can reduce 

depressive symptoms should consider a lower threshold for defining HL.
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Refer to Web version on PubMed Central for supplementary material.
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HIGHLIGHTS

• It is unknown whether the association between hearing and depressive 

symptoms already exists among older adults classified as having normal 

hearing.

• Worse hearing was associated with worse depressive symptoms among those 

classified as having normal hearing, despite adjusting for confounders.

• The relationship between age-related hearing loss and depressive symptoms is 

present at an earlier stage of hearing loss than previously recognized.
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Figure 1. 
Diagram of study subject inclusion and exclusion from the Hispanic Community Health 

Study (HCHS).
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Figure 2. 
Depressive symptoms (Center for Epidemiologic Studies Depression Scale, 10-item score; 

CESD-10) versus hearing assessed with general additive models (GAMs; solid red lines ± 1 

pointwise standard error confidence intervals in light red shading). Linear regression models 

(dashed blue lines) are used for comparison. (a) Univariable models. (b) Multivariable 

models, adjusting for age, gender, education level, cardiovascular disease, and hearing aid 

use. *p<0.001 for linear and GAM regression. Normal hearing defined by pure tone average 

≤25 dB; hearing loss defined by pure tone average >25 dB.
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Figure 3. 
Depressive symptoms (Center for Epidemiologic Studies Depression Scale, 10-item score; 

CESD-10) versus hearing assessed with separate multivariable linear regressions among 

normal hearing (light blue) or hearing loss (dark blue) subjects. All models are multivariable 

and adjust for age, gender, education level, cardiovascular disease, and hearing aid use. (a) 
Classic definition of normal hearing (≤25 dB) and hearing loss (>25 dB). (b) Strict 
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definition of normal hearing (≤15 dB) and hearing loss (>15 dB). *p<0.05 for a hearing 

stratum. †p<0.05 for a difference between the two hearing strata.
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Table 1.

Subject Characteristics Stratified by Hearing Loss Status; Hispanic Community Health Study (HCHS)

Total
Normal Hearing 

(≤25 dB)
Hearing Loss (>25 

dB) Test Statistic
a

DF p

No. 5499 4517 982 N/A N/A N/A

Age, Mean ± SD 58.6 ± 6.3 57.8 ± 5.9 62.2 ± 6.7 t = −19.0 1335 <0.001

Men, No. (%) 2115 (38.5) 1599 (35.4) 516 (52.5) X2 = 99.5 1 <0.001

Hearing Aid Use, No. (%) 48 (0.9) 9 (0.2) 39 (4.0) X2 = 128.3 1 <0.001

Education, Years, Mean ± SD 10.3 ± 4.8 10.6 ± 4.7 9.1 ± 4.7 t = 8.8 1450 <0.001

Antidepressant Use, No (%) 553 (10.1) 437 (9.7) 116 (11.8) X2 = 3.8 1 <0.05

Cardiovascular Disease Score
b
, Mean ± 

SD
1.7 ± 1.1 1.6 ± 1.1 1.9 ± 1.1 t = −8.3 1413 <0.001

Cardiovascular Disease Score 
Components, No. (%)

 Coronary artery disease 640 (11.6) 480 (10.6) 160 (16.3) X2 = 24.6 1 <0.001

 Hypertension 2652 (48.2) 2095 (46.4) 557 (56.7) X2 = 34.1 1 <0.001

 Stroke 145 (2.6) 105 (2.3) 40 (4.1) X2 = 8.9 1 <0.01

 Diabetes

  Impaired glucose tolerance 2728 (49.6) 2254 (49.9) 474 (48.3)

  Diabetes 1539 (28.0) 1200 (26.6) 339 (34.5) X2 = 33.1 2 <0.001

CESD-10 Score, Mean ± SD 7.8 ± 6.5 7.7 ± 6.4 8.2 ± 6.7 t = −2.1 1397 <0.05

Clinically Significant Depressive 
Symptoms (CESD-10 ≥ 10), No. (%) 1836 (33.4) 1469 (32.5) 367 (37.4) X2 = 8.3 1 <0.01

Clinically Significant Depressive 
Symptoms (CESD-10 ≥ 16), No. (%) 728 (13.2) 581 (12.9) 147 (15.0) X2 = 2.9 1 0.09

CESD-10 = Center for Epidemiologic Studies Depression Scale-10, HL = hearing loss, SD = standard deviation. DF = degrees of freedom

a
The test used is indicated by the test statistic. The chi-squared test was used for categorical variables, the t-test was used for continuous variables

b
Cardiovascular disease score ranges from 0 (lowest) to 5 (highest). Points were assigned for each prevalent component (1 for coronary artery 

disease, 1 for hypertension, 1 for stroke; 1 for impaired glucose tolerance, 2 for diabetes).
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Table 2.

Regression Models for Depressive Symptoms Based on Hearing Loss; Hispanic Community Health Study 

(HCHS)

Linear Regression Logistic Regression

Model

CESD-10 Score 
Difference Per 10 dB 
Decrease in Hearing 

(95% CI) t DF p

OR of Clinically 
Significant Depressive 

Symptoms
a
 Per 10 dB 

Decrease in Hearing 
(95% CI) Wald X2 DF p

1. Univariable 0.35 (0.19, 0.51) 4.30 5497 <0.001 1.13 (1.07, 1.19) 21.8 1 <0.001

2. Multivariable 0.71 (0.54, 0.89) 8.08 5492 <0.001 1.24 (1.17, 1.31) 49.4 1 <0.001

3. Multivariable, Restricted 
to Normal Hearing (≤25 dB) 1.04 (0.70, 1.37) 6.04 4510 <0.001 1.28 (1.14, 1.44) 17.1 1 <0.001

4. Multivariable, Restricted 
to Hearing Loss (>25 dB) 0.62 (0.23, 1.01) 3.11 975 <0.001 1.26 (1.11, 1.44) 12.3 1 <0.001

5. Multivariable, Restricted 
to Strict Normal Hearing 
(≤15 dB) 1.38 (0.67, 2.09) 3.83 2626 <0.001 1.54 (1.20, 1.99) 11.5 1 <0.001

6. Multivariable, Restricted 
to Strict Hearing Loss (>15 
dB) 0.54 (0.29, 0.78) 4.23 2859 <0.01 1.22 (1.12, 1.33) 21.7 1 <0.01

a
Clinically significant depressive symptoms defined by CESD-10 score ≥ 10

HCHS (n=5,499), HCHS restricted to normal hearing (n=4,517) or HL (n=982), HCHS restricted to strict normal hearing (n=2,633) or strict HL 
(n=2,866)

Univariable models contain only hearing loss as a predictor. Multivariable models contain hearing loss and adjust for age, gender, education level, 
cardiovascular disease, and hearing aid use.
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