
A Precision Medicine Tool to Understand Who Responds Best to 
Hearing Aids in Late-Life Depression

Katharine K. Brewster, MD,
Columbia University Vagelos College of Physicians and Surgeons, New York State Psychiatric 
Institute, 1051 Riverside Drive, Box 92, New York, NY 10032

Sigal Zilcha-Mano, PhD,
Department of Psychology, University of Haifa, Israel

Meredith L. Wallace, PhD,
University of Pittsburgh, Department of Psychiatry

Ana H. Kim, MD,
Columbia University Vagelos College of Physicians and Surgeons, Columbia University, 
Department of Otolaryngology—Head and Neck Surgery

Patrick J. Brown, PhD,
Columbia University Vagelos College of Physicians and Surgeons, New York State Psychiatric 
Institute

Steven P. Roose, MD,
Columbia University Vagelos College of Physicians and Surgeons, New York State Psychiatric 
Institute

Justin S. Golub, MD, MS,
Columbia University Vagelos College of Physicians and Surgeons, Columbia University, 
Department of Otolaryngology—Head and Neck Surgery

Jessica Galatioto, AuD,
Columbia University Vagelos College of Physicians and Surgeons, Columbia University, 
Department of Otolaryngology—Head and Neck Surgery

Megan Kuhlmey, AuD,

646 774 6380 (telephone), Katharine.brewster@nyspi.columbia.edu.
Author Contributions: Drs. Brewster and Rutherford had full access to all the data in the study and take responsibility for the 
integrity of the data and the accuracy of the data analysis. Dr. Rutherford designed the study, obtained funding, interpreted the 
data, and prepared this manuscript for publication. Dr. Brewster made contributions to the conception of the study, acquisition, and 
interpretation of the data, and prepared the manuscript for publication. Dr. Zilcha-Mano played a significant role in the data analysis. 
Drs. Roose, Brown, Kim, Golub, Kuhlmey, and Galatioto and made contributions to the conception of the study, acquisition of the 
data, and interpretation of the data.

Conflicts of Interest: Drs. Brewster, Zilcha-Mano, Wallace, Brown, Roose, Kuhlmey and Galatioto have no disclosures or conflicts of 
interest to report. Dr. Rutherford and Dr. Kim report receiving support in the form of hearing aids for this study from Phonak Ltd. Dr. 
Kim receives research support from Advanced Bionics. Dr. Golub received travel expenses for industry-sponsored meetings (Cochlear, 
Advanced Bionics, Oticon Medical), consulting fees or honoraria (Oticon Medical, Auditory Insight, Optinose, Abbott, Decibel 
Therapeutics), and department received unrestricted educational grants (Storz, Stryker, Acclarent, 3NT, Decibel Therapeutics).

Previous Presentation: This paper has not been previously presented anywhere else.

HHS Public Access
Author manuscript
Int J Geriatr Psychiatry. Author manuscript; available in PMC 2023 February 21.

Published in final edited form as:
Int J Geriatr Psychiatry. 2022 June ; 37(6): . doi:10.1002/gps.5721.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Columbia University Vagelos College of Physicians and Surgeons, Columbia University 
Department of Otolaryngology—Head and Neck Surgery

Bret R. Rutherford, MD
Columbia University Vagelos College of Physicians and Surgeons, New York State Psychiatric 
Institute

Abstract

Objectives: Accumulating evidence suggests that hearing loss (HL) treatment may benefit 

depressive symptoms among older adults with Major Depressive Disorder (MDD), but the specific 

individual characteristics of those who stand to improve most are unknown.

Methods: N=37 patients ≥60 years with HL and MDD received either active or sham hearing 

aids in this 12-week double-blind randomized controlled trial. A combined moderator approach 

was utilized in the analysis in order to examine multiple different pretreatment individual 

characteristics to determine the specific qualities that predicted the best depressive symptom 

response to hearing aids. Pretreatment characteristics included: Hearing Handicap Inventory 

for the Elderly (HHIE-S), pure tone average (PTA), speech reception threshold (SRT), Short 

Physical Performance Battery (SPPB), cognition (Repeatable Battery for the Assessment of 

Neuropsychological Status).

Results: The analysis revealed a combined moderator, predicting greater improvement with 

active versus sham hearing aids, that had a larger effect size than any individual moderator 

(combined effect size [ES]=0.49 [95% CI: 0.36, 0.76]). Individuals with worse hearing-related 

disability (HHIE-S: individual ES=−0.16), speech recognition (SRT: individual ES=−0.14), 

physical performance (SPPB: individual ES=0.41), and language functioning (individual ES=0.19) 

but with relatively less severe audiometric thresholds (PTA: individual ES=0.17) experienced 

greater depressive symptom improvement with active hearing aids.

Conclusions: Older adults with relatively worse HL-related, physical, and cognitive functioning 

may stand to benefit most from hearing aids. Given the large number of older adults experiencing 

HL and MDD, a non-invasive and scalable means of targeting those most likely to respond to 

interventions would be valuable.
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INTRODUCTION

Age-related hearing loss (HL) is a common health condition affecting older adults,1 and it 

has been estimated that by 2050 nearly one in four individuals worldwide will experience 

HL.2 HL can be a significant risk factor for neuropsychiatric dysfunction in older adults, 

including cognitive decline3–5 and major depressive disorder (MDD)6. Risk posed by HL 

for MDD has been identified in multiple independent datasets,4,7 in individuals of different 

ethnicities,8 and even in older adults with subclinical HL (i.e., at a level still considered 

“normal”).9 Unfortunately, it has been estimated that >85% of Americans with HL are 

untreated, as over 22.9 million older Americans with HL do not use hearing aids.10
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Recent evidence suggests that hearing rehabilitation may not only improve hearing ability 

and quality of life but can also have beneficial effects on depression. For example, 

naturalistic studies of neuropsychiatric status have shown depressive symptom improvement 

after treatment with both hearing aids and cochlear implants.11–13 One study comparing 

hearing treatment to a wait list control group observed increased self-reported quality-of-life 

and decreased depressive symptoms post hearing aid prescription,14 but wait list groups are 

in general weak controls that may result in an overestimation of treatment effects. A recent 

randomized controlled trial found improvement in depressive symptoms after 4-weeks of 

aural rehabilitation,15 but did not select participants with clinically significant depressive 

symptoms, thus limiting the generalizability of such results to a population with MDD.

Our research group examined the effects of hearing aids in HL and MDD in two rigorously 

controlled pilot studies that included comprehensive audiologic, psychiatric, and cognitive 

assessments as well as double-blind randomization to either hearing aids or sham hearing 

aids.16,17 In the first study of N=13 participants with MDD and HL, we found that 

treatment with hearing aids (versus sham) was associated with greater improvement in 

depressive symptoms and immediate recall on a measure of episodic memory functioning.16 

In a subsequent trial of N=25 participants, we found that hearing aids were associated 

with improvements in executive and episodic memory functioning.17 While hearing aid 

treatment was effective in improving hearing functioning in this study, no significant effect 

of treatment on the primary depression outcome was observed.17

Due to the relatively small sample size of these studies, it is possible that they were 

underpowered to detect the effects of hearing aids on depressive symptoms. One may also 

hypothesize that we failed to observe an effect of hearing aids on depressive symptoms due 

to the heterogeneity of the sample, as participants varied widely in their hearing, cognitive, 

and physical characteristics. Despite the high prevalence of HL (40 million Americans), 

little is known about the clinical characteristics of individuals with HL and MDD whose 

depression may respond best to hearing aids. Given the vast underutilization of hearing 

aids, a better understanding of these patient-related factors may allow the implementation 

of a precision medicine model, ensuring that individuals with the factors most associated 

with treatment response are maximizing health benefits from hearing aids. For example, as 

speech recognition can vary among individuals with the same degree of HL, poor speech 

recognition may identify individuals with communication difficulties who may be at highest 

risk for depression and thus benefit most from hearing rehabilitation. In addition, HL has 

been associated with decreased physical functioning18 and frailty;19 as frailty is highly 

comorbid in older adults with MDD and is associated with worse antidepressant treatment 

response,20 it would be instructive to know whether poor physical functioning may affect an 

individual’s depressive symptom response to hearing aids.

In the present analysis, we sought to identify characteristics of older adults with comorbid 

HL and MDD whose depressive symptoms were most likely to benefit from treatment with 

hearing aids. To do this we aggregated data from our pilot studies, which largely shared 

selection criteria, randomized controlled trial methodology, and assessments, and applied a 

combined moderator statistical approach. This approach was chosen because of its ability to 

use multiple different baseline characteristics (or moderators) to determine which treatment 
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may be optimally suited for the individual patient, as it has been proposed that the strongest 

determinations for personalized treatment selection may require simultaneous consideration 

of multiple moderators.21,22 It has been successfully utilized in other randomized controlled 

trials in MDD to indicate which treatment is preferable for an individual based on specific 

clinical characteristics.21,23,24 This statistical design can account for interactions between 

variables, which we felt was helpful given the significant inter-relationships between an 

individual’s hearing capacities, physical functioning, cognition, and psychiatric status. 

As such, we hypothesized that a combined moderator approach accounting for multiple 

interacting variables would show an improved ability to differentiate response to hearing 

aids vs. sham over any individual factor it comprises. Given the vast numbers of older 

adults experiencing HL and depressive symptoms as well as the continuing high expense of 

hearing aids, a means of predicting which individuals are most likely to benefit using easily 

obtainable and non-invasive assessments would be highly valuable.

METHODS

Participants

Data from two 12-week pilot randomized controlled trials of hearing aids for HL and 

MDD with similar methodology were aggregated for the purpose of this analysis.16,17 

Study methodology for both studies was previously published.16,17 All participants were 

adults aged ≥60 years who met Diagnostic and Statistical Manual 5 (DSM-V)25 criteria 

for MDD or persistent depressive disorder of at least six months’ duration and had a 

24-item Hamilton Rating Scale for Depression (HRSD)26 score ≥16. Participants were 

excluded for history of psychosis or bipolar disorder, recent hearing aid use, substance 

abuse/dependence within the past year, probable dementia, Mini-Mental State Examination 

(MMSE) score ≤24, significant suicidality, current treatment with antipsychotics or mood 

stabilizers, contraindication to hearing aid placement, and acute/unstable medical illness.

Between the two studies, eligibility criteria varied only by HL severity. In the first study, 

all participants had mild to severe HL with a pure-tone average (PTA) ≥30dB HL (mean 

hearing threshold at 0.5, 1, 2, and 4 kHz in the better hearing ear).16 In the subsequent 

study, all participants had moderate to profound HL with a PTA ≥50dB HL (mean hearing 

threshold at 2 and 3 kHz in the better hearing ear).17

Study Assessments

Study assessments were identical in the two 12-week studies included in this analysis 

and were described elsewhere.16,17 A Structured Clinical Interview Diagnostic for DSM-V 

(SCID)27 was performed at baseline to confirm participant eligibility. Depressive symptoms 

were assessed using the 24-item HRSD and was performed at Weeks 0, 2, 4, 6, and 12. 

For audiological assessment, participants were seated in a double walled sound-attenuated 

booth, and pure tone testing was performed using insert earphones and bone conducted 

stimuli. Pure tone average (PTA) was measured as the average hearing threshold at 500, 

1000, 2000, and 4000Hz in the better hearing ear. Speech reception thresholds (SRT) 

were obtained in each ear using standard spondee words. The Hearing Handicap Inventory 

for the Elderly Screening Version (HHIE-S)28 was used to assess the social/emotional 
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effects of HL. The Short Physical Performance Battery (SPPB)29 provided measures of 

gait, balance, and lower extremity strength. The Repeatable Battery for the Assessment 

of Neuropsychological Status for Hearing Impaired Individuals (RBANS-H)30,31 evaluated 

attention, memory, language, and visuospatial/constructional ability.

Hearing aid intervention and psychiatric treatment as usual (TAU)

In both studies, active and sham hearing aids were Audeo B-R 90 devices manufactured 

by Phonak (Aurora, IL) and were added to psychiatric TAU in a naturalistic study design. 

Active and sham hearing aids were identical in appearance, battery use, and data logging 

capability. Real ear measures were performed to verify fitting, education and counseling 

was provided regarding the use of the hearing aid, and participants were informed that a 

minimum of 8 hours/day hearing aid usage was required to stay in the study. After hearing 

aid fitting, individuals in the active and sham hearing aid groups underwent the exact same 

audiological procedures and all participants had follow-up audiology appointments at Weeks 

2, 6, and 12, which served to verify fitting and provide counseling. Further details regarding 

hearing aid procedures were previously published.16,17

In the initial pilot study of N=13 participants, active hearing aids were programmed to 100% 

gain targets, while sham hearing aids were programmed to flat hearing threshold of 10 

dB HL across all frequencies.16 Active hearing aids were programmed to 100% prescribed 

(NAL-2) target gain (amplification) and verified within the test box (Verifit) for the HL 

that was entered. The sham hearing threshold was chosen to be a small but noticeable 

volume increase without substantively improving the ability to discriminate speech. Based 

on a discussion of the clinical options and their preference, participants could continue their 

antidepressant medication if they were taking one, start a new medication, or participate in 

the study while off medications.

In the subsequent study of N=25 participants, hearing aids were programmed to the same 

100% gain targets, but sham hearing aids were programmed to a flat hearing threshold of 

30 dB HL.17 A 30 dB HL gain was chosen based on results from the earlier pilot study that 

revealed inadequate concealment of treatment allocation when the devices were programmed 

to a smaller gain.16 All participants were on antidepressant medications through the study 

and decided to either start a study medication (escitalopram or duloxetine) or be continued 

on the medications they were already taking prior to study enrollment. For participants 

who chose to start a study medication, medication was titrated up to a therapeutic dose as 

clinically indicated (escitalopram up to 20 mg, duloxetine up to 90 mg).

Data Analysis

Baseline characteristics were assessed using means and standard deviations for continuous 

measures and percentages for categorical measures, and were compared between the 

hearing aid groups using two-sample t-tests (continuous measures) and Chi-squared 

tests (categorical measures). Analysis of covariance (ANCOVA) was used to analyze 

the between-group differences (i.e., active-sham effect) on HRSD outcomes. HRSD was 

modeled as the change from baseline (Week 0) to the end of study (Week 12) with predictors 

including baseline HRSD, group (active vs. sham), and covariates of age and education.
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In the combined moderator analysis, all moderators were standardized. Two individuals 

with missing observations for HRSD post-treatment. Missing observations were imputed 

using a linear regression model with random effect for individual and slope. There were 

20 missing observations for the moderators across different variables, which were imputed 

using the Mice procedure in R. We first created a new data set from all possible pairs of 

an individual in the active h (Condition 1) and sham hearing aid (Condition 2) conditions 

(n1*n2 pairs, where ni is the number of individuals in condition I, i=1,2).32 For each pair, we 

calculated the average moderator value (for each moderator) and HRSD change from pre-

treatment to post-treatment. For each potential moderator, we computed the non-parametric 

Spearman correlations in the new data set between the differences in HRSD changes and 

each moderator average across all pairs. Non-parametric Spearman correlation was used 

to allow for non-normally distributed moderators and to reduce the potential influence of 

outliers in the data.

Second, we created the combined moderator, which is an optimally weighted combination 

of individual moderators. Individual moderators that were considered in the combined model 

included pre-treatment assessments of hearing, cognitive, and physical functioning. When 

considering all 15 variables, the resulting effect size (ES) was 0.63 [95% CI: 0.64, 0.97]), 

where the point estimate of the combined moderator ES was not included in its own CI. 

To reduce the CI length, we decided to include fewer moderators to create the combined 

moderator and selected the five moderators that had the largest association with the outcome 

as estimated above. Next, the weight assigned to each individual moderator selected in the 

preliminary step was estimated using a LASSO regression with the glmnet package in R. 

The dependent variable in the LASSO regression was the difference in HRSD change of 

each pair, and the predictors were the averages of the potential moderators. The LASSO 

regression is a linear regression, but it uses a penalty on coefficient absolute values to avoid 

overfitting. Unimportant variables (e.g., unrelated to the outcome and/or highly correlated 

with other variables) are expected to shrink to zero. The estimated standardized coefficients 

were used as weights for calculating the combined moderator score of each individual, 

and the combined moderator represented an optimally weighted linear combination of the 

individual moderator scores. The resulting moderation ES is measured by the correlation 

of the averages of the combined moderator (M) of each pair and their differences in 

HRSD change (in the paired data), denoted by Cor(M). We used bootstrapping to obtain 

a confidence interval. We resampled with replacement individuals, separately from each 

condition, resulting in 1000 estimates of the correlation. The 2.5 and 97.5 quantiles of the 

estimates served as confidence intervals. Finally, we assessed the discriminative utility of 

the combined moderator, using a linear regression of hearing aid condition, the combined 

moderator, and the combined moderator by condition interaction on treatment outcome.

RESULTS

Participant Disposition and Characteristics

One participant of the second pilot study was not included in these analyses as they dropped 

out immediately after randomization, resulting in a total sample of N=37. Among the sample 

of N=37 individuals, N=18 participants received hearing aids and N=19 received sham. Only 
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N=2 participants in the hearing aid group and N=3 participants in the sham group were not 

taking antidepressant medications. Of the N=32 participants who were taking antidepressant 

medications, N=24 participants were started on study medications and N=8 participants 

continued the antidepressants they were taking prior to study enrollment. Demographics and 

baseline characteristics of the study participants are provided in Table 1. The active and 

sham hearing aid groups differed only in that the active hearing aid group was younger 

(active 70.1 vs. sham 76.2, df=35, t=−2.47, p=0.0187) and had better baseline delayed 

memory scores (active 107.9 vs. sham 94.6, df=33, t=2.83, p=0.0078). Between individuals 

participating in the two studies included in this analysis,16,17 there were no statistically 

significant baseline differences in age, gender, race, education years, PTA, SRT, HHIE-S, 

SPPB, or cognition, except for language functioning (Language Index; first study 95.3 vs. 

second study 107.3, df=33, t=−2.33, p=0.0262) and MMSE scores (first study 27.7 vs. 

second study 29.0, df=35, t=−2.91, p=0.0062).

Hearing Aid Treatment Effects on Depression

Effects of hearing aid treatment on depressive and cognitive outcomes in both studies 

were previously published.16,17 For the combined sample of N=37 participants, hearing aid 

treatment as opposed to sham was associated with a 3.98-point improvement on HRSD 

(active −9.72 vs. sham −5.74, t=1.92, df=205, p=0.0562).

Hearing Aid Combined Moderator Effect

The combined moderator had a larger effect size (ES) than any individual moderator 

(ES=0.49 [95% CI: 0.34, 0.77]) as shown in Table 2. The linear interaction of the combined 

moderator and hearing aid group is illustrated in Figure 1. A negative HRSD change 

reflects an improvement in depressive symptoms, and a positive HRSD change reflects 

a worsening in depressive symptoms. When the combined moderator is lower than the 

cross-point (i.e., to the left of the cross-point in Figure 1, N=25), the hearing aid condition 

showed more symptom reduction than the sham condition (hearing aid −12.3 vs. sham −5.44 

HRSD points, Cohen’s d=−0.75 [95% CI: −2.11, −0.16]). When the combined moderator 

is higher than the cross-point (N=12), the sham condition showed more symptom reduction 

than the hearing aid condition (hearing aid −6.5 vs. sham −9.0 HRSD points, Cohen’s 

d=0.32 [95% CI: −0.67, 3.96]). However, as it is unlikely that sham hearing aids ever 

work better than active hearing aids in this population, a more reasonable interpretation of 

these findings is that there may be specific patient subgroups for whom hearing aids are 

most effective. According to the model, a positive association indicates that lower scores 

of PTA (less severe HL), SPPB (worse physical functioning), and language index (worse 

language functioning) were associated with higher depressive symptom improvement for 

the active hearing aid vs. sham group through the 12-week study. A negative association 

indicates that higher scores of HHIE-S (more hearing-related disability) and SRT (worse 

speech recognition) were associated with higher depressive symptom improvement for the 

active hearing aid vs. sham group.
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DISCUSSION

Using a combined moderator approach to these clinical trial data, we were able to identify 

pre-treatment characteristics of older adults with comorbid HL and MDD who were most 

likely to experience depressive symptom improvement with active versus sham hearing 

aids. Our data-driven approach characterized a set of moderators that together resulted in a 

moderate effect size of 0.49. This effect size was much larger than what is typically seen for 

both individual and combined moderator studies in MDD21,23 and was larger than the effect 

sizes we found for each separate moderator (ranging from −0.16 ≤ R ≤ 0.41). Our findings 

suggest that individuals who had a larger depressive symptom improvement with hearing 

aids had more impairment in lower extremity physical functioning, hearing handicap, speech 

recognition, and language functioning, but less severe HL on pure tone testing. Among the 

individual moderators, lower extremity physical functioning was found to have the highest 

weight and appeared to be a strong driver of the combined moderator effect.

Existing literature has identified specific pre-treatment factors that are associated with 

improved satisfaction with hearing aid treatment among the general population. For 

example, more severe HL,33 better word recognition scores,33 higher perceived social 

support,34 and the absence of tinnitus35 have been associated with improved perceived 

satisfaction and effectiveness of hearing aids. However, to our knowledge this is the first 

study to evaluate individual factors related to improved depressive symptom response to 

hearing aids. In addition, while the above reviewed studies solely evaluate individual factors 

related to hearing functioning, we extend the existing literature by investigating the effects 

of baseline physical and cognitive functioning on response to hearing aids.

Due to the exploratory nature of this combined moderator approach and the potential for 

interactions between individual moderators, one must be wary of interpreting the effects of 

each individual moderator on predicting response to hearing aid treatment. For example, 

moderators used in these analyses may be highly correlated to one another (e.g., PTA, SRT, 

and HHIE-S), which can influence the specific direction and weight of each individual 

moderator. However, it was interesting to find that for all measures, except for PTA, worse 

baseline scores predicted better depressive symptom response to hearing aids. As HL and 

MDD are both associated with impairment in physical, cognitive, and social functioning, 

it is intuitive to hypothesize that depressive symptoms may improve by addressing these 

factors with hearing aids. Consistent with this hypothesis, hearing aids have been proposed 

to improve physical functioning and postural instability,36 reduce risk of falls,37 and 

improve loneliness.38 Likewise, naturalistic studies have observed improvement in executive 

functioning with hearing aid treatment.39

Our observed association between worse language functioning and improved response to 

hearing aids is consistent with previous studies that have demonstrated expressive language 

deficits among older adults with HL. For example, we have found in a previous analysis 

of the National Alzheimer’s Coordinating Center dataset that older adults with more severe 

and longer lasting HL were more likely to have language impairment compared to those 

without HL.5 Likewise, our finding of an association between higher HHIE-S scores and 

improved response to hearing aids is consistent with existing studies examining effectiveness 
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of hearing aids on hearing-related outcomes. While the literature is mixed,40 analyses have 

in general observed a positive correlation between self-perceived hearing disability and post-

fitting hearing aid satisfaction.41 The HHIE-S is a self-reported screening tool that can be 

easily incorporated into a busy clinical practice to identify individuals with hearing-related 

handicap who may benefit from audiometric assessment and HL treatment. However, even 

when hearing-related handicap is identified, many older adults are unable to obtain treatment 

for HL due to issues related to accessibility, cost, and stigma. Fortunately, there has been a 

national effort to increase accessibility of HL treatment, leading to the subsequent passage of 

the Over-the-Counter Hearing Aid Act of 2017.42

The one discrepant result among the factors making up the combined moderator was that a 

lower degree of HL (as measured by PTA) was associated with a better depressive symptom 

response to hearing aids in these data. For example, most previous analyses have observed 

a positive association between HL severity and hearing aid effectiveness on hearing-related 

outcomes.33 However, PTA had the lowest weight in our model, suggesting that it was the 

least influential variable on predicting depressive symptom response to hearing aids. It may 

also be the case that the close relationships between individual hearing-related moderators 

led to interactions in the model, and one must be wary of interpreting the direction of each 

individual moderator on predicting response to treatment. Another possible interpretation of 

this finding is that higher PTA is associated with a longer duration, more chronic type of HL, 

which may be less responsive to hearing aid treatment. One may speculate that the effects 

of untreated HL on an individual’s social, cognitive, physical, and brain health may be less 

recoverable as HL persists and becomes more severe.

These findings, while suggestive of potential mediators of a depressive symptom response 

to hearing aids, are perhaps most useful clinically in identifying characteristics of those 

whose depression is most likely to respond to hearing aids. To demonstrate the potential 

clinical utility of this approach, consider the examples of two participants (not included 

in the analyzed studies) who presented to our clinic. Patient 1 presents with mild HL but 

markedly impaired mobility, significant self-reported hearing-related disability, and mildly 

impaired language functioning (SPPB=4, SRT=35, HHIE-S=14, PTA=29, Language=96), 

while Patient 2 presents with moderate HL but relatively preserved functioning, mobility, 

and language (SPPB=12, SRT=35, HHIE-S=0, PTA=40, Language=105). Using the same 

combined moderator model generated in this study, Patient 1 is predicted to improve 18.0 

HRSD points, while Patient 2 is predicted to only improve 7.3 HRSD points after 12-weeks 

of hearing aids and psychiatric TAU. To be most clinically useful, future analyses may 

consider how a clinician may predict hearing aid response using incomplete data (i.e., 3 

out of the 5 characteristics). However, the higher weights of SPPB, SRT, and language 

in our combined moderator (Table 2) indicate that these variables contributed most to the 

model and may be important characteristics to collect. As all patients with HL and MDD 

would likely benefit from hearing treatment, future studies may investigate how best to treat 

those individuals who, according to our model, are predicted to demonstrate less depressive 

symptom response to hearing aids. Such studies may consider evaluating depression and 

hearing treatment based on individual characteristics that extend beyond the specific hearing, 

physical, and cognitive assessments evaluated our analysis.
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These findings must be considered in light of several limitations. While the two samples 

utilized in this analysis underwent similar study procedures, the combined moderator 

did not account for differences in antidepressant medication treatments between the two 

studies. The fact that some patients started new AD medications, others were continued on 

their current AD medications, and a few were not taking any AD medications may have 

affected our observed outcomes. In addition, the improved response to treatment in the 

hearing aid (vs. sham) group may have been influenced by their younger age and better 

pre-treatment delayed memory scores. However, while the two randomized controlled trials 

aggregated for this analysis varied in hearing eligibility criteria, there were no significant 

differences in hearing functioning between the samples. The sample size in the study was 

small, and one must be careful not to overinterpret the results of the combined moderator 

effects until they can be independently validated and replicated in external larger samples. 

Furthermore, there other unmeasured aspects which can motivate hearing aid use and 

influence hearing aid success (i.e., spousal motivation, access to care, listening demands) 

and may have potentially biased comparison arms within the trial. Lastly, our results have 

limited generalizability to other forms of HL treatment such as cochlear implants and aural 

rehabilitation, which may also be therapeutic for mood and cognition.

By using a combined moderator approach, the present study is the first to evaluate the 

specific clinical characteristics of those with comorbid HL and MDD whose depressive 

symptoms were most likely to benefit from hearing aids. Given the links between age-related 

biological processes and later-life neuropsychiatric disorders, the psychiatric evaluation 

of an older adult may be an important opportunity to assess hearing, cognitive, and 

physical functioning by either performing a brief screening tool (e.g., HHIE-S, MMSE, 

gait assessment) or a referring the patient for specialized testing. While the model needs to 

be further refined and rigorously evaluated in multiple independent samples before it can be 

used in clinical practice, this approach may represent a promising precision medicine tool 

based on inexpensive and scalable measures that may be incorporated into clinical practice. 

Identifying specific patient-related factors associated with hearing aid effectiveness may 

allow for optimization of depression treatment among individuals with HL.
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Key Points:

• Using a combined moderator approach, we identified pre-treatment 

characteristics of older adults with hearing loss whose depression was more 

likely to improve with active vs. sham hearing aids.

• Older adults with relatively worse hearing loss-related, physical, and 

cognitive functioning were observed to benefit most from hearing aids in 

depression.

• Given the large number of older adults with hearing loss and depression and 

the underutilization of hearing aids, these results may represent a non-invasive 

and scalable means of targeting those most likely to respond to treatment.
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Figure 1. 
Interaction of the combined moderator and hearing aid condition in predicting the slope of 

depressive symptom reduction.

Group 1 (black) = active hearing aid group. Group 2 (red) = sham hearing aid group. HRSD 

change = Change in 24-item HRSD from Week 0 to Week 12. Negative HRSD change = 

more depressive symptom improvement. When the combined moderator is lower than the 

cross-point, the active hearing aid group showed more symptom reduction than the sham 

hearing aid group.
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Table 1.

Characteristics of study participants.

Sham (n=19) Active (n=18) Statistics

n Mean (SD) or % n Mean (SD) or % t-value or χ2 (df), p-value

Sex
Male
Female

7
12

28.6
71.4

8
10

44.4
63.6

χ2(1) = 0.22, p = 0.637

Race
Asian
Black/African-American
White
Other

1
2
16
0

5.3%
10.5%
84.2%

0%

1
1
15
1

5.6%
5.6%
83.3%
5.6%

χ2(3) =1.33, p = 0.720

Ethnicity
Hispanic/Latino
Not Hispanic/Latino

0
19

0%
100%

1
17

5.6%
94.4%

χ2(1) =1.08, p = 0.298

Age 19 76.2 (6.8) 18 70.1 (8.1) t (35) =−2.47, p = 0.0187

Education (years) 12 16.4 (2.2) 14 17.1 (4.08) t (24) = 0.50, p = 0.6242

Depression

 Hamilton Rating Scale for Depression (HRSD) 19 19.2 (4.2) 18 23.6 (4.7) t (35) = 2.99, p = 0.0051

Hearing

 Pure Tone Average (PTA) 19 44.4 (7.7) 18 41.1 (8.1) t (35) = −1.30, p = 0.203

 Speech Reception Threshold (SRT) 19 35.5 (12.8) 17 32.9 (10.2) t (34) = −0.67, p = 0.510

 Hearing Handicap Inventory for the Elderly Screening 
Version (HHIE-S)

19 30.6 (7.4) 11 30.1 (7.6) t (35)= −0.21, p = 0.834

Cognition

 Mini Mental State Examination 19 28.2 (1.3) 18 28.9 (1.4) t (35) = 1.64, p = 0.110

 Immediate Memory 19 99.1 (16.8) 16 105.3 (16.3) t (33) = 1.09, p = 0.282

 Delayed Memory 19 94.6 (17.0) 16 107.9 (8.4) t (33) = 2.83, p = 0.0078

 Attention 19 103.2 (18.9) 16 109.0 (12.5) t (33) = 1.06, p = 0.299

 Language 19 102.4 (13.6) 16 104.3 (17.7) t (33) = 0.36, p = 0.725

 Visuospatial/Constructional 19 89.9 (16.6) 16 95.8 (7.9) t (33) = 1.29, p = 0.205

Physical

 Short Physical Performance Battery (SPPB) 19 8.6 (3.0) 18 9.8 (2.2) t (35) = 1.39, p = 0.174
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Table 2.

Individual moderator effect sizes and their weights in the combined moderator.

Correlation Weight 95% CI

HHIE-S −0.16 −0.02 −0.17, 0.50

PTA 0.17 0.00 −0.50, 0.22

SRT −0.14 −0.23 −0.49, 0.26

SPPB 0.41 0.56 0.12, 0.67

Language 0.19 0.20 −0.17, 0.54

Combined moderator 0.49 0.34, 0.77

Notes: HHIE-S = Hearing Handicap Inventory for the Elderly – Screening Version; PTA = Pure Tone Average; SRT = Speech Reception 
Threshold; SPPB = Short Physical Performance Battery; Language = Language Index score on the Repeatable Battery for the Assessment of 
Neuropsychological Status.
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