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Abstract

Background: Hearing loss (HL), late-life depression, and dementia are 3 prevalent and disabling conditions in older adults, but the 
interrelationships between these disorders remain poorly understood.
Methods: N = 8529 participants ≥60 years who were free of cognitive impairment at baseline were analyzed from National Alzheimer’s 
Coordinating Center Uniform Data Set. Participants had either No HL, Untreated HL, or Treated HL. Primary outcomes included depression 
(15-item Geriatric Depression Scale ≥5) and conversion to dementia. A longitudinal logistic model was fit to examine the association between 
HL and changes in depressive symptoms across time. Two Cox proportional hazards models were used to examine HL and the development of 
dementia: Model A included only baseline variables and Model B included time-varying depression to evaluate for the direct effect of changes 
in depression on dementia over time.
Results: Treated HL (vs no HL) had increased risk for depression (odds ratio [OR] = 1.26, 95% confidence interval [CI] = 1.04–1.54, p = .02) 
and conversion to dementia (hazard ratio [HR] = 1.29, 95% CI = 1.03–1.62, p = .03). Baseline depression was a strong independent predictor 
of conversion to dementia (HR = 2.32, 95% CI = 1.77–3.05, p < .0001). Development/persistence of depression over time was also associated 
with dementia (HR = 1.89, 95% CI = 1.47–2.42, p < .0001), but only accounted for 6% of the direct hearing–dementia relationship (Model 
A logHR = 0.26 [SE = 0.12] to Model B logHR = 0.24 [SE = 0.12]) suggesting no significant mediation effect of depression.
Conclusions: Both HL and depression are independent risk factors for eventual conversion to dementia. Further understanding the mechanisms 
linking these later-life disorders may identify targets for early interventions to alter the clinical trajectories of at-risk individuals.
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Age-related hearing loss (ARHL) is the third most common health 
condition affecting older adults after heart disease and arthritis (1). 
Its prevalence rises steeply with age, from 3% among adults aged 
20–29 years to 49% of adults aged 60–69 and over 80% in individ-
uals 85 years and older (2,3). An estimated 38 million Americans 
now suffer from untreated ARHL (4). While historically considered 
a benign effect of aging or exclusively a quality of life issue, ARHL 
has been associated with negative health outcomes including social 
isolation, frailty, and falls (5). Age-related hearing loss is now the 

fifth leading cause of years lived with disability worldwide, and 
this rank is expected to rise as the population continues to skew 
older (6).

Growing evidence also links ARHL to adverse neuropsychi-
atric outcomes such as dementia and late-life depression. 
Secondary analyses of epidemiologic data sets (7,8), reviews (9), 
meta-analyses (10), and a National Institute on Aging workshop 
on the topic (11), all have linked hearing loss to cognitive decline 
and dementia. Studies by our group and others reported both 
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cross-sectional and longitudinal associations between hearing 
loss and increased depressive symptoms as well as syndromal de-
pression in older adults (12,13). Though the specific pathways 
involved remain to be specified, it is hypothesized that ARHL in-
creases risk for late-life depression and dementia via behavioral 
mechanisms such as decreased social engagement in addition to 
deleterious neuroplastic changes secondary to deafferentation 
(14).

Like ARHL, depression itself is a risk factor for cognitive de-
cline and dementia (15). Experiencing depression within the past 
10  years increases the risk of dementia 4- to 6-fold for older 
adults (16,17), and multiple reports suggest that a single de-
pressive episode at any point in life is a risk factor for dementia 
(18,19). A  chronic illness or recurrent episodes are common in 
late-life depression, and individuals with persistent depressive 
symptoms, especially when combined with cognitive deficits, 
place older adults at even higher risk for dementia (20,21). It has 
been hypothesized that late-life depression, particularly when it 
is persistent and treatment resistant, is associated with increased 
levels of pro-inflammatory markers (22), cerebrovascular lesions 
(23), and cognitive deficits (24) that may lie in a causal chain 
leading to dementia or else may speed conversion to dementia by 
decreasing brain reserve. Some estimate that successful interven-
tions targeting late-life depression may reduce the prevalence of 
Alzheimer’s disease by up to 15% in North America (25), making 
depression in older adults the second most promising target for 
dementia prevention after physical inactivity.

While the studies reviewed above examine pairwise links be-
tween hearing loss, depression, and dementia, an understanding of 
the interrelationships among these 3 prevalent and disabling condi-
tions of later life remains elusive. Elucidating the degree to which 
these disorders share pathophysiologic processes may facilitate iden-
tification of targets for prevention and treatment. In this study, we 
utilized the National Alzheimer’s Coordinating Center’s (NACC) 
longitudinal database of older adults, which incorporates compre-
hensive neuropsychiatric assessments and rigorous classification of 
cognitive status. Our primary aims were to evaluate the neuropsychi-
atric effects of hearing loss in a cohort of participants ≥60 years who 
were free of mild cognitive impairment (MCI) or dementia at base-
line. We hypothesized that (i) hearing loss would predict depression 
as well as conversion to dementia over follow-up, and (ii) the devel-
opment of depression would partially mediate the hearing–dementia 
association.

Method

Study Population
From 2005 to the present, NACC has collected the Uniform Data 
Set (UDS) on participants from approximately 30 past and present 
U.S. Alzheimer’s Disease Research Centers. Participants with clin-
ical diagnoses of normal cognition, MCI, and dementia of various 
etiologies were enrolled and followed approximately annually. To 
compose our analytic sample, we identified a cohort among NACC 
participants ≥60 years who were free of dementia or MCI at base-
line, presented for at least 2 follow-up visits or 1 follow-up visit 
followed by death within a year, and had baseline hearing and de-
pression assessments. Baseline was defined as either the initial UDS 
visit for participants ≥60 years or the first follow-up visit after the 
participant reached 60 years.

Assessments
Hearing loss and hearing aid use were assessed at baseline and at 
each follow-up visit by a clinical interview and physical examination. 
The clinician responded to items querying (1) “Without a hearing 
aid(s), is the subject’s hearing functionally normal?” (0  =  Normal 
Hearing, 1  =  Impaired Hearing), (2) “Does the subject wear a 
hearing aid(s)?” (0 = No Aid, 1 = Hearing Aid), and (3) “If the sub-
ject usually wears a hearing aid(s), is the subject’s hearing function-
ally normal with a hearing aid(s)?” (0 = Normal Hearing with Aid, 
1  =  Impaired Hearing with Aid). Utilizing clinicians’ responses to 
these items, we classified participants into categories of “No Hearing 
Loss,” “Untreated Hearing Loss,” and “Treated Hearing Loss” at 
baseline. The No Hearing Loss category comprised individuals with 
normal hearing who did not use a hearing aid (ie, 0 on Question 1, 
0 on Question 2). Participants classified as Untreated Hearing Loss 
had hearing loss and either no hearing aid or else continued hearing 
impairment despite hearing aid use (1 on Question 1, 0 on Question 
2, or 1 on Question 2 combined with 1 on Question 3). Finally, 
the Treated Hearing Loss category included participants who wore 
hearing aids with consequent perceived functionally normal hearing 
(ie, 1 on Question 2, 0 on Question 3).

Depressive symptoms were assessed using the 15-item Geriatric 
Depression Scale (GDS) (26) at the initial UDS and at each follow-up 
visit. The 15-item GDS uses a yes/no answer format and scores range 
from 0 to 15. A cutoff of 5 or greater on this short-form 15-item GDS 
has shown to be highly sensitive to the identification of major de-
pression (27). Cognitive status was evaluated at baseline and at each 
follow-up visit through a history and physical, behavioral assess-
ments (Clinical Dementia Rating (28), Neuropsychiatric Inventory 
Questionnaire (29)), functional assessments (Functional Assessment 
Questionnaire (30)), and a comprehensive neuropsychological bat-
tery (31). Participants were classified as having normal cognition, 
MCI, or dementia. Criteria for classification of MCI and dementia 
were made across all Alzheimer’s Disease Centers using guidelines 
set forth by the Alzheimer’s Disease Centers Clinical Task Force (32). 
We defined time to dementia as the number of months from baseline 
until the first visit with a diagnosis of dementia. To ensure reliability 
of the diagnosis, participants were only deemed to have dementia if 
either the diagnosis occurred in 2 consecutive visits or if the diag-
nosis was followed by a death within 1 year. A dementia diagnosis 
followed by a classification of MCI or only one dementia diagnosis 
at the last visit was not considered dementia. Blood samples were 
collected to determine APOE ε4 status, and individuals were clas-
sified as having lowest risk (no ε4 alleles), intermediate risk (1 ε4 
allele), and highest risk (2 ε4 alleles).

Statistical Analysis
Descriptive summaries of hearing loss categories by demographics, 
baseline depression, and average length of follow-up were cal-
culated and tested for differences using multinomial regression. 
To examine the association between hearing loss and changes in 
depressive symptoms across time, a longitudinal logistic model 
was fit with generalized estimating equations. The longitudinal 
outcome was a dichotomous indicator at each observed follow-up 
visit of whether the participant had or did not have GDS ≥ 5 
at that visit. Predictors included baseline hearing category, base-
line depression (ie, dichotomous GDS ≥ 5 yes/no), and time since 
baseline (continuous) corresponding to the follow-up visit. All 
analyses were estimated after controlling for age, sex, ethnicity, 
education (in years of schooling, range 0–29), and APOE status. 
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To account for repeated depression measures within person, a 
compound symmetry working correlation matrix was used within 
the generalized estimating equations. Odds ratios (ORs) and 95% 
confidence intervals (CIs) provide the estimated strength of asso-
ciation between each predictor and the odds of depression over 
time. Additional models tested for interactions between baseline 
hearing loss and baseline depression and demographics to iden-
tify if any group had a stronger or weaker association between 
hearing and longitudinal depression.

To examine the association between hearing loss, depression, and 
development of dementia, we used Cox proportional hazards models 
with time from baseline until time of the dementia diagnosis as the 
primary outcome. Censoring time for those not developing dementia 
was taken to be death or the last observed visit with no dementia 
diagnosis. We fit 2 models. The first (Model A) included only base-
line hearing status, baseline depression, and control variables age, 
sex, ethnicity, education, and APOE status. The second (Model B) 
included baseline hearing status and both baseline depression and 
a time-varying depression variable to evaluate the direct effect of 
changing depressive symptom severity on dementia over time. To 
avoid potential conflation of reverse causality due to diagnoses of 
both depression and dementia occurring at the same visit, we only 
counted a new depression diagnosis if it was observed prior to the 
visit of the initial dementia diagnosis. For participants without de-
mentia, the depression was counted during follow-up regardless of 
when it occurred.

Finally, we tested a mediation hypothesis that hearing loss in-
creases risk for conversion to dementia through its effect on depres-
sion. The models described above (longitudinal model for hearing to 
depression and Cox model for hearing and depression to dementia) 
make up the components of the mediation test. We obtained the in-
direct effect and associated CI following modern methods for esti-
mation of causal mediation effects (33).

Results

Sample Characteristics
As shown in Figure 1, N = 36 799 participants were available for 
analysis of the UDS visits conducted between September 2005 and 
December 2017. Of these individuals, N = 14 491 were free of de-
mentia or MCI at baseline, N  =  9059 participants had at least 2 
follow-up visits, or else 1 follow-up visit followed by death within a 
year. N = 530 participants were excluded for having missing hearing 
or depression data, resulting in a final analytic sample of N = 8529 
participants.

As shown in Table 1, of the 8529 included participants, 1102 
(12.9%) were categorized as having Treated Hearing Loss and 949 
(11.1%) participants as having Untreated Hearing Loss. As ex-
pected, the 2 groups with hearing loss were older (X2(6) = 443.17, 
p < .0001) and more likely to be male (X2(2) = 84.00, p < .0001), 
especially for those with Treated Hearing Loss. Those with Treated 
Hearing Loss were less likely to be Hispanic, or non-Hispanic 
African American than non-Hispanic White (X2(8)  =  80.75, p 
< .0001), and more likely to have a higher number of years of 
schooling (X2(2) = 9.57, p = .0084). Those with Untreated Hearing 
Loss were less likely to have an intermediate or high risk APOE 
genotype (X2(6) = 14.99, p = .0203). There was no significant dif-
ference in depressive symptoms at baseline between the hearing 
groups. The average length of follow-up in the sample was 
67 months (range 9–144 months).

Hearing Loss and Risk of Depression Over Time
Relative to those with No Hearing Loss, individuals with Treated 
Hearing Loss had higher odds of depression (15-item GDS ≥ 5) across 
follow-up (OR = 1.26, 95% CI = 1.04–1.54, p = .02) after control-
ling for baseline depression and demographics (Table 2). Those with 
Untreated Hearing Loss did not show significantly higher odds of 
depression. Both older and female individuals showed higher odds 
of depression, while non-Hispanic African Americans and number 
of years of schooling demonstrated lower odds. There were no dif-
ferential effects of hearing loss on depression by baseline depression, 
age, and gender groups.

Hearing Loss, Depression, and Incident Dementia
In the Cox model considering only baseline variables as predictors 
(Model A), individuals with Treated Hearing Loss were at higher risk 
for conversion to dementia compared to those with No Hearing Loss 
(hazard ratio [HR] = 1.29, 95% CI = 1.03–1.62, p = .03). Baseline 
depression was also found be a strong predictor of conversion to 
dementia (HR = 2.32, 95% CI = 1.77–3.05, p < .0001). Older age, 
male sex, White race (as compared to African American), and having 
an intermediate or high risk APOE genotype all increased risk of 
dementia while number of years of schooling decreased the risk 
(Table 3). When time-varying depression was considered (Model B), 
it was found to further increase the risk of dementia (HR = 1.89, 
95% CI  =  1.47–2.42, p < .0001) above and beyond the effect of 
baseline depression and Treated Hearing Loss. When depression 
occurring during follow-up was considered (ie, in Model B), the 
effect of Treated Hearing Loss on dementia remained significant 
(HR = 1.27, 95% CI = 1.01–1.59, p = .04). Between Model A and 
Model B, the effect of Treated Hearing Loss on dementia was only 
reduced by 6% (from logHR  =  0.26 [SE  =  0.12] in Model A  to 
logHR = 0.24 [SE = 0.12] in Model B), suggesting that depression 
was not a significant mediator of the hearing–dementia link.

Figure 1. Flow diagram of included participants. Full color version is 

available within the online issue.
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Discussion

This analysis of 8529 older adults contributing to the NACC data-
base found important interrelationships between hearing loss, late-
life depression, and dementia, which are 3 of the most prevalent and 
consequential disorders of later life. We found that Treated Hearing 
Loss predicted both depression and conversion to dementia over an 
average follow-up period of 5.6  years. Likewise, our analyses re-
confirmed previous findings that depression is a significant predictor 
of conversion to dementia. The associations between hearing loss, 
depression, and dementia were not only statistically significant but 
were also clinically meaningful. The highest risk hearing loss cat-
egory increased the risks of both depression and dementia across 
time by over 25%, and participants who began the study with sig-
nificant depression were over 2.3 times more likely to convert to 
dementia compared to those without depression.

The finding that Treated rather than Untreated Hearing Loss 
was associated with increased risk for depression and dementia was 
surprising, as we expected treatment of hearing loss would be pro-
tective against adverse neuropsychiatric consequences. Prior studies 
have not disambiguated the effects of treated and untreated hearing 
loss on the development of depression and dementia. As this finding 

may represent a type I error, it must be replicated by future analyses 
of independent data sets. It also is possible, though we consider it 
unlikely, that hearing aid treatment has harmful effects on mood and 
cognition. However, the most likely interpretation of these findings 
is that hearing aid usage is associated with longer duration, more se-
vere hearing loss (34), which itself increases risk for depression and 
dementia. Furthermore, hearing aid compliance rates are usually low 
and inaccurately reported (35), and we suspect that most individuals 
who reported to clinicians that hearing aids normalized their hearing 
were not in fact receiving adequate hearing treatment.

The findings reported here with respect to hearing loss par-
tially diverge from 2 previous NACC publications, which did not 
report significant associations between hearing loss and incident 
Alzheimer’s disease (36) or MCI (37). The primary focus of these 
reports was to identify specific characteristics of depressed older 
adults that predict cognitive decline, and toward that end the con-
tribution of several medical conditions, health behaviors, and phys-
ical examination findings were examined. These studies examined 
smaller sample sizes (1965 and 2655 participants, respectively, as 
compared to 8529 in this analysis) and required the presence of 
baseline depressive illness, which may account for the difference in 

Table 1. Baseline Demographics of the Analytic Sample (N = 8529) and Characteristics of the Hearing Categories

No Hearing Loss 
(N = 6478)

Untreated 
Hearing Loss 
(N = 949)

Treated Hearing 
Loss (N = 1102)

Total  
(N = 8529)

Mean ± SD or N (%) X2, p Value

Age 72.8 ± 7.5 75.2 ± 8.0 78.9 ± 7.8 73.9 ± 7.9 X2(6) = 443.17,  
p < .0001 60–69 2403 (37.1) 265 (27.9) 155 (14.1) 2823 (33.1)

 70–79 2783 (43.0) 394 (41.5) 388 (35.2) 3565 (41.8)
 80–89 1161 (17.92) 253 (26.7) 466 (42.3) 1880 (22.0)
 90+ 131 (2.0) 37 (3.9) 93 (8.4) 260 (3.06)
Sex     X2(2) = 84.00,  

p < .0001 Males 2159 (33.3) 400 (42.2) 557 (50.5) 3117 (36.6)
 Females 4319 (66.7) 549 (57.85) 545 (49.5) 5412 (63.45)
Race/ethnicity     X2(8) = 80.75,  

p < .0001 Non-Hispanic White 4863 (75.1) 712 (75.0) 1,008 (91.5) 6583 (77.2)
 Non-Hispanic African American 1039 (16.0) 145 (15.3) 44 (4.0) 1228 (14.4)
 Hispanic 392 (6.1) 69 (7.3) 32 (2.9) 493 (5.8)
 Non-Hispanic Asian 134 (2.1) 19 (2.0) 14 (1.3) 167 (2.0)
 Other (including American Indian, 
Native Hawaiian, missing)

50 (0.77) 4 (0.42) 4 (0.36) 58 (0.68)

Years of schooling* 15.5 (3.1) 15.5 (3.4) 16.0 (2.9) 15.6 (3.1) X2(2) = 9.57, 
p = .0084

APOE genotype     X2(6) = 14.99, 
p = .0203 Lowest risk (no ε4 alleles) 4125 (63.7) 657 (69.2) 747 (67.8) 5529 (64.8)

 Intermediate (1 ε4 allele) 1682 (26.0) 193 (20.3) 260 (23.6) 2135 (25.0)
 High risk (2 ε4 alleles) 148 (2.3) 13 (1.4) 20 (1.8) 181 (2.1)
 Missing 523 (8.1) 86 (9.1) 75 (6.8) 684 (8.0)
Duration follow-up (months) 67. 5 ± 33.5 66.9 ±34.3 64.2 ± 32.9 67.0 ± 33.5 X2(2) = 0.76, 

p = .6839
Depression† at baseline 476 (7.3) 72 (7.6) 65 (5.9) 613 (7.2) X2(2) = 0.95, 

p = .6217GDS† score at baseline 1.37 ± 2.07 1.42 ± 2.10 1.33 ± 1.86 1.37 ± 2.05
Depression† during follow-up‡ 949 (14.7) 160 (16.9) 193 (17.5) 1302 (15.3) 
Mean time to dementia (months) 66.9 ± 33.5 66.6 ± 34.2 63.1 ± 32.9 65.4 ± 33.6  
Proportion converting to dementia 335 (5.2) 53 (5.6) 110 (10.0) 498 (5.8)  

Notes: SD = standard deviation.
*Years of schooling measured as a continuous variable (range 0–29).
†Depression = 15-item Geriatric Depression Scale (GDS) ≥ 5.
‡Depression during follow-up that occurred prior to dementia diagnosis. One hundred fifty-eight participants had missing data on depression during follow-up.
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the findings for hearing loss. In sensitivity analyses classifying par-
ticipants as having Hearing Loss (combined Treated and Untreated) 
and No Hearing Loss, we found that those with Hearing Loss (vs 
No Hearing Loss) had significantly higher odds of depression across 
time (OR = 1.19, 95% CI = 1.02–1.38, p =  .03) after controlling 
for baseline depression and demographics. However, in the Cox 
model considering only baseline variables as predictors (Model A), 
we found that individuals with Hearing Loss (vs No Hearing Loss) 
were not at higher risk for conversion to dementia (HR  =  1.18, 
95% CI  =  0.97–1.43, p  =  .09), results consistent with previous 
NACC analyses. While the classification of hearing loss into Treated 
and Untreated categories adds complexity to our data interpret-
ation, our impression is that the distinction between Treated and 
Untreated Hearing Loss in the NACC UDS is an important one and 
may recognize severity and duration of hearing loss as risk factors 
for dementia. Moreover, our analyses also incorporated a model 
with time-varying depression, a method that may have allowed us 
to more accurately evaluate the relationships between hearing, de-
pression, and cognition.

To our knowledge, this is the first study to perform a mediation 
analysis of hearing loss, late-life depression, and dementia. Consistent 
with past reports (38,39), we found that persistent depression, as op-
posed to depression only present at baseline, was associated with 
the highest HR for conversion to dementia. We hypothesized that 
hearing loss may initiate a deleterious cascade of events leading 
away from healthy aging trajectories toward increased social and 
behavioral disengagement (40), executive dysfunction and decreased 
cognitive reserve (41), and secondary atrophy of brain regions con-
nected to auditory circuits (42) and may explain the mechanistic links 

between hearing loss, depression, and cognitive decline. However, 
in our full model containing hearing loss and time-varying depres-
sion, we found that depression was only responsible for 6% of the 
hearing–dementia relationship, which did not support our hypoth-
esis that depression mediates the link between hearing and dementia.

As our analyses did not support a significant mediation effect of 
depression on the hearing–dementia relationship, one explanation is 
that both depression and ARHL are prevalent but independent pro-
cesses associated with age that increase risk for dementia. Another 
possibility is that clinician diagnosed hearing loss, rather than meas-
urement of pure-tone hearing thresholds, may have introduced bias 
into our data collection. The NACC protocols for clinician examin-
ations are not completely standardized and allow some variability 
between ADRC sites. While some Alzheimer’s Disease Research 
Center (ARDC) clinicians may diagnose hearing loss by reviewing an 
audiometric evaluation if available, others rely on the participant’s 
report of hearing loss. While self-reported hearing loss has demon-
strated high sensitivity and specificity for hearing loss comparable 
to pure-tone audiometry in some reports (43,44), it is possible that 
a participant’s cognitive or depression status may have affected the 
examiner’s perception of hearing function. Additionally, due to the 
chronicity of these processes as well the assessment tools available 
in the NACC UDS, it was difficult to disentangle the time of onset 
of both hearing loss and depression, which may have contributed to 
our inability to identify a mediation effect.

However, the above results suggest that screening for ARHL 
and depression in older adults and prompt institution of standard 
of care treatments for these conditions (ie, appropriately fitted 
and consistently worn hearing aids as well as pharmacologic or 

Table 2. Relationships Between Hearing Loss, Sociodemographic Characteristics, and Depression During Follow-up

Depression During Follow-up

Odds Ratio 95% CI Z p Value

Baseline hearing status 
 No Hearing Loss (ref.) 1.00    
 Treated Hearing Loss 1.26 1.04–1.54 2.34 .02
 Untreated Hearing Loss 1.10 0.90–1.35 0.94 .35
Depression* at baseline 14.47 12.37–16.93 33.39 <.0001
Age 
 60–69 (ref.) 1.00    
 70–79 1.19 1.02–1.39 2.17 .03
 80–89 1.58 1.32–1.89 4.91 <.0001
 ≥90 2.58 1.87–3.56 5.78 <.0001
Female 1.15 1.00–1.32 2.03 .04
Race/ethnicity 
 Non-Hispanic White (ref.) 1.00    
 Non-Hispanic African American 0.74 0.60–0.91 −2.91 .0036
 Hispanic 1.27 0.97–1.66 1.77 .08
 Non-Hispanic Asian 1.15 0.75–1.78 0.64 .53
 Other 0.94 0.51–1.75 −0.18 .85
Years of schooling† 0.96 0.94–0.99 −3.22 .0013
APOE genotype
 Lowest risk (no ε4 alleles) (ref.) 1.00    
 Intermediate (1 ε4 allele) 1.00 0.85–1.17 −0.03 .98
 High risk (2 ε4 alleles) 0.96 0.64–1.43 −0.19 .85
Time from baseline to follow-up visit (months) 1.0027 1.0011–1.0043 3.24 .0012

Notes: CI = confidence interval.
*Depression = 15-item Geriatric Depression Scale (GDS) ≥ 5.
†Years of schooling measured as a continuous variable (range 0–29).
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psychotherapeutic treatment of depression) is indicated. Given 
the links between ARHL and later-life neuropsychiatric dis-
orders, the evaluation of an older patient presenting with sub-
jective memory problems or depressive symptoms may be an 
important opportunity for clinicians to diagnose hearing loss. 
Clinicians can screen patients for hearing loss, refer patients for 
audiometric testing, and educate patients about the important 
health implications of these interrelated conditions and help pa-
tients overcome both logistical and psychological (ie, stigma) 
obstacles to obtaining treatment for hearing loss and depression. 
However, large well-designed intervention studies are needed 
(and some are already underway) to determine whether treat-
ment of depression and hearing loss reduces the risk of down-
stream cognitive decline.

Another limitation of our findings includes ascertainment of 
late-life depression using a score threshold from a rating scale rather 
than a structured diagnostic interview by a mental health profes-
sional may be considered another limitation. However, the 15-item 
GDS is well-documented to be a valid screening instrument for de-
pressive symptoms, and a score of 5 or greater on this scale has been 
shown to reliably detect the presence of major depressive episodes 
diagnosed using structured interviews (27). Offsetting these limita-
tions are numerous strengths of the study, most notably including a 
large sample size, longitudinal follow-up of a carefully constructed 
cohort, high-quality cognitive assessments, and rigorous classifica-
tion of cognitive status.

Conclusions

Data from this study suggest that individuals with ARHL and depres-
sion identify a clinical phenotype at risk for dementia. Age-related 
hearing loss, dementia, and depression both individually and collect-
ively, are responsible for tremendous public health costs, including 
extensive disability, morbidity, and mortality. Further understanding 
the mechanisms linking these disorders of later life may facilitate 
identification and dissemination of interventions (including both 
hearing remediation and antidepressant medications) capable of 
protecting brain health during aging and altering the clinical trajec-
tories of at-risk individuals.
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