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Abstract

Background:  Hearing impairment is prevalent among older adults and has been identified as a risk factor for cognitive impairment and 
dementia. We evaluated the association of hearing impairment with long-term cognitive decline among community-dwelling older adults.
Methods:  A population-based longitudinal study of adults not using hearing aids who had hearing acuity and cognitive function assessed in 
1992–1996, and were followed for a maximum of 24 years with up to five additional cognitive assessments. Hearing acuity was categorized 
based on pure-tone average (PTA) thresholds: normal (PTA ≤ 25 dB), mild impairment (PTA > 25–40 dB), moderate/severe impairment (PTA 
> 40 dB).
Results:  Of 1,164 participants (mean age 73.5  years, 64% women), 580 (49.8%) had mild hearing impairment and 196 (16.8%) had 
moderate/severe hearing impairment. In fully adjusted models, hearing impairment was associated with steeper decline on the Mini-Mental 
State Examination (MMSE) (mild impairment β  =  −0.04, p  =  .01; moderate/severe impairment β  =  −0.08, p  =  .002) and Trails B (mild 
impairment β = 1.21, p = .003; moderate/severe impairment β = 2.16, p = .003). Associations did not differ by sex or apolipoprotein E (APOE) 
ϵ4 status and were not influenced by social engagement. The MMSE-hearing association was modified by education: mild hearing impairment 
was associated with steeper decline on the MMSE among participants without college education but not among those with college education. 
Moderate/severe hearing impairment was associated with steeper MMSE decline regardless of education level.
Conclusions:  Hearing impairment is associated with accelerated cognitive decline with age, and should be screened for routinely. Higher 
education may provide sufficient cognitive reserve to counter effects of mild, but not more severe, hearing impairment.
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With the aging of the population and high costs associated with 
caring for cognitively impaired older adults, identification of risk 
factors for cognitive decline in aging is becoming increasingly im-
portant. Hearing impairment, which affects 60%–68% of U.S. adults 
older than 70 years (1), is recognized as a risk factor for age-related 
cognitive impairment, disability, and dementia (2–5). A recent sys-
tematic review and meta-analysis indicated that age-related hearing 
loss was associated with twofold or greater pooled odds of cognitive 
impairment and dementia in cross-sectional studies (6). A  smaller, 

but still significant, increase in the pooled odds of cognitive decline 
was observed in the much smaller number of available longitudinal 
cohort studies (6). These studies suggest that the magnitude of hear-
ing-loss-related cognitive decline varies by cognitive domain (7–14).

A recent report from the American Geriatrics Society/National 
Institute on Aging Bench-to-Bedside Conference called for further 
research on the association of hearing loss with cognitive func-
tion in aging (5). It is not known whether the association between 
hearing loss and cognitive function is mediated by social isolation or 
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depression, nor is it known whether associations differ by sex, gen-
etic risk for Alzheimer’s disease, or cognitive reserve. Additionally, 
prior longitudinal studies have not accounted for the potential influ-
ence of survival bias, an important consideration given that hearing 
impairment has been associated with higher risk of mortality (15) 
and cognitive decline accelerates prior to death (16).

To further understand the association of hearing impairment 
with age-related cognitive decline, we examined the association 
between severity of hearing impairment at baseline and change in 
cognitive performance over a 24-year follow-up period in a large, 
well-characterized cohort of community-dwelling older adults. We 
investigated whether associations of hearing impairment and cog-
nitive decline varied by sex, education, or apolipoprotein E (APOE) 
status, and whether hearing-related differences in social engagement 
or mortality may have contributed to any observed associations be-
tween hearing impairment and cognitive function.

Methods

Participants
Participants were from the Rancho Bernardo Study (RBS) of Healthy 
Aging (17). In 1992–1996, 1,781 members of this observational co-
hort participated in a research clinic visit at which cognitive func-
tion and hearing were assessed. After excluding 73 participants with 
missing cognitive data, 313 with missing hearing data, and 231 who 
wore a hearing aid, there remained 1,164 participants in the ana-
lytic sample. Participants were followed through 2014–2016, with 
cognitive testing approximately every 4 years for a maximum of six 
assessments over 24 years. Each visit was approved by the University 
of California San Diego (UCSD) institutional review board. All par-
ticipants provided written informed consent prior to each visit.

Hearing Assessment
Hearing measurements were performed with a Welch Allyn port-
able audiometer in a quiet room. Pure-tone auditory thresholds were 
measured at frequencies of 500, 1,000, 2,000, and 4,000 Hz in each 
ear. If a participant was unable to hear the tone at 40 dB, meas-
urement was stopped at that frequency and a value of 50 dB was 
assigned.

The pure-tone average (PTA) threshold was calculated as the 
average threshold across the four frequencies for each ear. The PTA 
of the better-hearing ear was used to define hearing categories ac-
cording to guidelines from the World Health Organization as normal 
(PTA ≤ 25 dB), mild impairment (PTA > 25–40 dB), and moderate/
severe impairment (PTA > 40 dB).

Cognitive Assessment
The Mini-Mental State Examination (MMSE) (18), a test of global 
function, the Trail-Making Test Part B (Trails B) (19), a test of execu-
tive function, and category naming (animals) (20), a  verbal fluency 
test (VFT), were administered at each visit.

Covariate Assessment
A standardized questionnaire was used to assess health-related 
behaviors including smoking status (never/former/current), al-
cohol intake (nondrinker/moderate drinker/heavy drinker, the 
latter defined as more than one drink per day for women or more 
than two drinks per day for men), and physical activity (three 
or more times per week, yes/no). Participants were asked about 

number and frequency of contact with close friends and family, 
and about their involvement in several types of social groups 
(categorized according to highest level of activity in any social 
group as not active/somewhat active/very active). Marital status 
was coded as currently married versus unmarried. Education 
was categorized as high school or less versus at least some col-
lege. Depression was assessed using the self-administered Beck 
Depression Inventory (21).

Clinical measures and health history were obtained as de-
scribed previously (22). Briefly, fasting lipid levels were measured 
in a Lipids Research Clinic laboratory at UCSD. Total cholesterol 
and triglyceride levels were measured by enzymatic techniques and 
high-density lipoprotein (HDL) cholesterol after manganese chloride 
precipitation; low-density lipoprotein (LDL) cholesterol was esti-
mated using the Friedewald formula (23). Prevalent vascular disease 
was defined as physician-diagnosed myocardial infarction, coronary 
artery revascularization, congestive heart failure, stroke or tran-
sient ischemic attack, carotid surgery, peripheral artery surgery, or 
intermittent claudication. APOE genotype data were available for a 
subset of the cohort (n = 707).

Statistical Analysis
Differences in demographic and clinical variables across hearing 
groups were assessed using χ2 tests for categorical variables and 
analyses of variance for continuous variables. Differences between 
hearing groups on cognitive test performance over time were as-
sessed using linear mixed effects regression models, with separate 
models for each test (17). Models included fixed effect terms, which 
model the mean trajectory of participants as a function of covari-
ates: baseline age, sex, education, and time (years since baseline). 
Models also included random effect terms that allow individual 
participants’ baseline performance (intercept) and rate of change 
(slope) to vary randomly about the mean trajectory defined by the 
fixed effect terms. A retest term was included and defined as zero 
for a participant’s first cognitive assessment and one for all subse-
quent assessments (17). Time was modeled as a linear variable and 
a quadratic variable (time2) to assess nonlinear trends. Interaction 
terms of hearing group and time indicated group differences in per-
formance trajectories. The interaction of hearing group with time2 
was not significant for any test, and was not included in the final 
models.

Base models adjusted for age, sex, education, and retest. Adjusted 
models included baseline levels of covariates that have a known or 
suspected association with hearing and cognition including LDL and 
HDL cholesterol (24), physical activity (25), smoking (26), alcohol 
use (27), depression (28), prevalent cardiovascular disease, hyperten-
sion, and diabetes (29).

Possible mediation by social engagement was examined by 
adding variables for social group involvement, number and fre-
quency of contact with close friends or family, and marital status to 
the adjusted models. Sex, education, and APOE status were individu-
ally examined as potential effect modifiers by including interaction 
terms of these covariates in the base models. The effect of inform-
ative drop-out due to death was assessed for each cognitive test using 
a longitudinal joint shared random effect model adjusted for base 
model variables (30).

All statistical tests were two-sided; p <.05 was regarded as sig-
nificant. Data were analyzed using open-source statistical analysis 
software (R version 3.4.2). The package “lme4” was used for linear 
mixed models and the package “JM” was used for joint models.
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Results

Participant Characteristics
The sample was 64% women and 98% white non-Hispanic adults. 
Mean age was 73.5 ± 9.3 years (range 31–92 years; only 1% of the 
sample was below age 50); 69% attended some college. One third 
of the sample (33.3%) had normal hearing, 49.8% had mild hearing 
impairment, and 16.8% had moderate/severe impairment. Relative 
to those included in the analytic sample, excluded participants were 
younger (mean 67.3 vs 73.5), more likely to be men (41% of men 
excluded vs 31% of women), and to have college education (79% vs 
69%) (all ps < .001).

Table 1 shows select participant characteristics at baseline by 
hearing category (Supplementary Table S1 shows additional charac-
teristics). Participants with hearing impairment were older and more 
likely to be men. After adjustment for age and sex, those with mod-
erate/severe hearing impairment were also more likely to be non-
drinkers and had lower LDL cholesterol levels. Groups did not differ 
in education, smoking status, APOE genotype, social engagement, or 
physical activity. The percentage of participants with three or more 
cognitive assessments declined from 70% to 35% with increasing 
hearing impairment (Supplementary Table S1). Mean follow-up time 
was 10 ± 7 years for those with normal hearing, 7 ± 6 years for those 
with mild hearing impairment, and 4 ± 5 years for those with mod-
erate/severe hearing impairment. The main reason for non-participa-
tion in follow-up visits was death.

Hearing Impairment and Cognitive Function
Figure 1 shows modeled trajectories of performance on each test by 
hearing group. Selected parameter estimates are shown in Table 2; 
parameter estimates for all variables in the base and fully adjusted 
models are included in Supplementary Tables S2 and S3, respectively. 
As evident in the figure (and from the significant time2 term in the 
models), performance decline on all tests accelerated with advanc-
ing age, as previously reported for this cohort (17). In base models, 

performance on all tests was worse for those with moderate/severe 
hearing impairment relative to those with normal hearing. For the 
MMSE and Trails B, both hearing-impaired groups showed steeper 
decrease in performance over time relative to normal hearing adults. 
For the VFT, only those with mild hearing impairment showed 
steeper decline over time than normal hearing adults. These associ-
ations were consistent in joint models that accounted for increased 
risk of mortality among those with moderate/severe hearing impair-
ment (Supplementary Table S4).

With adjustment for health-related variables, associations of 
hearing impairment with performance on MMSE and Trails B re-
mained significant. Associations were unaffected by inclusion of so-
cial engagement variables in the models (Table 2). The performance 
deficit at baseline for the MMSE was equivalent to an additional 
7 years of age for individuals with moderate/severe hearing impair-
ment compared to those with normal hearing. The yearly effect of 
mild hearing impairment on the rate of decline in MMSE perform-
ance was equivalent to an additional 0.5 years of age, while the effect 
of moderate/severe hearing impairment was equivalent to an add-
itional 1.1 years of age.

Associations of hearing impairment with rates of cognitive de-
cline did not differ between men and women (three-way interaction 
of sex by hearing group by time, all ps > .15; Supplementary Table 
S5), nor did they differ by APOE ε4 status (three-way interaction, 
all ps >.05; Supplementary Table S6). Education modified the as-
sociation of hearing impairment with decline on the MMSE (three-
way interaction p = .037) for those with mild, but not more severe 
hearing impairment. Mild hearing impairment was associated with 
steeper MMSE decline among participants without college education 
but not among those with at least some college (education by time by 
mild hearing impairment β = 0.06; SE = 0.03; p = .034). Moderate/
severe hearing impairment was associated with steeper MMSE de-
cline relative to normal hearing adults regardless of education 
level (education by time by moderate/severe impairment β = −0.04; 
SE  =  0.05; p  =  .42). There was a trend (three-way interaction 

Table 1.  Characteristics of Rancho Bernardo Study Participants by Hearing Acuity Group

Variable None (n = 388) Mild (n = 580) Moderate+ (n = 196) p-Value p-Valuea

Age (years) 67.2 (8.6) 75.1 (8.0) 81.0 (6.4) <.001
Male 103 (26.7) 248 (42.9) 63 (32.3) <.001  
College education 262 (68.6) 417 (73.0) 126 (65.3) .087 .062
Alcohol consumption    .009 .048
  None 114 (29.6) 182 (31.7) 84 (43.1)   
  Moderate 171 (44.4) 262 (45.6) 66 (33.9)   
  Heavy 100 (26.0) 130 (22.7) 45 (23.1)   
Married 301 (77.8) 402 (69.3) 128 (65.3) .002 .17
Social group activity    .31 .108
  Not active 109 (28.2) 144 (25.1) 62 (31.8)   
  Somewhat active 131 (33.9) 217 (37.9) 70 (35.9)   
  Very active 146 (37.8) 212 (37.0) 63 (32.3)   
Contact with friends/family    .13 .84
  >Once a week 278 (72.6) 370 (65.4) 124 (66.3)   
  Once a week 55 (14.4) 115 (20.3) 33 (17.7)   
  <Once a week 50 (13.1) 81 (14.3) 30 (16.0)   
Beck Depression Inventory 4.6 (4.0) 5.4 (4.2) 6.8 (5.4) <.001 .06
LDL cholesterol (mg/dL) 127.8 (32.2) 128.5(33.4) 120.4 (32.0) .010 .009
HDL cholesterol (mg/dL) 60.7 (16.8) 57.1 (16.9) 59.7 (18.6) .003 .093
APOE ε4+ (n = 707) 43 (18.1) 78 (22.7) 31 (24.6) .46 .36

Note. APOE ε4+ = one or more ε4 alleles; HDL = high-density lipoprotein; LDL = low-density lipoprotein; Moderate+ = moderate/severe hearing impairment. 
Values are mean (SD) for continuous variables and N (%) for categorical variables..

aAdjusted for age and sex.
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p = .13) for higher education to be associated with slower decline on 
the Trails B test in those with mild (β = −1.74; SE = 0.87; p = .05) but 
not more severe hearing impairment (β = −0.66; SE = 1.53; p = .67; 
Supplementary Table S7). Education did not interact with hearing 
impairment-related decline for VFT (three-way interaction of edu-
cation by hearing group by time p = .55; Supplementary Table S7).

Discussion

We quantified the association between hearing impairment and lon-
gitudinal cognitive function in a large community-dwelling cohort of 

older adults followed for up to 24 years. The prevalence of hearing 
impairment was high and comparable with age-matched national 
averages (1). Severity of hearing impairment was associated with re-
duced performance and steeper decline for tests of global function 
(MMSE) and executive function (Trails B). These associations were 
independent of many potential confounders, including vascular dis-
ease and cardiovascular disease risk factors, and were unaffected by 
differential survival. Associations did not differ by sex or genetic risk 
for Alzheimer’s disease. We found some evidence that education may 
modify the association of mild, but not more severe hearing impair-
ment with cognitive decline. We found no evidence that the associ-
ation of hearing impairment with cognitive decline was mediated by 
hearing-related differences in social engagement.

In assessing associations of hearing impairment with cognitive 
test performance it is critical to consider the possibility that hearing 
impairment may lead to lower performance due to difficulty in 
hearing and understanding test instructions or questions. Most par-
ticipants had prior experience with the tests, and our trained test 
administrators ensured participants understood study instructions 
before each test was begun. While it is possible that an inability to 
hear specific test questions may have contributed to lower scores on 
the orally administered MMSE, performance was also lower as a 
function of hearing status on Trails B and VFT, which do not rely on 
auditory comprehension during test performance.

Our findings that hearing impairment is associated with poorer 
performance and accelerated decline on measures of global cog-
nitive function and executive function, but not verbal fluency, are 
consistent with those in a Health ABC study, in which hearing im-
pairment among 1,984 participants was associated with worse 
baseline performance and steeper 6-year decline on the Modified 
MMSE and a test of executive function (11); and with findings in 
the Atherosclerosis Risk in Communities (ARIC) Neurocognitive 
Study (n = 253), in which individuals with moderate/severe hearing 
impairment showed steeper 20-year decline on a word recall task 
and on a global composite score, but not on a test of verbal flu-
ency (12). Similarly, hearing impairment was associated with greater 
6-year decline on tests of executive function but not verbal fluency 
among 418 older adults in the Maastricht Aging Study (9). Hearing 
impairment was also associated with poorer baseline performance 
and greater decline over 17 years on orally administered tests, but 
not on computer-administered tests of reaction time and fluid intelli-
gence, among 1,057 men in the Caerphilly cohort (10).

Several prior studies did not observe significant associations be-
tween hearing impairment and cognitive decline (7,13,14,31). No 
association between hearing impairment and rate of decline on tests 
of memory or perceptual or psychomotor processing speed was ob-
served among 721 participants of the Health ABC Cognitive Vitality 
Substudy (14). Since individuals with exceptional functional ability 
were over-represented in that cohort, rates of cognitive decline 
were smaller than those observed in more representative popula-
tions, potentially limiting power to detect associations with subtle 
cognitive change (14). In the Framingham (n  =  1,334), and Blue 
Mountains Eye Study (n = 1,382), hearing impairment was not as-
sociated with risk of categorical MMSE decline (7,13). In the Study 
of Osteoporotic Fractures (n = 4,754), older women with hearing 
impairment showed a nonsignificant trend for greater decline on 
the 3MS over 2  years (31). A  longer follow-up period may have 
revealed a significant association. Taken together, our findings and 
those of prior studies suggest that hearing impairment is associated 
with greater cognitive decline, but that associations differ by cogni-
tive domain, may be more apparent in studies with longer follow-up 
and with continuous rather than categorical measures of cognitive 

Figure 1.  Modeled trajectories of cognitive function test performance 
over time as a function of hearing status. Plots are based on base model 
coefficients using hearing group-specific mean values for covariates: age, 
sex, education, and practice effect. The axis for Trails B is reversed so that 
for all tests, downward sloping lines represent declining performance. 
Trajectories are plotted to 10  years follow-up time, the 90th percentile of 
follow-up time for the moderate/severe hearing impairment group. 
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decline, and that associations may be less apparent in those with 
exceptional ability.

We found some support for the hypothesis that cognitive re-
serve modifies the association between hearing impairment and 
cognitive decline. It has been suggested that associations between 
hearing impairment and cognitive impairment arise, at least partly, 
from competition for limited cognitive resources (12,32). Individuals 
with hearing impairment need to devote greater resources to under-
standing poor-quality auditory signals, leaving insufficient resources 
available for other cognitive activities (11,12,32). Those with greater 
resources may be better able to compensate for hearing impairment. 
We found a significant interaction between education level, a proxy 
for cognitive reserve (33), and mild hearing impairment on MMSE 
decline, and a trend-level effect on Trails B decline. For both tests, 
mild hearing impairment was associated with greater decline in 
those without college education, but not among those with college 
education. This may suggest that higher education provides suffi-
cient reserve to compensate for mild, but not more severe hearing 
impairment. However, it is also possible that these tests, particularly 
the MMSE, are not adequately sensitive to subtle decline among 
highly educated adults.

Hearing-related social isolation has also been proposed to con-
tribute to the association between hearing loss and poorer cognitive 
function (34). Hearing impairment can lead to social withdrawal, 
and reduced social engagement can lead to cognitive impairment 
(35,36). In our cohort, there were no differences in measures of so-
cial engagement between those with and without hearing impair-
ment, and inclusion of social engagement measures in our models 
did not attenuate associations. Thus, accelerated cognitive decline 
can be observed even among hearing-impaired individuals who re-
main socially active.

The link between hearing impairment and cognitive impair-
ment may be due to a common underlying cause such as vascular 
disease (3,34) or neurodegenerative diseases such as Alzheimer’s 
disease. However, control for prevalent cardiovascular disease, 

cardiovascular risk factors, and genetic risk for Alzheimer’s disease 
did not change the observed associations. There were no differences 
in APOE genotypes across hearing groups, and associations did not 
significantly differ by genetic risk for Alzheimer’s disease.

The association between hearing impairment and cognitive im-
pairment may arise from structural changes in the brain secondary to 
disuse of circuits responsible for encoding and interpreting auditory 
signals among individuals with hearing impairment (32). Although 
our study does not address this potential explanation, our finding 
that a greater degree of hearing impairment predicts greater cogni-
tive decline over time is consistent with progressive brain changes 
due to reduced auditory input.

Limitations of our study include homogeneity of the sample, 
which is almost entirely white, educated, and middle class, limiting 
generalizability. Also, we examined hearing at baseline only, so we 
are unable to comment on the effect of time-varying hearing impair-
ment. Men, and participants who were older at baseline, may have 
been more likely to develop hearing loss over the follow-up period. 
Thus, some of the cognitive decline over time observed among our 
normal hearing adults may be attributable to the development of 
hearing impairment over the follow-up period (37), which would 
have biased our findings towards the null. We also did not have in-
formation on pure-tone thresholds >40 dB, which likely served to 
underestimate the degree of hearing impairment in those with mod-
erate/severe hearing impairment. Finally, survival bias may have af-
fected our results as participants with greater hearing impairment 
were less likely to return for subsequent visits. However, associations 
remained significant in joint models including survival analyses, sug-
gesting that observed associations were not due to differences in 
survival.

This study has several strengths. The cohort was large and 
well characterized, which allowed control for numerous potential 
confounders and examination of potential effect moderators and 
mediators. The analysis was based on more than 20 years of longi-
tudinal data, which strengthened our ability to detect the association 

Table 2.  Longitudinal Change in Cognitive Test Performance for Mild and Moderate/Severe Hearing Impairment Relative to Normal Hearing 
Participants of the Rancho Bernardo Study

MMSE Trails B VFT 

β (SE) p-Value β (SE) p-Value β (SE) p-Value

Base model
  Time −0.14 (0.02) <.001 0.25 (0.46) .58 −0.19 (0.04) <.001
  Time2 0.006 (0.001) <.001 0.16 (0.03) <.001 −0.005 (0.002) .035
  Mild hearing impairment −0.14 (0.13) .29 −3.51 (3.68) .34 0.18 (0.31) .55
  Moderate/severe impairment −0.49 (0.19) .009 11.23 (5.12) .031 −0.87 (0.43) .043
  Time × hearing impairment  .005  .001  .09
    Time × mild −0.03 (0.01) .032 1.23 (0.40) .002 −0.06 (0.03) .033
    Time × moderate/severe −0.08 (0.03) .003 2.05 (0.71) .004 −0.01 (0.05) .84
Fully adjusted model       
  Time −0.14 (0.02) <0.001 0.21 (0.47) .66 −0.19 (0.04) <.001
  Time2 0.006 (0.001) <.001 0.17 (0.03) <.001 −0.004 (0.002) .06
  Mild hearing impairment −0.19 (0.13) .15 −2.17 (3.80) .57 0.23 (32) .47
  Moderate/severe impairment −0.54 (0.19) .004 11.41 (5.40) .035 −0.70 (0.45) .12
  Time × hearing impairment  .003  .002  .039
    Time × mild −0.03 (0.01) .015 1.25 (0.40) .002 −0.07 (0.03) .012
    Time × moderate/severe −0.08 (0.03) .003 1.91 (0.72) .008 −0.02 (0.05) .74

Note. MMSE = Mini-Mental State Examination; VFT = verbal fluency test. Based on linear mixed effects regressions. Base model: age, sex, education, retest, 
time, and time2. Fully adjusted model: base model plus depression, physical activity, smoking, alcohol use, high-density lipoprotein and low-density lipoprotein 
cholesterol, prevalent cardiovascular disease, hypertension, diabetes, marital status, social group activity, frequency of contacts with friends/family, and number of 
close friends/family. For parameter estimates, for all variables see Supplementary Tables S2 and S3. Bold values represent significance level p < 0.05. 
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between hearing impairment and change in cognition over time. We 
were also able to assess associations of hearing impairment with dif-
ferent domains of cognitive function.

Conclusions

Hearing impairment is associated with poorer performance and 
steeper decline over time on tests of global function and execu-
tive function among community-dwelling older adults. Although 
the basis of these associations is not fully understood, they do not 
appear to arise from hearing-related differences in social engage-
ment, nor from common effects of vascular disease. Instead, they 
may stem, partly, from increased cognitive load and competition for 
limited cognitive resources imposed by hearing impairment, or from 
progressive brain changes due to reduced auditory input. Physicians 
should be aware that older patients with hearing impairment are at 
increased risk for cognitive decline and consider including hearing 
assessments in routine health screening. While the magnitude of the 
associations of mild hearing impairment with cognitive decline were 
small, with the aging of our society and high prevalence of hearing 
loss with age, these associations could have large societal impact. 
Greater emphasis should be placed on minimizing loud noise ex-
posure, the largest modifiable risk factor for hearing impairment, 
and care should be taken when prescribing potentially ototoxic 
medications.

Supplementary Material

Supplementary data are available at The Journals of Gerontology, 
Series A: Biological Sciences and Medical Sciences online.

Funding
This work was supported by a Clinical Research Fellowship from UC San 
Diego School of Medicine (to A.A.A) and grants from the National Institutes 
of Health (NIH; grant numbers R01 AA021187 and R01 AG054067). Data 
collection for the Rancho Bernardo Study was supported by grants from the 
NIH (grant numbers R01 AG028507, R37 AG007181, R01 DK31801). Some 
study data were collected and managed using REDCap electronic data capture 
tools hosted at University of California San Diego and supported by a grant 
from the NIH (grant number UL1TR001442). 

Acknowledgments
Authors’ contributions: A.A.A.: study concept and design, data analysis and 
interpretation, and manuscript preparation; J.B.: data analysis and interpret-
ation, and manuscript preparation; G.A.L.: data collection, data interpretation, 
and manuscript preparation; D.K.-S.: data collection, data interpretation, and 
manuscript preparation; E.L.R.: data interpretation and manuscript prepar-
ation; E.T.R.: data interpretation and manuscript preparation; J.P.H.: study 
concept, data interpretation, and manuscript preparation; E.B.-C.: study de-
sign, data collection, data interpretation, and manuscript preparation; L.K.M.: 
study design, data collection, data interpretation, and manuscript preparation.

Conflict of Interest
None reported.

References
	1.	 Lin  FR. Hearing loss and cognition among older adults in the United 

States. J Gerontol A Biol Sci Med Sci. 2011;66:1131–1136. doi:10.1093/
gerona/glr115

	2.	 Amieva H, Ouvrard C, Meillon C, Rullier L, Dartigues JF. Death, depres-
sion, disability, and dementia associated with self-reported hearing prob-
lems: a 25-year study. J Gerontol A Biol Sci Med Sci. 2018;73:1383–1389. 
doi:10.1093/gerona/glx250

	3.	 Brenowitz WD, Kaup AR, Lin FR, Yaffe K. Multiple sensory impairment 
is associated with increased risk of dementia among black and white older 
adults. J Gerontol A Biol Sci Med Sci. 2018. doi:10.1093/gerona/gly264

	4.	 Goman AM, Lin FR. Hearing loss in older adults—from epidemiological 
insights to national initiatives. Hear Res. 2018;369:29–32. doi:10.1016/j.
heares.2018.03.031

	5.	 Whitson  HE, Cronin-Golomb  A, Cruickshanks  KJ, et  al. American 
Geriatrics Society and National Institute on Aging Bench-to-Bedside 
Conference: sensory impairment and cognitive decline in older adults. J 
Am Geriatr Soc. 2018;66:2052–2058. doi:10.1111/jgs.15506

	6.	 Loughrey DG, Kelly ME, Kelley GA, Brennan S, Lawlor BA. Association 
of age-related hearing loss with cognitive function, cognitive impairment, 
and dementia: a systematic review and meta-analysis. JAMA Otolaryngol 
Head Neck Surg. 2018;144:115–126. doi:10.1001/jamaoto.2017.2513

	7.	 Gates GA, Cobb JL, Linn RT, Rees T, Wolf PA, D’Agostino RB. Central 
auditory dysfunction, cognitive dysfunction, and dementia in older people. 
Arch Otolaryngol Head Neck Surg. 1996;122:161–167. doi:10.1001/
archotol.1996.01890140047010

	8.	 Anstey KJ, Hofer SM, Luszcz MA. A latent growth curve analysis of late-
life sensory and cognitive function over 8 years: evidence for specific and 
common factors underlying change. Psychol Aging. 2003;18:714–726. 
doi:10.1037/0882-7974.18.4.714

	9.	 Valentijn  SA, van Boxtel MP, van Hooren  SA, et  al. Change in sensory 
functioning predicts change in cognitive functioning: results from a 6-year 
follow-up in the Maastricht Aging Study. J Am Geriatr Soc. 2005;53:374–
380. doi:10.1111/j.1532-5415.2005.53152.x

	10.	Gallacher J, Ilubaera V, Ben-Shlomo Y, et al. Auditory threshold, phono-
logic demand, and incident dementia. Neurology. 2012;79:1583–1590. 
doi:10.1212/WNL.0b013e31826e263d

	11.	Lin FR, Yaffe K, Xia J, et al.; Health ABC Study Group. Hearing loss and 
cognitive decline in older adults. JAMA Intern Med. 2013;173:293–299. 
doi:10.1001/jamainternmed.2013.1868

	12.	Deal JA, Sharrett AR, Albert MS, et al. Hearing impairment and cogni-
tive decline: a pilot study conducted within the Atherosclerosis Risk in 
Communities Neurocognitive Study. Am J Epidemiol. 2015;181:680–690. 
doi:10.1093/aje/kwu333

	13.	Hong  T, Mitchell  P, Burlutsky  G, Liew  G, Wang  JJ. Visual impair-
ment, hearing loss and cognitive function in an older population: lon-
gitudinal findings from the Blue Mountains Eye Study. PLoS One. 
2016;11:e0147646. doi:10.1371/journal.pone.0147646

	14.	Deal  JA, Betz  J, Yaffe K, et  al.; Health ABC Study Group. Hearing im-
pairment and incident dementia and cognitive decline in older adults: 
the Health ABC Study. J Gerontol A Biol Sci Med Sci. 2017;72:703–709. 
doi:10.1093/gerona/glw069

	15.	Genther  DJ, Betz  J, Pratt  S, et  al.; Health ABC Study. Association of 
hearing impairment and mortality in older adults. J Gerontol A Biol Sci 
Med Sci. 2015;70:85–90. doi:10.1093/gerona/glu094

	16.	Wilson RS, Beckett LA, Bienias JL, Evans DA, Bennett DA. Terminal decline 
in cognitive function. Neurology. 2003;60:1782–1787. doi:10.1212/01.
WNL.0000068019.60901.C1

	17.	Reas ET, Laughlin GA, Bergstrom J, Kritz-Silverstein D, Barrett-Connor E, 
McEvoy  LK. Effects of sex and education on cognitive change over a 
27-year period in older adults: the Rancho Bernardo Study. Am J Geriatr 
Psychiatry. 2017;25:889–899. doi:10.1016/j.jagp.2017.03.008

	18.	Tombaugh  TN, McIntyre  NJ. The Mini-Mental State Examination: 
a comprehensive review. J Am Geriatr Soc. 1992;40:922–935. 
doi:10.1111/j.1532-5415.1992.tb01992.x

	19.	Reitan  R. Validity of the Trail Making Test as an indicator of or-
ganic brain damage. Percept Mot Skills. 1958;8:271–276. doi:10.2466/
pms.1958.8.3.271

	20.	Butters N, Granholm E, Salmon DP, Grant  I, Wolfe  J. Episodic and se-
mantic memory: a comparison of amnesic and demented patients. J Clin 
Exp Neuropsychol. 1987;9:479–497. doi:10.1080/01688638708410764

572� Journals of Gerontology: MEDICAL SCIENCES, 2020, Vol. 75, No. 3



	21.	Olin  JT, Schneider  LS, Eaton  EM, Zemansky  MF, Pollock  VE. The 
Geriatric Depression Scale and the Beck Depression Inventory as screen-
ing instruments in an older adult outpatient population. Psychol Assess. 
1992;4:190. doi:10.1037/1040-3590.4.2.190

	22.	Laughlin  GA, Barrett-Connor  E, Bergstrom  J. Low serum testosterone 
and mortality in older men. J Clin Endocrinol Metab. 2008;93:68–75. 
doi:10.1210/jc.2007-1792

	23.	Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration 
of low-density lipoprotein cholesterol in plasma, without use of the pre-
parative ultracentrifuge. Clin Chem. 1972;18:499–502. http://clinchem.
aaccjnls.org/content/18/6/499.long

	24.	Park S, Johnson MA, Shea Miller K, De Chicchis AR. Hearing loss and 
cardiovascular disease risk factors in older adults. J Nutr Health Aging. 
2007;11:515–518.

	25.	Wallhagen  MI, Strawbridge  WJ, Cohen  RD, Kaplan  GA. An increasing 
prevalence of hearing impairment and associated risk factors over three 
decades of the Alameda County Study. Am J Public Health. 1997;87:440–
442. www.ncbi.nlm.nih.gov/pmc/articles/PMC1381021/

	26.	Nakanishi N, Okamoto M, Nakamura K, Suzuki K, Tatara K. Cigarette 
smoking and risk for hearing impairment: a longitudinal study in Japanese 
male office workers. J Occup Environ Med. 2000;42:1045–1049. jour-
nals.lww.com/joem/Abstract/2000/11000/Cigarette_Smoking_and_ 
Risk_for_Hearing_Impairment_.1.aspx

	27.	Kim JW, Lee DY, Lee BC, et al. Alcohol and cognition in the elderly: a re-
view. Psychiatry Investig. 2012;9:8–16. doi:10.4306/pi.2012.9.1.8

	28.	Gotlib IH, Joormann J. Cognition and depression: current status and fu-
ture directions. Annu Rev Clin Psychol. 2010;6:285–312. doi:10.1146/
annurev.clinpsy.121208.131305

	29.	Duck  SW, Prazma  J, Bennett  PS, Pillsbury  HC. Interaction between 
hypertension and diabetes mellitus in the pathogenesis of sensori-
neural hearing loss. Laryngoscope. 1997;107(12 Pt 1):1596–1605. 
doi:10.1097/00005537-199712000-00004

	30.	Ibrahim JG, Chu H, Chen LM. Basic concepts and methods for joint mod-
els of longitudinal and survival data. J Clin Oncol. 2010;28:2796–2801. 
doi:10.1200/JCO.2009.25.0654

	31.	Lin MY, Gutierrez PR, Stone KL, et al.; Study of Osteoporotic Fractures 
Research Group. Vision impairment and combined vision and hearing im-
pairment predict cognitive and functional decline in older women. J Am 
Geriatr Soc. 2004;52:1996–2002. doi:10.1111/j.1532-5415.2004.52554.x

	32.	Wayne RV, Johnsrude IS. A review of causal mechanisms underlying the 
link between age-related hearing loss and cognitive decline. Ageing Res 
Rev. 2015;23(Pt B):154–166. doi:10.1016/j.arr.2015.06.002

	33.	Stern  Y. Cognitive reserve in ageing and Alzheimer’s disease. Lancet 
Neurol. 2012;11:1006–1012. doi:10.1016/S1474-4422(12)70191-6

	34.	Lin FR, Albert M. Hearing loss and dementia—who is listening? Aging 
Ment Health. 2014;18:671–673. doi:10.1080/13607863.2014.915924

	35.	Bennett DA, Schneider JA, Tang Y, Arnold SE, Wilson RS. The effect of 
social networks on the relation between Alzheimer’s disease pathology 
and level of cognitive function in old people: a longitudinal cohort study. 
Lancet Neurol. 2006;5:406–412. doi:10.1016/S1474-4422(06)70417-3

	36.	Strawbridge  WJ, Wallhagen  MI, Shema  SJ, Kaplan  GA. Negative con-
sequences of hearing impairment in old age: a longitudinal analysis. 
Gerontologist. 2000;40:320–326. doi:10.1093/geront/40.3.320

	37.	Guerreiro  MJS, Van  Gerven  PWM. Disregarding hearing loss leads 
to overestimation of age-related cognitive decline. Neurobiol Aging. 
2017;56:180–189. doi:10.1016/j.neurobiolaging.2017.05.001

Journals of Gerontology: MEDICAL SCIENCES, 2020, Vol. 75, No. 3� 573

http://clinchem.aaccjnls.org/content/18/6/499.long﻿
http://clinchem.aaccjnls.org/content/18/6/499.long﻿
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1381021/﻿
http://journals.lww.com/joem/Abstract/2000/11000/Cigarette_Smoking_and_Risk_for_Hearing_Impairment_.1.aspx﻿
http://journals.lww.com/joem/Abstract/2000/11000/Cigarette_Smoking_and_Risk_for_Hearing_Impairment_.1.aspx﻿
http://journals.lww.com/joem/Abstract/2000/11000/Cigarette_Smoking_and_Risk_for_Hearing_Impairment_.1.aspx﻿

