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Hearing impairment in older adults has been consistently linked to cognitive impairment,
accelerated cognitive decline! and increased risk of incident dementia? in population-based
observational studies. Overall, hearing impairment is estimated to increase risk for dementia by
94%,2 with risk increasing as hearing loss severity increases.®® Because so many older adults
have hearing impairment, and assuming the observed associations reflect a causal relationship,
prevention or treatment of hearing impairment is estimated to have the greatest potential for
dementia prevention compared to any other modifiable dementia risk factor; up to 9% of
dementia cases in the world could possibly be prevented with hearing treatment or prevention,?
with the strong caveat that this estimate assumes a causal relationship between hearing
impairment and dementia.

However, whether hearing impairment is a cause or simply a marker of cognitive decline
and dementia is unknown. Both hearing impairment and cognitive decline/dementia may be
caused by a common underlying pathology, such as microvascular disease or other processes
typically ascribed to ‘aging’. Alternatively, causal mechanisms that may link hearing impairment
and cognitive decline and dementia include increased cognitive load and/or social isolation.®
Additionally, neuroimaging studies suggest that hearing impairment may affect the brain, even
in regions outside of the primary auditory cortex.” Individuals with hearing impairment appear to
recruit executive networks® and show evidence of cross-modal plasticity between the
somatosensory and auditory systems® for compensatory processing of degraded acoustic
signals. Hearing impairment has also been associated with faster rates of brain atrophy over
time in the right temporal lobe and whole brain?® and in the ARIC cohort, is associated with
smaller brain volumes in the superior temporal gyrus, the location of the primary auditory cortex
(MP#2417, in preparation). Given this evidence, hearing loss has been described as a possible
‘second hit’ to the brain that may add to other brain pathologies (e.g., amyloid, cerebrovascular
disease) to increase risk of cognitive decline and dementia, but this hypothesis has never been
directly tested in an epidemiologic setting. We propose to address this research gap by
guantifying the relationship between hearing impairment measured with pure tone audiometry
and cognitive decline and progression to dementia over 8-9 years (visits 5-7/8).

5. Main Hypothesis/Study Questions:

Hearing impairment is associated with faster rates of cognitive change and with greater
incidence of progression from unimpaired cognitive status or MCI at Visit 5 to dementia through
Visit 7/8. We hypothesize that the magnitude of estimated associations increases with
increasing levels of hearing impairment.

6. Design and analysis (study design, inclusion/exclusion, outcome and other variables of
interest with specific reference to the time of their collection, summary of data analysis,
and any anticipated methodologic limitations or challenges if present).

Analytic Sample

Biracial population of individuals with hearing assessed at Visit 6 (2016-17, 43% African
American) and at least one cognitive visit measured from Visits 5-7/8. Participants missing
complete audiometric data needed calculate hearing in the better hearing ear will be excluded
from analysis (N=375 at Visit 6).

Coanitive Test Performance

The primary outcome will be change in global factor cognitive score from Visits 5-7/8.12 In
secondary analyses, we will quantify the relationship between hearing impairment and change
in domain-specific factor scores. Although hearing was not assessed until Visit 6, and our first




cognitive measure will be from Visit 5, we believe this approach is valid given that change in
hearing generally progresses slowly over time (approximate rate of 1-2 dB/year) and that our
measure of hearing impairment is based on the better hearing ear (most medical conditions that
acutely affect hearing are rare and do not do so bilaterally). Additionally, we do not believe that
subclinical cognitive impairment would affect the reliability of audiometric testing of peripheral
hearing impairment (i.e., reverse causation) for several reasons: (1) PTA is a measure of the
auditory periphery (i.e., it relies on cochlear transduction and neuronal afferents to brainstem
nuclei without requiring significant higher auditory cortical processing),*® (2) valid hearing
thresholds can be obtained persons with dementia,* and (3) AD neuropathology has not been
found in the peripheral auditory pathways.'® !¢ In a subset of Washington County participants
with hearing measured at Visit 5 as part of the hearing pilot study (N~250), the average change
in dB from visits 5-6 is 6 dB, a difference that is not clinically meaningful.

Dementia and Mild Cognitive Impairment

Dementia diagnosis (“level 3” dementia in the ARIC database) is performed using standardized
algorithms incorporating longitudinal cognitive data and complete neuropsychological battery
data, with algorithmic diagnoses confirmed by expert panel review. Dementia diagnoses for
participants who do not attend clinic visits are based on supplementary cognitive information
[Modified Telephone Interview for Cognitive Status (TICS) interview with the participant, on
modified Clinical Dementia Rating (CDR) interviews with informants at visit 5, or the six-item
screener (SIS) and the Alzheimer’s disease 8 (AD8) at visits 6 and 7/8], or on hospital or death
certificate dementia codes alone. For diagnosis ascertained by codes, the date of dementia
onset is estimated to be 6 months before the hospitalization. Mild cognitive impairment (MCI) is
adjudicated only for the subset of participants who attended each clinic visit.}” Dementia and
MCI status is currently available at visits 5-6. Visit 7/8 data will be utilized as part of this
proposal as it becomes available.

Hearing Impairment

Pure tone air conduction audiometry was conducted at Visit 6 (2016-17) at all 4 study sites in a
sound-treated booth within a quiet room. Pure tone audiometry is the gold-standard test to
determine the faintest tones that a person can detect for a range of pitches. We will calculate a
better-hearing ear, 4-frequency pure tone average (PTA) in decibels hearing level (dB HL) using
audiometric thresholds at the speech frequencies of 0.5, 1, 2, and 4 kHz. Hearing will be
treated as a continuous variable. Additionally, we will define hearing impairment by categorizing
PTA using a clinically defined ordinal variable: no hearing impairment, <25 dB HL; mild hearing
impairment, 26-40 dB HL; and moderate or greater hearing impairment, >40 db HL.'8

Additional independent Variables

Demographic information (Visit 1) includes birthdate (for calculation of age in years), sex, and
education (highest grade or year of school completed). Education will be categorized according
to standardized ARIC algorithms as less than high school, high school, or greater than high
school. Smoking status will be defined using self-report current (Visits 5 and 6) and past
(available at Visit 5 only) cigarette smoking status. Hypertension will be considered present
based on a diastolic blood pressure = 90 mmHg, systolic blood pressure 2140 mmHg, or use of
hypertensive medications. Diabetes will be considered present if fasting blood glucose level was
> 126 mg/dL, or the participant self-reported a diagnosis of diabetes or of medication use for
diabetes. APOE e4 status will be defined using a binary variable for number of 4 alleles (O vs.
>1).

Statistical Analysis




Linear mixed models with random intercepts and slopes will be used to estimate the average
difference in change in cognitive factor scores from Visits 5-7/8 by hearing impairment status.
An interaction term between time and hearing will be used to test if rates of cognitive decline

differ by hearing impairment status.

Progression to dementia by hearing impairment status will be modeled using multivariable-
adjusted Cox proportional hazards models with the Efron method to handle ties; the
proportionality assumption will be verified using Shoenfeld residuals. As per prior work in this
cohort by Wu et al., the groups of interest in transition to dementia will be (1) all dementia-free
participants; (2) participants without dementia with unimpaired cognition; and (3) participants
without dementia with MCI.1° Because MCI is only adjudicated at clinic visits, the transition from
unimpaired cognitive status to MCI will be modeled using complementary log-log models.

Analyses will be adjusted for age, sex, education, race, smoking status (measured at Visit 5),
APOE &4, diabetes (measured at Visit 5) and hypertension (measured at Visit 5). We will
explore for non-linear associations with age and adjust for age using flexible splines if
warranted.

We will investigate for potential effect modification of the hearing loss-cognition relationship by

sex and race by stratification and inclusion of an interaction term with hearing loss. We will also
evaluate for possible modification by brain volumes in total cortex and in the superior temporal

gyrus, the location of the primary auditory cortex.

Because participants must have attended visit 6 to have hearing measured, attrition prior to visit
7 would preclude measurement of cognitive function at that visit. Missing global factor scores at
visit 7 will be imputed as described in Wu et al. (MP #3170).
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