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4. Rationale:  
Maintaining physical function a public health priority for an aging society. Hearing loss is an 
underrecognized risk factor for physical function decline that may be amenable to rehabilitative 
interventions and devices. A small but growing body of observational epidemiologic studies suggests an 
association between hearing loss and gait speed [1,2], and poorer lower mobility function [3-7]. These 
observed associations could be explained through a common underlying pathology, such as inflammation 
or concomitant vestibular dysfunction [8,9]. However, in a recent study in the Baltimore Longitiduanl 
Study on Aging, one of the few studies with both audiometric hearing and vestibular function measured, 
moderate or greater impairment versus normal hearing was associated with poorer lower extremity 
function and slower walking speed and baseline and with faster rates of decline over 6 years in 831 adults 
aged 40-92 years, independent of vestibular function [4]. Alternatively, hearing loss may cause physical 
function decline through mechanisms including cognitive decline, increased cognitive load, reduced 
auditory awareness of the environment, or increased social isolation and loneliness [10,11]. However, few 
studies have investigated if hearing aids can mitigate this association. In the above-referenced study in the 
BLSA, hearing aid users walked 400 m an average of 24 seconds faster than nonusers with hearing loss 
(p = 0.001) [4]. However, other studies, including one in the Atherosclerosis Risk in Communities Study, 
failed to find a difference in physical function outcomes by hearing aid use [7]. To date, there has never 
been a large-scale randomized study to determine if hearing rehabilitation intervention can slow physical 
function decline in older adults with hearing loss.  
 
5. Main Hypothesis/Study Questions: 
Study Question: 
To determine the effect of a hearing intervention versus a successful aging health education control 
intervention on the primary outcome of 3-year change in physical function as measured by the Short 
Physical Performance Battery and grip strength in well-functioning, cognitively-normal participants with 
hearing loss aged 70‐84 years.  
 
Main Hypotheses: 
Compared to a successful aging health education control intervention, hearing intervention is associated 
with higher SPPB scores and grip strength over 3 years of follow-up.  
 
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). 
 
Study design: Randomized trial of 977 participants enrolled in the Aging and Cognitive Health 
Evaluation in Elders (ACHIEVE) trial from 2018-2019 and followed for 3 years. Participants were from 
four U.S. sites (Forsyth County, NC; Jackson, MS; Minneapolis, MN; Washington County, MD). 238 
participants were recruited from the ongoing Atherosclerosis Risk in Communities Neurocognitive 
(ARIC-NCS) Study and the remaining 739 participants were recruited de novo from the community.  
 
Inclusion/exclusion criteria for ACHIEVE: All eligible participants enrolled at baseline in the 
ACHIEVE study.  

• Inclusion criteria: 1) age 70-84 years, 2) community-dwelling adults, 3) mild–to-moderate 
audiometric hearing impairment, defined as a better-hearing ear pure tone average (PTA) ≥30 and 
<70 dB hearing level, 4) MMSE ≥23 for those with  high school degree or less, and ≥25 for those 
with some college education or more, 5) Word Recognition in Quiet score ≥60% correct in the 
better-hearing ear, 6) fluent English-speaker, 7) older adults who plan to remain in the area during 
the study period. 

• Exclusion criteria: 1) self-reported difficulty in ≥2 activities of daily living, 2) prior dementia 
diagnosis, 3) vision impairment, 4) medical contraindication to hearing treatment, 5) untreatable 
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conductive hearing impairment, 6) unwillingness to regularly wear hearing aids; 7) self-reported 
hearing aid use in the past year.  

 
Outcome Variables: Primary outcomes will include total Short Physical Performance Battery (SPPB) 
score and grip strength. In secondary analysis, we will estimate the association between intervention 
assignment and components of the SPPB, including chair stand speed, balance, and 4-m walking speed.  
 
The Short Physical Performance Battery (SPPB) is a series of physical performance tests designed to 
assess lower extremity function in older adults, ranging in score from 0-12; higher scores indicate better 
function. The total score is the sum of 3 component scores: chair stands, balance and 4-meter walk; each 
component score ranges from 0-4. The SPPB and its components predict mortality [12], falls [13], 
hospitalization [14] and incident disability [15,16]. 
 
SPPB Components:  

• Chair stands. Participants were asked to fold arms over chest, and rise to standing from a seated 
position in a chair. If able to complete one chair stand, participants were then timed as they 
completed five chair stands in a row, as quickly as possible without stopping, keeping arms 
folded over chest. Participants were assigned a score ranging from 0-4 based on the ability and 
time to complete  

• Balance. Each participant was scored for standing static balance based on his/her ability to 
balance for 10 seconds with feet side-by-side, in semi-tandem, and in full tandem position.  

• 4-meter walk. Participants were asked to complete a 4 meter walk at their normal pace in two 
trials. Participants were encouraged to complete each walk without a walking aid (e.g., walker, 
cane) if possible, but allowed to use a walking aid if they chose to do so.  

 
Proposed SPPB scoring from the National Institute on Aging [12] shows ceiling effects in high 
functioning populations. In order to discriminate physical function in a high-functioning population, 
SPPB component scores can be rescaled according to published guidelines developed in the Health Aging 
and Body Composition (Health ABC) study [17]. 
 
Grip strength was measured with a hand held dynamometer. After one practice trial, participants were 
asked to complete two trials, squeezing as hard as possible, with a 15-20 second rest between trials. We 
will average the two trials for analysis. 
 
Exposure Variables: Intervention group (hearing intervention vs. successful aging interventoin) assigned 
at baseline randomization. 
 
Other Variables: The primary analysis may include adjustments for the baseline hearing loss, ARIC vs 
de novo status, center, age (years), sex (male/female), and education (less than high school/ high school or 
equivalent/ greater than high school). 
 
Analytic Plan : A statistical analysis plan (SAP) has previously been developed by the CC in conjunction 
with ACHIEVE investigators and was approved by the NIA and ACHIEVE DSMB in June 2022. Complete 
details of the primary data analysis, and with  planned sensitivity and exploratory analyses and analyses 
of secondary outcomes, are in the SAP. Mr. Wuyang Zhang will be the analysis lead for this manuscript. 
 
We will examine physical function decline within each condition using mixed effects models that account 
for the correlation among repeated measures as well as the correlation between spouses or cohabitating 
partners. If a linear trend appears reasonable, we will fit a model with a linear slope. If a nonlinear trend is 
observed, the model will be adapted to include time splines. Continuous time in years from the baseline 
will be the time scale. An interaction term between treatment assignment and time will be used to test if 
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rates of physical function change differ by treatment assignment. Model fit will be assessed with residual 
plots and other statistics (Akaike Information Criterion, Bayesian Information Criterion, etc.). The 
primary analysis may include adjustments for the baseline hearing loss, ARIC vs de novo status, center, 
age, sex, and education. We will consider advanced statistical techniques to account for informative 
attrition as outlined in the SAP. 
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