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4. Rationale:  
 
 Starting at approximately age 50 years, the prevalence of hearing loss increases with every 
decade (Lin et al., 2011). According to statistics from 1999-2010 National Health and Nutrition 
Examination Survey (NHANES), one in three adults aged 65 to 74 had hearing loss, and almost 
half of adults aged 75 and older reported difficulty hearing (National Institute on Deafness and 
other Communication Disorders [NIDCD], 2018). Previous studies have reported that older 
adults with hearing impairment experience social isolation, impaired physical functioning, and 
mobility limitations (Chen et al., 2014; Choi et al., 2016; Li et al., 2013; Mick et al., 2014; Polku 
et al., 2015; Martinez Amezcua et al., 2021), but very few studies have examined whether 
hearing impairment may also contribute to constrained participation in physical activity in older 
adults (Chen et al., 2014; Gipsen et al., 2014). In addition, previous studies investigating the 
association between hearing loss and physical activity have used mainly coarse measures of self-
reported physical activity, which may not adequately capture time spent in light activities and 
may be biased by problems with recall, particularly in older adults (Schrack et al., 2016).  
 Accelerometers provide the opportunity to capture physical activity quantities and patterns 
in greater detail than questionnaires, but their use in older adults with hearing impairment has 
been limited. Gipsen and colleagues (2014) examined the relationship between hearing 
impairment and accelerometer-measured physical activity in adults aged 70 and older, but 
focused solely on time spent in moderate and vigorous activities per week. Moreover, novel 
physical activity metrics such as activity fragmentation and diurnal patterns of physical activity 
have been linked with measures of functional status and mortality over and above traditional 
measures of total volume and intensity of daily physical activity (Schrack et al., 2014; Schrack et 
al., 2019; Wanigatunga et al., 2019). In addition, diurnal patterns of daily activity may provide 
additional important information on timing of daily activities, such as activity peak and nadir, 
which may shed light on health outcomes (Schrack et al., 2014; Wanigatunga et al., 2019). 
Collectively, these measures will provide novel insights into the relationships among hearing 
impairment, physical function, and physical activity and provide a basis for future longitudinal 
analyses.  
 The ACHIEVE study collected baseline wrist-worn 7-day accelerometry data using the 
Actigraph Link in all participants and completed functional performance testing (grip strength, 
short physical performance batter (SPPB). We propose to use the baseline data to investigate the 
cross-sectional association between hearing impairment and daily physical activity volume (total 
daily activity, active time, and sedentary time), fragmentation, and diurnal patterns in older 
adults. 
 
5. Main Hypothesis/Study Questions: 
 

1) Is severity of hearing impairment associated with volume of total daily physical activity, 
daily active time, and daily sedentary time in community-dwelling older adults? 
 
Hypothesis: Older adults with more severe hearing impairment will have fewer daily 
activity counts, less active time, and more sedentary time. 

 
2) Is severity of hearing impairment associated with fragmented physical activity (defined 

as the probability of transitioning from an active to a sedentary state) in community-
dwelling older adults? 
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Hypothesis: Older adults with more severe hearing impairment will have more 
fragmented (higher active-to-sedentary transition probability) physical activity patterns. 
 

3) Do diurnal patterns of physical activity differ by severity of hearing impairment in 
community-dwelling older adults? 
 
Hypothesis: Older adults with moderate (or greater) hearing impairment will exhibit 
delayed and diminished diurnal patterns of physical activity compared to those with mild 
hearing impairment. 
 

4) Does baseline physical function (gati speed, chair stands, balance, grip strength) differ 
by level of hearing impairment? 

 
Hypothesis: Older adults with moderate (or greater) hearing impairment will exhibit 
lower physical function compared to those with mild 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). 
 

• Study Design: Cross-sectional study design 
• Inclusion/exclusion criteria: All eligible participants enrolled at baseline in the 

ACHIEVE study.  
o 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 (Deal et al., 2018), 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. 

o 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 conductive hearing impairment, 6) unwillingness 
to regularly wear hearing aids.  

• Exposure: Severity of hearing impairment. All participants in the ACHIEVE study had 
untreated adult-onset bilateral hearing impairment. The exposure variables will be the 
continuous PTA and a dichotomous variable categorizing mild hearing impairment (PTA 
≥30 and <40 dB) and moderate hearing impairment (PTA ≥40 and <70 dB).  

• Outcomes:  
o Baseline accelerometer-measured physical activity metrics: total daily physical 

activity counts, active time and sedentary time (in minutes per day), activity 
fragmentation index (active-to-sedentary transition probability), and diurnal 
patterns of physical activity (minute level activity counts summarized into time 
bins for morning, afternoon, and evening). The active-to-sedentary transition 
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probability will be calculated as the reciprocal of the mean activity bout length for 
each participant.  

o Baseline physical function metrics: SPPB and its components (gait speed, 
standing balance, chair stands), grip strength 

• Other variables of interest: Baseline sociodemographic and health characteristics: clinical 
sites, age, sex, race/ethnicity, education, BMI, chronic conditions (cardiovascular disease, 
diabetes, stroke, hypertension, etc.), smoking status (current, former, never), cognitive 
status (measured by MMSE), and depression (measured by CES-D).  

• Data Analysis:  
o Power analysis: Assuming the prevalence of mild hearing impairment among 

older adults with any level of hearing impairment is approximately 53%, we 
estimate a sample size N=850 will provide 80% power to detect 0.19 SD 
difference of means with a significance level α=0.05 (Gipsen et al., 2014). 

o For accelerometer data analysis, a minimum of three valid days will be required 
and days with more than 10% of data missing will be excluded for this analysis. 
For valid days (≤ 10% of data missing), missing values will be imputed as the 
average activity counts for the same minute over all available days for each 
participant. To calculate daily active and sedentary time, the active state will be 
defined as the activity counts ≥ 2,303 counts/minute if the device is worn in the 
dominant hand or ≥ 1,853 for the non-dominant hand. The sedentary state will be 
defined as activity counts < 2,303 counts/minute for the dominant hand or < 1,853 
for the non-dominant hand (Koster et al., 2016). 

o Sociodemographic characteristics, health conditions, accelerometer metrics, and 
physical function will be summarized using mean (SD) or frequency and 
percentage.  

o Accelerometers metrics and physical function will be characterized by clinical 
sites. 

o  
o Linear regression models will be used to examine the association between hearing 

impairment (continuous PTA and moderate vs. mild hearing impairment) and 
total daily physical activity counts, active time, sedentary time, activity 
fragmentation, SPPB score, gait speed, chair stands, standing balance, and grip 
strength..  
 Distributions will be checked for normality and log-transformed as 

needed. 
o Multilevel models will be used to test the differences in diurnal patterns of 

physical activity between older adults with moderate and mild hearing 
impairment. The time interval will be examined in bins of 4 and 6 hours (Schrack 
et al., 2014; Wanigatunga et al., 2018). 

o Multivariable model 1 will be adjusted for age, sex, and race/ethnicity. Model 2 
will be adjusted for covariates included in Model 1 and education, BMI, chronic 
conditions. Model 3 will be adjusted for covariates included in Model 2, smoking 
status, and gait speed.  

o Mediation analysis will be conducted to examine the mediating effects of 
cognitive status and depression in the relationships of hearing impairment with 
physical function and physical activity. 
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o All significance tests will be conducted using two-sided tests. The significance 
level α will be set as 0.05. All data analyses will be conducted using SAS 9.4 
(SAS Institute, Cary, NC). 

• Limitations:  
o Given the nature of cross-sectional study, the temporality of the relationships of  

hearing impairment with physical function and physical activity cannot be 
demonstrated in this study. Restrictions of physical activity participation may also 
contribute to hearing impairment in older adults. 
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