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Abstract

Background: Hearing loss is associated with adverse health outcomes among older adults. Lower physical activity levels may partly explain
these observations, yet the association between hearing loss, hearing aid use, and physical activity among older adults is understudied.

Methods: Cross-sectional analysis of National Health and Aging Trends Study (2021) participants. The better-hearing ear pure-tone average
(BPTA) at speech frequencies (0.5-4 kHz) was modeled continuously (10-dB increments) and categorically (no: <25 dB, mild: 26-40 dB, moder
ate or greater: >40 dB hearing loss). Activity measures were wrist accelerometry-derived (Actigraph) total activity counts, daily active minutes,
activity fragmentation (using active-to-sedentary transition probability), and self-reported participation in vigorous activities and walking for exer-
cise in the last month. We used multivariable regression adjusted for sociodemographic and health covariates.

Results: Among 504 participants excluding hearing aid users (mean age = 79 years, 57 % female, 9% Black), 338 (67 %) had hearing loss. Worse
hearing (continuously and categorically) was associated with fewer counts and active minutes, more fragmented activity, and greater odds of
not reporting recent vigorous activities. Among 472 participants with hearing loss including hearing aid users, nonusers (n = 338) had more
fragmented activity and greater odds of not reporting walking for exercise compared to users.

Conclusions: Older adults with hearing loss are less physically active. This may mediate the association between hearing loss and other adverse
outcomes. Recognition of this potential association is essential for providers to better support older adults in maintaining an active lifestyle.

Future research is warranted to understand the impact of hearing interventions.
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Physical activity is an essential component of healthy ag-
ing. Older adults who are physically active are more likely
to maintain independence, have fewer chronic diseases, and
live longer (1-4). Despite the widespread benefits, physical
activity levels decline with age (5) and around 80% of adults
in the United States do not meet national recommendations
(6,7). Identifying risk factors for lower physical activity levels
among older adults is important for clinical and public health
preventative measures.

Hearing loss is highly prevalent among older adults, and
the prevalence is projected to increase as the population ages
(8). Age-related hearing loss is associated with frailty, poorer
physical function, and falls (9-11); it is possible that low
physical activity levels partially explain these associations
(12). There are several potential mechanisms through which
hearing loss may contribute to physical inactivity, including a
decline in the perception of environmental auditory cues while
moving (13), social isolation (14), and increased allocation

of cognitive resources for listening, leaving limited attention
for simultaneous tasks (15,16). Importantly, hearing aid use
may address these issues via easier cognitive processing and
improved communication.

Findings from previous studies suggest that older adults
with hearing loss are less physically active using self-
report (17) and accelerometry (18,19) measures. However,
some studies categorized physical activity levels based on
moderate-to-vigorous intensity activity, which may be a less
sensitive measure for older adults who tend to engage in
primarily light-intensity activity. The National Health and
Aging Trends Study (NHATS), a nationally representative
sample of older adults in the United States, introduced
clinical-standard audiometric hearing testing and an accel-
erometry module in their 2021 round, in addition to exist-
ing self-reported activity measures. Using this data, we
studied the association of hearing loss with accelerometry-
measured and self-reported physical activity and investigated

Received: April 23 2023; Editorial Decision Date: July 24 2023.

© The Author(s) 2023. Published by Oxford University Press on behalf of The Gerontological Society of America. All rights reserved. For permissions,

please e-mail: journals.permissions@oup.com.


https://orcid.org/0000-0002-3514-2610
https://orcid.org/0000-0002-6985-048X
https://orcid.org/0000-0001-9244-9267
https://orcid.org/0000-0002-3076-0946
mailto:pmarti60@jhu.edu
journals.permissions@oup.com

2 The Journals of Gerontology, Series A: Biological Sciences and Medical Sciences, 2024, Vol. 79, No. 1

differences in physical activity levels by hearing aid use.
Additionally, we explored whether the associations vary by
sex. We hypothesized that older adults with hearing loss are
more physically active than those without, and that, among
those with hearing loss, nonusers are less physically active
than hearing aid users.

Method

Study Population

NHATS is an ongoing cohort study of a nationally repre-
sentative sample of Medicare beneficiaries ages 65 years and
older in the United States. The study design includes over-
sampling of the oldest old (80+) and Black adults, as well
as in-home interviews, providing a rich data source to study
populations that are commonly underrepresented or missed
due to travel or mobility restrictions. In Round 11 (2021),
644 participants had physical activity and audiometric
hearing assessments. We excluded participants with missing
covariates (hypertension = 1, education = 1), and restricted
our primary analysis to participants who reported no hearing
aid use (excluded 138 aid users); thus, our primary analytic
sample was 504. In secondary analyses, we restricted our
sample to participants with hearing loss, allowing aid users
in the sample, and investigated differences in physical activ-
ity by hearing aid use; we excluded those with missing data
on covariates (hypertension = 1, education = 1); thus, had a
secondary analytic sample of 472 participants. The NHATS
was approved by the Institutional Review Board at the Johns
Hopkins Bloomberg School of Public Health. All study par-
ticipants or proxy respondents signed informed consent at
the time of enrollment. All data used for this study are de-
identified and publicly available.

Assessment of Physical Activity
Accelerometry-derived measures

Data on physical activity were collected through wrist accel-
erometry using the triaxial and water-resistant Actigraph
CentrePoint Insight Watch (“Activity Watch”). During the
in-home study visit, the watch was fitted, and participants
were asked to wear the device continuously on their non-
dominant wrist for the following 7 days, only removing it
for water exposure >30 minutes (eg, bathing, swimming).
After 7 days, the participants returned the device via U.S.
mail. Data were processed to derive physical activity mea-
sures. We included participants with >3 valid days of data
collection (nonwear time <144 minutes [10% of a 24-hour
cycle] (20)) in our analysis (7 = 9 excluded). Activity counts
for nonwear minutes were imputed using the average across
all available days for each participant (21). We used 3
accelerometry-derived measures to examine daily physical
activity: (1) daily total activity counts (TAC); the vector
magnitude of TAC across the 3 axes; (2) daily active min-
utes, calculated as the sum of minutes per day spent above
a threshold of 1 853 counts per minute (22); and (3) activ-
ity fragmentation, defined as the probability of transition-
ing from an active-to-sedentary state (ASTP) and calculated
as the reciprocal of the mean active-bout duration. Higher
ASTP values represent a more fragmented activity pattern,
an indicator of high fatigability and poorer functional per-
formance (23). For ease of interpretation, we expressed the
values of ASTP as percentages.

Self-reported measures

Participants were asked if they performed vigorous activi-
ties and walked for exercise the month before the interview.
Specifically, they were asked, “In the last month, did you ever
spend time on vigorous activities that increased your heart
rate and made you breathe harder” (eg, working out, swim-
ming, running)? (yes/no), and “In the last month, did you ever
go walking for exercise? (yes/no).” These measures were ana-
lyzed as binary outcomes, and we reversed them (outcome =
no participation in such activities in the last month) for ease
of interpretation of our estimates.

Assessment of Hearing

Pure-tone audiometry

Hearing was assessed through pure-tone audiometry using
iPad-based portable audiometers (SHOEBOX Ltd, Ontario,
Canada). The air conduction hearing thresholds, in decibels
hearing level (dB HL), at which participants responded to
sound at different frequencies in each ear were measured
without hearing devices, if applicable. We calculated the
4-frequency (0.5, 1.0,2.0, and 4.0 kHz) pure-tone average for
each ear and used the better-hearing ear’s PTA (BPTA) for our
analyses. We used the BPTA as a continuous measure (scaled
by 10 dB HL) and categorized into no hearing loss (BPTA <25
dB hearing level [dB HL]), mild hearing loss (BPTA >25-40
dB HL), and moderate or greater hearing loss (BPTA >40 dB
HL). Hearing aid use was self-reported. Participants were
asked: “In the last month, have you used a hearing aid or a
hearing device? [yes/no].”

Covariates

Sociodemographic variables were self-reported and included
age (continuous), sex (male, female), race/ethnicity (White,
Black, and Other including Hispanic and non-Hispanic
American Indian, Asian, Native Hawaiian, and Pacific
Islander), education level (less than high school, high school,
some college, and college or more), and household income
(considering all sources of income).

Health conditions included self-reported physician diag-
noses of hypertension and diabetes. Participants were asked:
“Since the last interview, has a doctor told you that you had
high blood pressure or hypertension/diabetes? [yes/no]. We
combined those with previously reported and new diagno-
ses of having the condition. We also included body mass
index (BMI, kg/m?), calculated using self-reported height and
weight.

In sensitivity analyses, we defined lower extremity physical
function using the Short Physical Performance Battery (SPPB),
a summary score ranging from 0 to 12 representing partici-
pants’ performance on a 3-m walking test, balance activities
(side-by-side, semi-tandem, full tandem, one leg eyes open,
one leg eyes closed), and chair stands (24). We considered
participants with a score of 8 or more as having adequate
physical function (25).

Statistical Analysis

We compared participants’ characteristics across hearing loss
categories for descriptive analysis using analysis of variance
for continuous variables and chi-squared tests for categori-
cal ones. We plotted the median activity counts for each min-
ute across hearing categories for crude comparisons of daily
activity patterns (Figure 1).
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Table 1. Sample Characteristics by Hearing Status from the National Health and Aging Trends Study, 2021 (N = 504)

Total (N = 504) No Hearing Loss Mild Hearing Loss Moderate or Greater p Value
(n=166) (n=243) Hearing Loss (1 = 95)

Age, mean (SD) 78.49 (5.39) 76.00 (3.69) 78.97 (4.92) 81.62 (6.91) <.001
Sex, % (n) 15

Male 43.25% (218) 43.37% (72) 39.92% (97) 51.58% (49)

Female 56.75% (286) 56.63% (94) 60.08% (146) 48.42% (46)
Race, % (n) .66

White 80.95% (408) 83.13% (138) 81.48% (198) 75.79% (72)

Black 8.93% (45) 7.83% (13) 9.05% (22) 10.53% (10)

Other” 10.12% (51) 9.04% (15) 9.47% (23) 13.68% (13)
Education, % (1) <.001

Less than high school 12.50% (63) 7.83% (13) 11.52% (28) 23.16% (22)

High school diploma 24.80% (125) 12.65% (21) 30.04% (73) 32.63% (31)

Some college 27.58% (139) 28.31% (47) 29.63% (72) 21.05% (20)

College or more 35.12% (177) 51.20% (85) 28.81% (70) 23.16% (22)
Household income, mean (SD)  62572.29 (56976.21) 80013.70 (63313.87) 57210.52 (55545.81) 45810.55 (38679.05) <.001
BMI, mean (SD) 28.45 (7.58) 28.12 (6.40) 28.25 (6 x 07) 29.53 (11.79) .30
Diabetes, % () 30.36% (153) 24.70% (41) 32.10% (78) 35.79% (34) 12
Hypertension, % () 74.40% (375) 64.46% (107) 76.95% (187) 85.26% (81) <.001
TAC in 1000’s, mean (SD) 1684.63 (629.96) 1861.30 (644.68) 1664.59 (595.15) 1427.21 (599.19) <.001
Daily active minutes, mean (SD) 340.59 (128.24) 373.40 (125 08) 338.83 (122.67) 287.73 (130.63) <.001
ASTP, mean (SD) 29.20 (10.01) 26.95 (8.6 29.06 (9.37) 33.50 (12.36) <.001
Did not perform vigorous activ- 59.92% (302) 51.81% (86 ) 59.26% (144) 75.79% (72) <.001
ities in last month, % ()
Did not walk for exercise in last ~ 37.10% (187) 28.92% (48) 36.63% (89) 52.63% (50) <.001

month, % (n)

Notes: ASTP, active-to-sedentary transition probability (ie, activity fragmentation); SD = standard deviation; TAC, total activity counts.
“Other including Hispanic and non-Hispanic American Indian, Asian, Native Hawaiian, and Pacific Islander.

For multivariable regression models, we built two sets
of covariates for adjustment. In Model 1, we adjusted for
sociodemographic variables (age, sex, race, and education
level). In Model 2, we additionally adjusted for diabetes,
hypertension, and BMI. We accounted for sampling weights
specifically calculated for participants with accelerome-
try data in NHATS using Stata’s svy suite for survey data
analysis.

Using linear regression models, we evaluated the associ-
ation between hearing and accelerometry-derived activity
measures. We calculated the differences in TAC, daily active
minutes, and ASTP per each 10 dB HL difference in BPTA
and across hearing loss categories.

Using logistic regression models, we calculated odds ratios
(ORs) of not participating in vigorous activities and walk-
ing for exercise (i.e., self-reported physical activity) in the last
month across hearing measures.

Among participants with hearing loss (mild or greater), we
investigated differences in physical activity measures between
hearing aid users and nonusers. We used the models described
above and additionally adjusted for BPTA and the log 10
transformation of total household income (a proxy for socio-
economic status) since differences in socioeconomic status
may confound the association between hearing aid use and
physical activity levels.

To explore sex differences in the association of hear-
ing loss and physical activity, we introduced an interaction

term between the hearing loss variables and sex. We ran sex-
stratified analyses adjusted for covariates in Model 2.

We conducted sensitivity analyses where we (1) included
hearing aid users in the analytic sample, (2) included depres-
sive symptoms (binary variable, self-reported feeling “down,
depressed, or hopeless” several days/week or more often) in
Model 2, (3) compared hearing aid users and nonusers among
participants with moderate or greater hearing loss only,
because they are more likely to use and benefit from hearing
aids, and (4) explored how physical function relates to the
studied associations by first running our models only among
participants with adequate physical function (SBBP >8) and
second by including an interaction term between hearing
and physical function (binary variable of poor vs adequate).
Analyses for this study were conducted using Stata version
17 x 0 (StataCorp LLC, College Station, TX).

Results

Of 504 participants (Table 1), 166 (33%) had no hearing loss,
243 (48%) had mild hearing loss, and 95 (19%) had moderate
or greater hearing loss. Participants without hearing loss were
younger on average and more likely to be White and have higher
educational attainment. Those with hearing loss were more likely
to have hypertension and diabetes. In unadjusted comparisons,
participants with hearing loss had lower activity counts through-
out the day compared to those with no hearing loss (Figure 1).
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Accelerometry-Derived Physical Activity Measures
by Hearing Status

We found that worse hearing was associated with fewer activ-
ity counts and daily active minutes, and greater activity frag-
mentation (Table 2). Specifically, in Model 2, each 10 dB HL
increase in BPTA was associated with -69.58 K fewer TAC
per day (95% confidence interval [CI] -127.36 K, -11.81 K),
16.01 fewer active minutes per day (95% CI -28.08,
-3.95), and 1.25% greater activity fragmentation (95% CI
0.22, 2.28). Across categories of hearing loss, participants
with moderate or greater hearing loss had fewer TAC (f =
-198.00 K; 95% CI -390.66, -5.35) and daily active min-
utes (p = -45.73; 95% CI -86.46,-5.01), and greater activity
fragmentation (f = 3.54; 95% CI 0.35, 6.74) compared to
participants with no hearing loss in Model 2.

Self-Reported Physical Activity Measures by
Hearing Status

In model 1, moderate or greater hearing loss was associated
with greater odds of not engaging in vigorous activities (OR =
2.16;95% CI1.25, 3.71) or going walking for exercise (OR =
1.96;95% CI 1.11, 3.46) in the last month compared to those
with no hearing loss (Table 3). In Model 2, after adjusting for
health covariates, only the association with greater odds of
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Figure 1. Differences in minute-level activity patterns across hearing loss
groups among participants from the National Health and Aging Trends
Study, 2021 (N = 504).**Unadjusted median activity counts per minute
over 24 hours across hearing loss groups.

not engaging in vigorous activities over the last month was
statistically supported (OR = 1.92; 95% CI 1.11, 3.32).

Hearing Aid Use and Physical Activity Measures
Among Individuals With Hearing Loss

Among participants with hearing loss (Table 4, 7 = 472), non-
users had more fragmented activity compared to hearing aid
users (Model 2, f = 2.49; 95% CI 0.42, 4.56). In addition,
although not statistically supported, estimates from Model
2 were in the direction of lower TAC (f = -86.20; 95% CI
-196.10, 23.76) and daily active minutes (f = -18.06; 95%
CI -42.88, 6.75) among nonusers. Additionally, nonusers had
greater odds of not reporting walking for exercise in the last
month compared to hearing aid users (Model 2, OR = 1.85;
95% CI 1.08, 3.16), whereas findings for greater odds of not
reporting vigorous activities were not statistically supported
(Model 2, OR = 1.64; 95% CI 0.93,2.89).

In sex-stratified analyses (Supplementary Table 1 and
Supplementary Figure 1), findings for accelerometry mea-
sures were in the direction of fewer activity counts and active
minutes, and more activity fragmentation with worse hear-
ing among men and women. The associations between hear-
ing loss and measured lower physical activity levels seemed
stronger for men than women, but the interaction terms
between the hearing measure and sex were not significant
(Supplementary Table 1, p values for the interaction between
sex and BPTA >0.05 for all). In terms of self-reported mea-
sures (Supplementary Table 2), we found that among men,
moderate or greater hearing loss was associated with greater
odds of not reporting engaging in vigorous activities over the
last month compared to men without hearing loss (OR = 3.12;
95% CI 1.22, 8.00, Model 2, for moderate or greater hearing
loss), whereas for women, the differences between those with
and without hearing loss were smaller and not statistically
significant. However, similarly, the interaction terms between
hearing and sex were not significant (Supplementary Table 2,
p values for the interaction between sex and BPTA >0.05).

Sensitivity Analyses

First, we included hearing aid users in our primary analytic
sample, resulting in 640 participants. Their characteristics
are shown in (Supplementary Table 3). In this sample, 43%

Table 2. Association of Hearing Loss With Accelerometry-Derived Activity Measures Among Participants From the National Health and Aging Trends

Study, 2021 (N = 504).

TAC (per 1 000 counts) Daily Active Minutes ASTP (in %)
B Coefficients (95 % confidence intervals)
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2
BPTA, per 10 dB HL —97.14 (-155.23,  -69.58 (-127.36,  -21.24 (-33.34,  -16.01 (-28.08,  1.55 (0.48,2.61)  1.25 (0.22,2.28)
-39.05) -11.81) -9.14) -3.95)
No hearing loss (BPTA <25 dB HL), Reference Reference Reference Reference Reference Reference
n=166
Mild hearing loss (BPTA 225-<40  —132.81 (=280.46, —-94.71 (<236.48,  -24.98 (=55.50,  —17.99 (<47.56,  1.19 (<1.00,3.38)  0.84 (~1.34, 3.03)
dB HL), # = 243 14.84) 47.05) 5.54) 11.57)
Moderate or greater hearing loss -278.69 (-475.02, -198.00 (-390.66, -61.00 (-101.99, -45.73 (-86.46, 4.39 (1.13, 7.65) 3.54 (0.35, 6.74)
(BPTA >40 dB HL), 7 = 95 -82.36) -5.35) -20.01) ~5.01)

Notes: ASTP = active-to-sedentary transition probability (ie, activity fragmentation); BPTA = better-hearing ear’s pure-tone average; dB HL = decibels
hearing level; TAC = total activity counts. Bold represents statistically significant findings.

Model 1: adjusted for age, sex, race/ethnicity, and education.

Model 2: adjusted for covariates in model 1 and BMI, diabetes, and hypertension.
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Table 3. Association of Hearing Loss With Self-Reported Physical Activity Measures Among Participants From the National Health and Aging Trends

Study, 2021 (N = 504)

Did Not Engage in Vigorous Activities in the Last

Month

Did Not Walk for Exercise in the Last Month

Odds Ratios (95% Confidence Intervals)

Model 1 Model 2 Model 1 Model 2
BPTA, per 10 DB HL 1.17 (0.98,1.39) 1.12 (0.93,1.33) 1.22 (1.03, 1.44) 1.13 (0.94, 1.35)
No hearing loss (BPTA <25 dB HL), 7 = 166 Reference Reference Reference Reference
Mild hearing loss (BPTA 225 to <40 dB HL), n =243 1.07 (0.73, 1.56) 1.01 (0.68, 1.50) 1.11 (0.72, 1.70) 1.00 (0.62, 1.61)
Moderate or greater hearing loss (BPTA 240 dB HL), 7 = 95 2.16 (1.25,3.71) 1.92 (1.11, 3.32) 1.96 (1.11, 3.46) 1.60 (0.89, 2.89)

Notes: BPTA = Better-Hearing Ear’s Pure-Tone Average; dB HL = decibels hearing level. Bold represents statistically significant findings.

Model 1: adjusted for age, sex, race/ethnicity, and education.

Model 2: adjusted for covariates in model 1 and bmi, diabetes, and hypertension.

Table 4. Association of Hearing Aid Use With Accelerometry-Derived and Self-Reported Physical Activity Measures Among Participants From the

National Health and Aging Trends Study With Hearing Loss, 2021 (N = 472)

Accelerometry-Derived Measures
B-Coefficients (95% confidence intervals)

Hearing Aid Users (n = 134)

Nonusers (7 = 338)

Model 1 Model 2

TAC, 1 000 counts Reference
Daily active minutes Reference
ASTP, % Reference

~105.60 (-225.20, 13.91)
222.30 (=49.01, 4.41)
2.76 (0.51, 5.00)

~86.20 (-196.10, 23.76)
~18.06 (-42.88, 6.75)
2.49 (0.42, 4.56)

Self-reported measures
Odds ratios (95% confidence intervals)

Did not engage in vigorous activities in the last month ~ Reference

Did not walk for exercise in the last month Reference

1.71 (0.97, 3.04)
1.99 (1.16, 3.41)

1.64 (0.93,2.89)
1.85 (1.08, 3.16)

Notes: ASTP = active-to-sedentary transition probability (ie, activity fragmentation); BPTA = Better-Hearing Ear’s Pure-Tone Average; TAC = total activity

counts. Bold represents statistically significant findings.
Model 1: adjusted for age, sex, race/ethnicity, education, income, and BPTA.

Model 2: adjusted for covariates in Model 1 and BMI, diabetes, and hypertension.

had mild hearing loss (of those, 12% wore hearing aids),
and 31% (of those, 51% wore hearing aids) had moderate
or greater. The estimated associations of our primary analy-
ses were attenuated after including hearing aid users in the
exposed categories (Supplementary Tables 4 and 5). Second,
further adjusting for depressive symptoms in Model 2 did
not change our findings (Supplementary Tables 6-8). Third,
among 195 participants with moderate or greater hearing
loss (Supplementary Table 9), hearing aid nonusers had fewer
activity counts (f = -190.24; 95% CI -352.40, -28.08),
active minutes (f = -47.79; 95% CI -84.11, -11.47), and
more fragmented activity (§ = 4.97; 95% CI 1.80, 11.47)
compared to users in Model 2. In addition, nonusers had
greater odds of not walking for exercise in the last month
than users (OR = 2.54; 95% CI 1.19, 5.43). Lastly, in analy-
ses restricted to participants with adequate lower extremity
function (N = 417 with data on SPPB and score >8), the mag-
nitude of the associations between hearing loss and all phys-
ical activity measures was attenuated but in the direction
of lower and more fragmented activity. When we included
a hearing (categorical) and physical function (binary) inter-
action term in our models (N = 468 with data on SPPB),
our only statistically significant finding was a stronger asso-
ciation between moderate or greater hearing loss and more
fragmented activity (p = .025) among participants with lower

physical function. Models in which we tested for interaction
using physical function as a continuous variable were not
statistically significant.

Discussion

We found that among adults aged 70 and older, worse hearing
was associated with lower and more fragmented activity mea-
sured by wrist accelerometry, as well as greater odds of not
engaging in vigorous activities in the last month. For example,
those with moderate or greater HL had 3.5% higher activity
fragmentation compared to participants without hearing loss,
which is comparable to an age difference of roughly 9 years
(based on the age coefficient from the same model for ASTP
[B coefficient per 1 year difference in age = 0.4%]). Among
older adults with hearing loss, nonusers had more fragmented
activity and greater odds of not walking for exercise in the
last month compared to hearing aid users, although this
was not reflected in their accelerometry-derived measures of
activity counts and minutes. These findings contribute to our
understanding of how older adults with hearing loss engage
in physical activity.

Our findings are consistent with the literature on the associ-
ation of hearing loss and lower levels of physical activity and
expand our understanding by including an older population
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than previous studies, and by examining differences in hear-
ing aid use among older adults with hearing loss. Studies
using different accelerometry-derived measures to quantify
physical activity, such as weekly minutes of moderate-to-
vigorous physical activity, log-transformed TAC, and Monitor-
Independent Movement Summary units, reached similar
conclusions (12,18,19). Furthermore, the differences in diur-
nal patterns of activity across hearing groups, whereby lower
counts throughout the day were observed with worse hear-
ing, were consistent with findings from the National Health
and Nutrition Examination Survey (18). Additionally, we also
found that worse hearing is associated with more fragmented
physical activity, consistent with Kuo et al. (18). Specifically,
they found the age equivalent of the association of hearing
loss with ASTP to be 10.95 years (95% CI -1.24, 23.15),
similar in magnitude to our estimate of 9 years. Higher activ-
ity fragmentation is a novel metric that represents decreased
endurance and is associated with disability, frailty, and mor-
tality (26).

In terms of self-reported measures of physical activity,
Gispen et al. found that those with moderate or greater
hearing loss reported less physical activity than participants
with no hearing loss (17). In contrast, our results were only
significant regarding the report of vigorous activities. These
discrepancies may be due to differences in the instruments
used to assess self-reported physical activity. Our assessment
was limited to two questions about the last month’s partici-
pation in vigorous activity and walking for exercise, whereas
Gispen et al. used a more detailed questionnaire, including
information about the frequency, intensity, and duration of
activities, increasing their sensitivity to detect differences in
self-reported physical activity.

Several mechanisms have been proposed to explain the rela-
tionship between hearing loss and physical activity. Persons
with hearing loss may experience social isolation (14,27) and
are at greater risk for depression (28), which may affect their
activity levels. Hearing loss also increases cognitive load (29)
and can make it more difficult for individuals to focus on
other tasks simultaneously, such as being attentive while mov-
ing or being aware of their surroundings. Older adults with
hearing loss are also at greater risk for falls (11), and avoiding
physical activity may be a preventative coping mechanism.
Although the conceptual framework behind our hypothesis
is that hearing loss is associated with lower physical activity
levels and downstream poorer physical function, we explored
the role of physical function in sensitivity analyses. Although
findings were not statistically significant, they remained in the
direction of lower and more fragmented activity.

A novel finding in this study is that compared to hearing
aid users, nonusers had more fragmented physical activity
measured via wrist accelerometry. Furthermore, although
effect estimates suggested lower counts and minutes of activ-
ity among nonusers compared to hearing aid users in the
sample including all participants with hearing loss, findings
were not statistically significant, consistent with the study by
Gispen et al. (17). This may be partly due to a small sam-
ple size of hearing aid users and a lack of information on
individual patterns of use. However, we did find significant
associations when we restricted to those with moderate or
greater hearing loss in sensitivity analyses. Older adults with
moderate or greater hearing loss are more likely to use and
benefit from hearing aids compared to those with milder
hearing loss, and our findings suggest that it is possible that

hearing aid use is beneficial in increasing physical activity.
However, we remain cautious with our inferences given the
small sample size in this analysis. Interestingly, a study from
the Baltimore Longitudinal Study of Aging found that hearing
aid users had better walking endurance on a 400-m walk test
(30). We also found that participants who did not use hearing
aids had greater odds of not walking for exercise in the last
month compared to those who did. These findings may indi-
cate that hearing aid users may be more likely to engage in
deliberate activity, or are more conscious about their health
and activity, but future research with randomized controlled
trials is needed to understand how their overall physical activ-
ity changes.

Our findings do not support that there are sex differences
in the association between hearing loss and physical activ-
ity. While findings were consistently stronger, and more often
statistically supported in men than women, the interaction
terms between hearing and sex were not significant. The sex
differences we described may be explained by different sta-
tistical power rather than moderation by sex. Still, previous
studies indicate that, in general, men are more physically
active mainly through vigorous activities but spend more
time sedentary than women who tend to engage in light-
intensity activity more consistently throughout the day
(31,32). In that context, it is possible that men with hear-
ing loss may stop performing vigorous activities, and conse-
quently, their overall physical activity levels are more affected
than women. Although research on this association is sparse,
Gispen et al. (17) found no significant sex differences in
both accelerometer-measured and self-reported activities.
Future studies with larger samples may be better suited to
identify whether sex differences in the association between
hearing and physical activity exist.

There are some limitations in our study. First, the cross-
sectional nature of the analysis prevents us from establish-
ing temporality in the associations we investigated. However,
previous research on physical activity as a risk factor for
hearing loss suggests that this relationship is modest, mak-
ing it unlikely that our findings can be explained by reverse
causation (ie, low physical activity leading to hearing loss)
(33,34). Second, our binary hearing aid use measure misses
patterns and time using aids, and unmeasured factors such as
comprehensive socioeconomic status, health literacy, hearing
care access, and acceptability prevent us from making infer-
ences about the role of hearing aids in improving physical
activity among older adults with hearing loss. Third, the rel-
atively small sample size limits our statistical power to have
more precise comparisons in subgroup analyses. Fourth,
the accelerometry data from NHATS does not differentiate
inactivity from sleep, limiting our ability to fully character-
ize the 24-hour physical behavior. Lastly, we did not catego-
rize active minutes into different activity intensities (eg, light,
moderate, and vigorous). Although this would improve the
characterization of physical activity patterns, activity counts-
per-minute thresholds to classify intensities using wrist-worn
accelerometers have not been validated among older adults
(23). Thus, we opted for only differentiating between inactive
and active minutes.

One strength of this study is the reporting of population-
level physical activity data among older adults, a group
that often has been overlooked in physical activity research.
Epidemiological data are vital for developing and advocat-
ing for resources to increase physical activity in populations
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with hearing loss (35). Another strength is the use of both
accelerometry-derived and self-report measures to capture
different aspects of physical activity (36-38). For instance,
accelerometry provides data on activity counts and patterns
over the day as a function of hearing loss. Specifically, wrist
accelerometry has been widely used in epidemiological stud-
ies due to its low burden and better compliance among partic-
ipants. Although there are some inherent limitations, such as
detecting posture or type of physical activity, evidence shows
that it is a valid and reliable tool to quantify activity (23). On
the other hand, self-reported measures provide insight into
the variations in types of physical activities related to hearing
loss. Together, these data contribute to a better understand-
ing of physical activity behavior in this population of older
adults which can help guide the development of targeted
physical activity behavior-change interventions (39).

Conclusion

In a representative sample of older adults in the United States,
hearing loss was associated with lower activity counts, fewer
active minutes, and more fragmented activity. Being active is fun-
damental for healthy aging, and providers should consider hear-
ing loss as a potential barrier to physical activity when caring for
older adults. Future research to better understand how hearing
loss affects physical activity among older adults and whether
hearing interventions play a protective role is warranted.
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