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OBJECTIVES—Identifying modifiable risk factors for decreased physical activity in older adults

is important given the impact of physical activity on health. Whether hearing impairment, highly

prevalent in older adults, is associated with activity levels is unclear.

DESIGN—Cross-sectional analysis

SETTING—2005–2006 National Health and Nutritional Examination Survey

PARTICIPANTS—706 adults aged 70 years or greater who completed audiometric testing and

whose physical activity was assessed subjectively with questionnaires and objectively with body-

worn accelerometers

MEASUREMENTS—Hearing impairment was defined by the speech-frequency (0.5 – 4

kilohertz (kHz) pure tone average in the better-hearing ear (normal <25 decibel (dB), mild 25 to

<40dB, moderate or greater ≥40dB). Main outcome measures were self-reported leisure time

physical activity and accelerometer-measured physical activity. Both were quantified using

minutes of moderate-intensity physical activity and categorized into three levels: inactive,

insufficiently active, and sufficiently active. Ordinal logistic regression analyses were conducted

and adjusted for demographic and cardiovascular risk factors.

RESULTS—Compared to those with normal hearing, individuals with moderate or greater

hearing impairment had a greater odds of being in a lower category of physical activity as

measured by self-report (OR=1.59, 95%CI: 1.11, 2.28) and accelerometry (OR=1.70, 95%CI:

0.99, 2.91). Mild hearing impairment was not associated with level of physical activity.

CONCLUSION—Moderate or greater hearing impairment in older adults is associated with

decreased levels of physical activity independent of demographic and cardiovascular risk factors.

Future research is needed to investigate the basis of this association and whether hearing

rehabilitative interventions could affect physical activity in older adults.
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INTRODUCTION

The prevalence of hearing impairment doubles with every age decade such that nearly two-

thirds of United States adults 70 years and older have a clinically-significant hearing

impairment1. Recent studies have demonstrated that hearing impairment is independently

associated with poorer physical functioning2–4 and slower gait speed5. These associations

may be mediated through the effects of hearing loss on cognitive load,6, 7 social isolation8, 9,

and/or reduced awareness of the auditory environment. Alternatively, concomitant

dysfunction of the cochlear and vestibular sense organs or a common pathologic cause (e.g.,

microvascular disease) could also underlie these observed associations.

The potential contribution of impaired hearing to slower gait speed and poorer physical

functioning suggests that physical activity levels may also be reduced in those individuals

with hearing loss10. With the aging of the population, investigating factors associated with

physical activity levels in older adults is important given the importance of physical activity
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to health and functional outcomes in older adults11, 12. Importantly, mechanistic pathways

that could potentially underlie an association between hearing and poorer physical activity

(e.g., cognitive load, poorer social engagement, reduced awareness of the auditory

environment) may be amenable to hearing rehabilitative treatments which remain grossly

underutilized.

In this study, we investigated whether hearing impairment was associated with level of

physical activity in a nationally representative sample of older adults. Hearing was

objectively measured with audiometry, and physical activity levels were measured with self-

report and accelerometer data. Amounts of physical activity were quantified using minutes

of moderate-intensity physical activity and categorized based on the U.S. Department of

Health and Human Services’ Physical Activity Guidelines for Americans13.

METHODS

Study Participants

The study included adults aged 70 and older in the 2005–2006 National Health and Nutrition

Examination Survey (NHANES) who underwent audiometric assessment of hearing and had

valid questionnaire and/or accelerometry data regarding their physical activity levels. The

NHANES is an ongoing series of studies conducted by the National Center for Health

Statistics to assess the health, functional, and nutritional status of representative cross-

sectional samples of the civilian, non-institutionalized U.S. population14. Each 2-year cross-

sectional study cycle uses a complex sampling design to survey a sample of the population,

with selective oversampling of low-income individuals, racial minorities, and older adults.

Sampling weights included in the dataset allow for analyses that account for the complex

survey design and yield results that are generalizable to the U.S. population. We analyzed

data from the 2005–2006 survey cycle, the only cycle that has included measurements of

both audiometry and accelerometry in adults aged 70 and older.

Audiometry

Pure tone audiometry was performed by a trained examiner according to established

NHANES protocols15. Air conduction hearing thresholds for each ear were obtained in a

sound-isolating room in a mobile examination center. Testing was conducted according to a

modified Hughson-Westlake procedure using the automated testing mode of the audiometer

(Interacoustics Model AD226) and/or manually, as per testing protocol. Quality assurance

and control were established through daily calibration of equipment and monitoring of

ambient noise levels. All thresholds were measured in decibels of hearing loss (dB HL), and

as an additional quality measure, thresholds were measured twice at 1 kilohertz (kHz) in

both ears and audiometry repeated if a difference of more than 10 dB existed between

measurements. Hearing was defined by a speech-frequency pure tone average (PTA) of

thresholds at 0.5, 1, 2, and 4 kHz in the better hearing ear, as per the definition of hearing

used by the World Health Organization16. Thresholds of hearing impairment severity

defined by PTA were based on American Speech-Language Hearing Association

guidelines17: normal hearing <25 dB, mild impairment ≥25 dB and <40 dB, moderate or

greater impairment ≥40 dB.
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Leisure-time Physical Activity

General information regarding participants’ physical activity during the past thirty days was

obtained by study personnel during the household interview portion of data collection

through retrospective questions. If participants recalled that they had performed vigorous or

moderate leisure-time activities in bouts of at least ten minutes during the past 30 days, they

were further questioned on the level of exertion, frequency, and duration of each activity.

Activities for which the reported duration was less than ten minutes were excluded.

Based on reports that health benefits from physical activity may be dependent on total

energy expenditure rather than specific type of activity18, we used minutes of self-reported

moderate and vigorous activity as an overall measure of physical activity,. Both the US

Department of Health and Human Services13 and NHANES19 recommend that one minute

of vigorous activity be counted as two minutes of moderate activity, so we converted each

minute of vigorous activity to two minutes of moderate-intensity activity and summed

across activities to derive our final variable: self-reported leisure-time physical activity,

measured in minutes of moderate-intensity physical activity (MPA).

This variable was categorized into three levels based on the 2008 Physical Activity

Guidelines for Americans13: inactive (0 minutes of MPA per week), insufficiently active

(<150 minutes of MPA per week), and sufficiently active (≥ 150 minutes of MPA per week).

Accelerometer-measured Physical Activity

Physical activity was measured by Actigraph AM-7164 accelerometers programmed to

record acceleration magnitude (intensity) data in 1-minute intervals. Participants were asked

to wear the accelerometers for seven days following their examinations and to take them off

only for sleep and water-based activities. Participants who used wheelchairs or had other

limitations that prevented them from walking or wearing the device were not given

accelerometers (n=112). After seven days, participants returned the accelerometers to

NHANES study personnel, who determined whether the device was still correctly calibrated

and downloaded the data. Other specific details of the accelerometer protocol have been

described elsewhere20.

Participants with fewer than four days of reliable accelerometer wear were excluded from

analysis (n=72). Mean minutes of moderate and vigorous activity completed daily by

participants were calculated using previously established thresholds of ≥2020 intensity

counts per minute for moderate activity and ≥5999 per minute for vigorous activity, as per

previous research18, 21, 22. SAS code developed and provided by the National Cancer

Institute (http://riskfactor.cancer.gov/tools/nhanes_pam/) was modified and used for the

analysis described above.

Accelerometer-measured physical activity was then quantified similarly to self-report data to

derive a variable indicating accelerometer-measured physical activity per week. Weekly

minutes of moderate-intensity physical activity (MPA) per participant were calculated by

converting daily to weekly minutes and each minute of vigorous-intensity activity to two

minutes of moderate-intensity activity. Similar to self-reported physical activity,

accelerometer-measured physical activity was categorized into three levels based on the
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2008 Physical Activity Guidelines for Americans13: inactive (0 minutes of MPA per week),

insufficiently active (<150 minutes of MPA per week), and sufficiently active (≥ 150

minutes of MPA per week).

Other Study Variables

Other variables that could confound the association between hearing impairment and

physical activity were included in analysis. Demographic and health data of participants

were obtained from interviews and physical examination. For confidentiality purposes,

NHANES truncates the age variable at 85 years, so all participants older than 85 are

reported as “≥85”. To account for this in our primary analysis, we defined age as a

categorical variable with the following categories: 70–74, 75–79, 80–84, ≥85 years. We also

performed a sensitivity analysis restricting our cohort to those 70–84 years to allow for the

adjustment of age as a continuous covariate. Self-reported gender was included as a binary

variable, and self-reported race/ethnicity data were grouped as: Mexican American, other

Hispanic, non-Hispanic white, non-Hispanic black, or other. Education was defined as: <9th

grade, 9–11th grade, high school graduate/passed General Educational Development test

(GED), some college/associate degree, or college graduate, and household income was

collapsed into a five-level variable: <$20k, ≥$20k and <$50k, ≥$50k and <$75k, ≥$75k, or

refused/don’t know. In order to reduce the possibility of shared pathologic factors

confounding the relationship between hearing loss and physical activity, we included

variables known to be associated with both hearing impairment and physical functioning

such as hypertension, cardiovascular disease, stroke, smoking status (current/former/never),

and body mass index (BMI). Hypertension was defined as having been diagnosed by a

physician on at least two visits or taking antihypertensive medication. Cardiovascular

disease was defined as any self-reported history of coronary artery disease, congestive heart

failure, angina, or myocardial infarction. BMI as measured by trained health technicians was

collapsed into a four-level variable: underweight (<18.5kg/m2), normal weight (≥18.5 and

<25), overweight (≥25 and <30), and obese (≥30).

Statistical Methodology

We accounted for the complex sampling design in all analyses by using sample weights

according to the National Center for Health Statistics guidelines23. Table 2 is unweighted, as

its purpose is to give a description of the study cohort rather than nationally generalizable

estimates. Baseline characteristics of study participants with self-reported physical activity

data versus those with accelerometry data were compared using Pearson’s chi-squared test.

We then used multivariate ordinal logistic regression to examine the relationship between

level of hearing impairment and level of self-reported physical activity, and between level of

hearing impairment and level of accelerometer-measured physical activity. Ordinal logistic

regression assumes that the coefficients describing the relationship between the lowest and

all higher categories of the outcome variable are the same as those describing the

relationship between the next lowest category and all higher categories. This assumption is

called the proportional odds assumption, or parallel regression assumption, and it was met in

both models. We adjusted for demographic factors, cardiovascular factors, and body mass

index in all analyses by including them as covariates.
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Sensitivity analyses included treating hearing as a continuous variable, restricting the cohort

to individuals <85 to allow for the adjustment of age as a continuous covariate, and

including hearing aid use as a covariate. To assess effect modification by gender, age and

hearing aid use, we also conducted analyses with hearing loss-gender, hearing loss-age, and

hearing loss-hearing aid use interaction terms. In all models, individuals with missing data

accounted for <10% of the study population. All significance tests were conducted using

two-sided tests with a type I error of 0.05.

Summary measures of accelerometer-measured physical activity were generated in SAS 9.4

(SAS Institute, Cary, NC) and subsequently analyzed using STATA 13 (Stata Corp, College

Station, Texas). All other analyses were performed using STATA 13.

RESULTS

A total of 706 participants aged 70 and older were included in our analysis. 217 (31.1%) of

these participants had normal hearing (Table 2). Of those with hearing loss (n=489), 257

(52.6%) had mild HL and 232 (47.4%) had moderate or worse HL. Participants with hearing

loss were more likely to be male, older, white, non-hypertensive and less educated (Table 2).

There were no differences in income, cardiovascular disease, smoking status, stroke, or BMI

among the groups. Accelerometry data were available on a subset of these individuals

(n=522) after excluding 112 individuals who used wheelchairs or were unable to wear an

accelerometer and 72 individuals who did not have 4 days of reliable accelerometer wear.

There were no significant differences in hearing ability or in covariates between the

subgroup of individuals with accelerometry data and the larger group (data not shown).

Activity levels measured by self-report and accelerometry were substantially different with

self-report levels consistently higher than levels measured by accelerometry (Table 2).

We investigated whether hearing was associated with lower levels of self-reported and

accelerometer-measured physical activity (categorized as inactive, insufficiently active, or

sufficiently active). In stepwise ordinal logistic regression models adjusted for demographic

factors, cardiovascular risk factors, and BMI, we observed that individuals with moderate or

greater hearing impairment had a greater odds of less self-reported physical activity

compared to individuals with normal hearing (OR = 1.59 per lower category of physical

activity, 95% CI: 1.11, 2.28). There were no significant differences in activity levels

between individuals with mild hearing impairment and those with normal hearing (Table 3).

Similar results were observed for accelerometer-measured activity. Compared to normal

hearing individuals, individuals with a moderate or greater hearing impairment had a greater

odds of less accelerometer-measured activity (OR=1.70 per lower category of physical

activity, 95% CI: 0.99, 2.91).

We conducted sensitivity analyses to investigate the robustness of these results. In analyses

treating hearing as a continuous variable and adjusted for demographic factors,

cardiovascular factors, and BMI, we observed that a 25dB shift in hearing (equivalent to

going from normal hearing to a mild hearing impairment) was associated with a greater odds

of having less self-reported physical activity (OR=1.55 of next lower physical activity

category per 25 dB, 95% CI: 1.23, 1.98) and accelerometer-measured activity (OR=1.45 of
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next lower physical activity category per 25 dB, 95% CI: 0.95, 2.22). Restricting our

analytic cohort to those individuals <85 years (to allow for adjustment of age as a

continuous covariate) also did not substantively change our results compared to Table 3

(data not shown).

Finally, we also investigated whether factors such as gender, age, or self-reported hearing

aid use moderated the association between hearing and physical activity. HL-gender and

HL-age interaction terms were not statistically significant, indicating that neither gender nor

age significantly moderated the relationships between HL and self-reported or

accelerometer-measured physical activity (data not shown). Including self-reported hearing

aid use as a covariate in our fully adjusted models also did not substantively change our

results. Including an HL-hearing aid use interaction term in our fully adjusted model also did

not significantly moderate the relationship between HL and physical activity: among those

with moderate or worse hearing loss, self-reported use of hearing aids was not significantly

associated with a lower odds of less self-reported (OR=1.14, 95% CI: 0.66, 1.97) or

accelerometer-measured (OR=0.74, 95% CI: 0.28, 1.97) physical activity.

DISCUSSION

Our results demonstrate that moderate or greater hearing impairment in older adults is

independently associated with reduced physical activity as measured both subjectively by

self-report and objectively with accelerometry. Compared to those with normal hearing,

individuals with moderate or greater hearing impairment had a 59% increased odds of

having lower levels of self-reported physical activity and a 70% increased odds of having

lower levels of accelerometer-measured physical activity. These observed results were

robust to analyses treating hearing as both a continuous and categorical variable and after

adjustment for multiple potential confounders. Importantly, the categories of physical

activity used in these analyses are clinically meaningful. They are derived from the 2008

Physical Activity Guidelines for Americans13 and are based on evidence that older adults

will accrue health benefits from physical activity with energy expenditures of ≥150 minutes

of MPA per week (sufficient category), some health benefits with expenditures of <150

minutes of MPA per week (insufficient category), and no health benefits when sedentary

(inactive category)24.

Our results contribute to the current literature. Previous studies have demonstrated

associations between hearing and poorer physical functioning2–4, decreased

cardiorespiratory fitness25, increased sedentary behavior10, and decreased gait speed5 in

older adults. Recently published work also demonstrates an association between hearing and

less physical activity in younger adults26. In contrast, other reports have indicated that there

is no significant association between hearing and physical functioning and activity27, 28.

Heterogeneity in study results may be explained by subjective measurement26, 28 or varying

definitions27 of hearing. Strengths of our current study include results generalizable to the

national population, standardized audiometric testing protocol by a definition of hearing

adjudicated by the World Health Organization16, and both subjective and objective

measurements of physical activity.
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An important finding in our study is that our results were consistent with both subjective and

objectively measured physical activity. Participants tend to routinely overestimate the time

they spend physically active compared to objective measurements18 (perhaps due to

participants’ inaccuracy in retrospectively recalling bouts of activity and/or the perceived

social desirability of exercise18), and this observation was consistent in our cohort where the

levels of physical activity differed markedly according to the method of measurement (Table

2). Accelerometer-defined physical activity has generally been more strongly related to self-

reported indicators of health29 and measured cardiovascular risk factors30 than self-report

data, but objectively-measured accelerometry data are limited in not reflecting activities

such as swimming, biking, upper body movement, or load carrying21. Though self-report

measurements have previously resulted in underestimation of the strength of relationships

between physical activity and risk factors as compared to accelerometer-based data31, they

remain strongly associated with many health outcomes29, 30, 32. Importantly, both self-report

and accelerometry data should be used when possible29, 30, 32.

Several mechanisms could explain the observed association between hearing and physical

activity. Individuals with moderate or greater hearing impairment may perform less physical

activity due to a greater likelihood of social isolation9 (and thus a lesser likelihood of

exercise in a social setting) than normal hearing individuals. Studies have also demonstrated

that impaired hearing can contribute to cognitive load7 and therefore affect attentional and

cognitive resources33, 34 that are important for maintaining posture and balance35, 36.

Finally, impaired hearing could restrict an individual’s ability to effectively monitor the

auditory environment (e.g. hearing footfalls and other auditory cues that provide orientation

to the physical environment) and thereby affect an individual’s likelihood of performing

physical activities.

Alternatively, common pathologic processes may underlie impairments in both hearing and

physical activity. For example, microvascular disease could plausibly contribute to both

hearing loss37 and poorer health and physical activity. However, our results were robust to

adjustment for multiple factors associated with cardiovascular disease (e.g., congestive heart

failure, coronary artery disease, angina, myocardial infarction, hypertension, smoking status,

BMI). Alternatively, common neural degeneration affecting both the cochlear and vestibular

sense organs (which are important for balance) could also potentially explain the

relationship between hearing loss and physical activity.

In the current study, self-reported hearing aid use was not associated with physical activity

level. However, data on other key variables (hours hearing aid use per day, years used, etc)

that may affect rehabilitative success were not available. Whether hearing rehabilitation

could potentially affect levels of physical activity will therefore require further investigation.

A key limitation of our present study is that we cannot determine the mechanistic basis of

the relationship between physical activity and hearing loss. Any current hypothesis is

speculative and will require further investigation. Importantly, though, we note that these

pathways (social isolation, poorer cognitive function, common pathology) are not mutually

exclusive, and multiple pathways could likely synergistically contribute to poorer physical

activity in individuals with hearing loss. Our study is also based on cross-sectional data,
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which may be subject to bias from inter-individual variability or cohort effects. Prospective

studies will be required to determine whether hearing is associated longitudinally with

reduced physical activity. It is also important to note the small number of participants who

were sufficiently active according to accelerometer data (n=24), which may have affected

estimates of effect size. We assessed this by using two separate strategies to increase the

number of counts per cell: first, we collapsed mild and moderate or worse hearing

impairment into one hearing impairment category, and second, we collapsed insufficient and

sufficient physical activity in one physical activity category. In both iterations, the effect of

hearing impairment on physical activity remained significant and effect size increased

slightly.

In summary, our study strongly suggests that individuals with hearing impairment perform

less physical activity than individuals with normal hearing. If our results are confirmed in

other studies, these findings may be of clinical significance given that hearing impairment is

highly prevalent but undertreated in older adults. Future research investigating the

mechanistic basis of the observed associations and whether hearing rehabilitative therapies

could potentially help mitigate reduced physical activity in those individuals with hearing

impairment is critically important.
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Table 1

Definition of Outcome Variables Used, National Health and Nutrition Examination Survey (NHANES) 2005–

2006

Variable Description Levels (Minutes of MPAa
per week)

Self-reported leisure-time physical activity Self-reported time per week spent on moderate and
vigorous activities, expressed in minutes of moderate-
intensity physical activity

Inactive (0)
Insufficiently Active (>0 and <150)
Sufficiently Active (≥150)

Accelerometer-measured physical activity Accelerometer-measured time per week spent on moderate
and vigorous activities, defined as ≥2020 and ≥5999
intensity counts per minute respectively, expressed in
minutes of moderate-intensity physical activity

Inactive (0)
Insufficiently Active (>0 and <150)
Sufficiently Active (≥150)

a
Minutes of Moderate-Intensity Physical Activity
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Table 2

Demographic Characteristics of Participants aged 70+ Years, National Health and Nutrition Examination

Survey, 2005–2006

Characteristic Normal Hearing
(n=217)
N (%)

Mild Hearing
Impairment
(n=257)
N (%)

Moderate or Greater Impairment
(n=232)
N (%)

p-value

Female 121 (55.8) 129 (50.2) 81 (34.9) <.001

Age

  70–74 112 (51.6) 93 (36.2) 37 (15.9) <.001

  75–79 53 (24.4) 71 (27.6) 48 (20.7)

  80–84 32 (14.7) 69 (26.8) 83 (35.8)

  85+ 20 (18.4) 24 (9.3) 64 (27.6)

Race

  White 138 (63.6) 192 (74.7) 194 (83.6) <.001

  Black 56 (25.8) 34 (13.2) 12 (5.2)

  Mexican American 18 (8.3) 24 (9.3) 21 (9.1)

  Other Hispanic 2 (0.9) 4 (1.6) 1 (0.4)

  Other-Including Multiracial 3 (1.4) 3 (1.2) 4 (1.7)

Education

  Less than High School 35 (16.1) 58 (22.6) 61 (26.3) .023

  Some High School 34 (15.7) 31 (12.1) 42 (18.1)

  High School Graduate 63 (29.0) 87 (33.9) 54 (23.3)

  Some College 45 (20.7) 52 (20.2) 44 (19.0)

  College Graduate 40 (18.4) 29 (11.3) 31 (13.3)

Income

  <$20k 59 (27.2) 86 (33.5) 82 (35.3) .079

  $20k–$44.9k 80 (36.9) 96 (37.4) 90 (38.8)

  $50k–74.9k 39 (18.0) 37 (14.4) 22 (9.5)

  $75k+ 27 (12.4) 23 (8.9) 17 (7.3)

  Don’t Know 12 (5.5) 14 (5.4) 20 (8.6)

Cardiovascular Diseasea 48 (22.1) 67 (26.1) 64 (27.6) .387

Hypertension 140 (64.5) 146 (56.8) 123 (53.0) .046

Smoking Status

  Current 15 (6.9) 22 (8.6) 9 (3.9) .257

  Former 98 (45.2) 115 (44.7) 117 (50.4)

  Never 104 (47.9) 120 (46.7) 106 (45.7)

Stroke 18 (8.3) 27 (10.5) 35 (15.1) .065

Body Mass Index

  Underweight (<18.5) 6 (2.8) 3 (1.2) 3 (1.3) .449

  Normal Weight (18.5–25.4) 66 (30.4) 78 (30.4) 84 (36.2)

  Overweight (25.5–29.9) 73 (33.6) 101 (39.3) 77 (33.2)

  Obese (30+) 63 (29.0) 66 (25.7) 59 (25.4)
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Characteristic Normal Hearing
(n=217)
N (%)

Mild Hearing
Impairment
(n=257)
N (%)

Moderate or Greater Impairment
(n=232)
N (%)

p-value

Level of Physical Activity Self-Report

  Inactive (0 mins MPA/weekb) 107 (49.3) 135 (52.5) 135 (58.2) .246

  Insufficiently Active (<150 mins MPA/week) 45 (20.7) 51 (19.8) 48 (20.7)

  Sufficiently Active (≥150 mins MPA/week) 65 (30.0) 71 (27.6) 49 (21.1)

Level of Physical Activity Accelerometerc(n=522) (n=162) (n=185) (n=175)

  Inactive (0 mins MPA/week) 120 (74.1) 157 (84.9) 147 (84.0) .082

  Insufficiently Active (<150 mins MPA/week) 32 (19.8) 20 (10.8) 22 (12.6)

  Sufficiently Active (≥150 mins MPA/week) 10 (6.2) 8 (4.3) 6 (3.4)

a
Cardiovascular disease includes any history of congestive heart failure, coronary artery disease, angina, myocardial infarction

b
Minutes of moderate-intensity physical activity per week

c
Accelerometry data available for subset of complete cohort
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Table 3

Association between Hearing Impairmenta and Self-Reported or Accelerometer-Measured Physical Activityb,

National Health and Nutrition Examination Survey 2005–2006: Stepwise Ordinal Logistic Regression Model

Odds of Next Lower Categoryb of Physical Activity (PA)

Leisure-Time PA: Self-Reported Accelerometer-Measured PA

Variablec Mild Hearing
Impairment

Moderate or Greater
Hearing Impairment

Mild Hearing
Impairment

Moderate or Greater
Hearing Impairment

Base Model (Hearing only) 1.40 (0.75, 2.64)
p=.264

1.85 (1.17, 2.90)**

p=.011
2.23 (1.00, 4.98)*

p=.050
2.54 (1.56, 4.13)**

p=.001

Base + Demographic and Cardiovascular Risk
Factorsc

1.23 (0.68, 2.22)
p=.475

1.61 (1.14, 2.26)*

p.=.010
2.25 (0.94, 5.40)

p=.066
1.85 (1.01, 3.41)*

p=.046

Base + Demographics and Cardiovascular Risk
Factors + Body Mass Index

1.21 (0.65, 2.26)
p=.520

1.59 (1.11, 2.28)*

p=.015
2.06 (0.90, 4.72)

p=.083
1.70 (0.99, 2.91)

p=.054

*
p<05,

**
p<.01

a
Hearing is defined by the speech-frequency pure tone average (PTA) of hearing thresholds at 0.5, 1, 2, and 4 kHz in the better hearing ear

(Normal PTA < 25dB, Mild impairment 25 – <40dB, Moderate or greater ≥ 40dB)

b
Categories of physical activity are based on the Department for Health and Human Services’ Physical Activity Guidelines for Americans: Inactive

(0 minutes of moderate-intensity physical activity), Insufficiently Active (<150 minutes of moderate-intensity physical activity), Sufficiently
Active (≥150 minutes of moderate-intensity physical activity).

c
Demographic factors include gender, age, race, education, and income. Cardiovascular risk factors include cardiovascular disease (defined as

history of coronary artery disease, congestive heart failure, angina, or myocardial infarction), hypertension, stroke, and smoking status.
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