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Abstract

Background: Falls and their sequelae cost the healthcare system more than $50 billion every
year. Older adults with hearing loss are at 2.4 times greater risk of falls than their normal hearing
peers. Current research is inconclusive about whether hearing aids can offset this increased fall
risk, and no previous studies considered if outcomes differed based on the consistency of hearing
aid use.

Methods: Individuals aged 60+ with bilateral hearing loss completed a survey consisting of the
Fall Risk Questionnaire (FRQ) and questions about hearing loss history, hearing aid use, and other
common fall risk factors. In this cross-sectional study, fall prevalence, as well as fall risk (based

on FRQ score), was compared between hearing-aid users and non-users. A separate group of
consistent hearing-aid users (at least 4 hours daily use for more than 1 year) were also compared to
inconsistent/non-users.

Results: Responses from 299 surveys were analyzed. Bivariate analysis found 50% reduced odds
of experiencing a fall for any hearing aid users compared to non-users (OR=0.50 [95% CI: 0.29-
0.85], p=0.01). After adjusting for age, sex, hearing loss severity, and medication usage, those who
reported any hearing aid use still had lower odds of falls (OR=0.48 [95% CI: 0.26-0.90], p=0.02)
and lower odds of being at risk for falls (OR=0.36 [95% ClI: 0.19-0.66] p<0.001) than non-users.
Results for consistent hearing-aid users demonstrate an even stronger association of lowered odds

Corresponding Author: Laura Campos, AuD, PhD, 9548 Park Meadows Drive, Lone Tree, Colorado, 80124,
Laura.2.campos@cuanschutz.edu.

Author Contributions

All authors have read and approved of the submission of this manuscript. LLC, AVP, MA, CF and TH contributed to the study concept
and design. LLC and MA were responsible for the acquisition of the data. All authors contributed to the analysis and interpretation of
data. LLC drafted the manuscript and all authors contributed to critical revisions of the manuscript for important intellectual content.
LLC and AK were responsible for statistical analysis.

Supplemental Material

Further comparison of inconsistent and consistent hearing aid users. Results of Welch’s t-tests for each of the collected covariates
and results from the same logistic regression modeling presented in the manuscript comparing inconsistent users to consistent users
(reference).

Conflict of interest

All authors report no relevant disclosures.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Campos et al.

Page 2

of falling (OR=0.35 [95% CI: 0.19-0.67], p<0.001) and lower odds of being at risk for falls
(OR=0.32 [95% CI: 0.12-0.59], p<0.001), suggesting a potential dose-response relationship.

Conclusions: These findings suggest that use of hearing aids—especially consistent hearing aid
use—is associated with lower odds of experiencing a fall or being classified as at risk for falls in
older individuals with hearing loss.
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1. Introduction

Approximately 1 in every 4 individuals older than 65 will experience a fall this year [1-3].
Injuries from falls cost $50 billion every year—a greater burden on the healthcare system
than obesity or smoking [1]. As the average life expectancy increases, death rates due to
falls are also increasing [4], up 30% from 2007 to 2016 [3]. If this trend continues, the CDC
estimates approximately 50 million falls will occur annually in adults over 65 by the year
2030 [1]. Established risk factors for falling include: increasing age [1, 4, 5], female sex [1,
5], vision loss [5-7], greater severities of hearing loss [8, 9], previous falls [5, 10], vestibular
dysfunction [11], Parkinson’s Disease [5, 12], cognitive impairment [5, 13], diabetes [14],
and use of certain medications [15].

Like falls, hearing loss is also very common in individuals older than 60, with prevalence
estimates between 33-40% in this population [16]. Data from the National Health and
Nutritional Examination Survey (NHANES) demonstrated that adults aged 40-69 with
hearing loss were at greater risk of falls than their normal-hearing counterparts [8].
Moreover, this study demonstrated a dose-response relationship: the risk of falling increased
1.4-fold for every 10 dB of hearing loss (pure tone average of 500, 1000, 2000, and 4000
Hz). Separately, meta-analysis has also shown that those with hearing loss are 2.4 times as
likely to experience a fall than their normal-hearing peers [9].

These studies provide robust evidence that hearing loss is a risk factor for falls. However,
the physiologic mechanism(s) that underlie this relationship are still not fully understood.
Proposed hypotheses include: 1) concomitant factors that degrade the auditory system also
degrade the vestibular system, 2) the increased communication load caused by hearing loss
reduces the overall executive function capacity needed to maintain balance, and 3) hearing
loss limits access to the auditory cues necessary for accurate spatial orientation, which can
negatively affect postural stability, leading to falls [8, 9].

Since hearing aid use addresses reduction in communication cognitive load and increased
access to auditory spatial cues, some researchers [9, 17] have posited that hearing aid use
might reduce fall risk in individuals with hearing loss. However, studies of this relationship
have provided heterogeneous results. Several have concluded that hearing aid users had
higher odds of falling than non-users [17-20], three did not find the relationship significant
[21-23], and two demonstrated statistically significant /fower odds of falling for hearing aid
users compared to non-users [24, 25].
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A critical weakness of several of these studies is that they may have misclassified hearing
aid use. Most of the previous studies used the question, “Have you ever worn hearing aids?”
to dichotomize hearing aid users from non-users. This simple query did not provide recency
or frequency information about the hearing aid use [20, 22, 23]. In an extreme case, a
person who unsuccessfully trialed hearing aids many years ago might have been described
as a hearing aid user. In some cases, the existing literature also failed to consider covariate
data accounting for fall-risk factors between groups (e.g., severity of the hearing loss,
medication usage, medical comorbidities) [20, 24]. Other limitations of previous studies
include comparing their exposure group (hearing aid users) to those with normal hearing
rather than those with untreated hearing loss [23] or being underpowered because their
evaluation of the relationship between hearing aid use and falls was a subanalysis [21].

The present study was designed to test the hypotheses that hearing aid use was associated
with reduced rates and risk of falls while addressing some of the shortfalls of previous
research. Our study collected information about frequency and duration of hearing aid use,
degree of hearing loss, and potential medical and pharmaceutical covariates directly from the
electronic health record (EHR), thus providing robust covariate data for analysis.

Individuals aged 60 and older who were seen at the outpatient University of Colorado
Hospital Audiology Clinic between September 2020 and September 2021 with documented
bilateral sensorineural hearing loss were surveyed about their hearing aid use and fall risk.
Hearing loss was defined as air and bone conduction thresholds poorer than 30 dB at

any 2 frequencies in the speech range (500-6000 Hz) for the better ear. This criterion

was chosen to ensure participants had enough hearing loss to at least be marginal hearing
aid candidates so that even non-hearing aid users were potential hearing aid candidates.
Potential participants were excluded if they had a knee or hip replacement in the past 12
months, were non-ambulatory (could not walk 20 feet unassisted), were actively taking
meclizine, had a diagnosis of vestibular dysfunction or Parkinson’s, or were legally blind.
The research study was approved by the Colorado Multiple Institutional Review Board
(COMIRB 20-0384).

Those identified as meeting inclusion criteria were invited to complete a study survey

either on paper in the clinic or by email invitation (up to three email invitations sent if no
response) following their appointment. The complete data collection tool was comprised of a
standardized questionnaire along with an additional 12 demographic and health-comorbidity
questions. The Fall Risk Questionnaire (FRQ) is a validated patient reported outcome
measurement tool consisting of 12 “yes” or “no” questions [26]. The primary outcome
measure of fall prevalence was determined by response to the first question of the FRQ,

“I have fallen in the past 6 months” to categorize a participant as having “any fall” or “no
falls.” The other questions on the FRQ ask about potential risk factors for falls, including
lower extremity strength, peripheral neuropathy, urinary urgency, medication usage, and
depression. Collectively, the composite score on the 12-item FRQ was used to classify

an individual’s fall risk. Consistent with development of the tool, a participant with 4 or
more affirmative answers on the FRQ was considered a “fall risk,” and a participant with
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3 or fewer affirmative answers was considered “not a fall risk” [26]. The authors viewed

fall prevalence and fall risk as different outcomes providing distinct perspectives to the
research question because: an individual could be at risk for falls but never experience one;
alternately, an individual could report a fall that occurred for environmental or circumstantial
reasons yet was unrelated to their balance or risk of falls.

Additional questions on the survey asked participants to self-report how many years they
have had hearing loss, if they wear hearing aids, and if they experience positional dizziness.
Those who answered “yes” to “Do you wear a hearing aid?” were considered “any hearing
aid users™ and were asked to self-report how long (in years) and how often (hours/day) they
have used their hearing aids. These responses were then used to dichotomize “consistent
hearing aid users” and “inconsistent/non hearing aid users.” Because our survey asked about
falls that occurred in the past 6 months, any new hearing-aid users (reporting less than one
year of use) were not considered consistent users, given they could have experienced a fall
event and then received their hearing aids after that occurrence. Further, studies have shown
that acclimatization and full benefit from hearing aids does not occur unless an individual
uses their aids for at least 4 hours/day [27]. Therefore, only those who self-reported at least
4 hours of hearing-aid use/day for at least 1 year were considered “consistent users.”

Once a participant completed the survey questionnaire, covariate data was collected from
their EHR. Data included age, sex, race, hearing loss severity, and asymmetry (using pure
tone averages of 500, 1000, and 2000 Hz from the audiogram). Their anticholinergic

risk score (ARS) [28] was also calculated from their medication list. This tool stratifies
medications on a 0-to-3-point scale based on their likelihood of having anticholinergic
properties, the primary central effects being falls, dizziness, and confusion. Finally, it was
also documented if the participant had a CPT code in their EHR indicating diabetes,
cognitive decline, a previous fall (occurring greater than 6 months prior to survey
collection), or stroke.

Data analysis

Logistic regression analysis was used to model the data for both the fall-prevalence and
fall-risk outcome measures for both exposure groups—those with any hearing aid use and
those with consistent hearing aid use. Both an unadjusted model (only the exposure and
outcome entered) and a model adjusted for age, sex, hearing loss severity, and medication
usage were completed. The covariates entered into the adjusted model were chosen a priory,
as substantial evidence [5, 8, 9, 10, 13, 15] has established their propensity to affect the rate
of falls in older adults.

Following the initial regression analysis, a sensitivity analysis was also completed. To
examine if the adjusted-model covariate selection significantly impacted the data analysis
or if a more robust model was available, forward stepwise logistic regression accounting

for all potential covariates was run. Additionally, because Poisson regression with robust
standard errors can provide more precise confidence intervals and/or more interpretable
point estimates than logistic regression (for high-prevalence outcomes), the adjusted models
were rerun under Poisson regression with robust standard errors and evaluated for any
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differences in the results compared to the primary adjusted logistic regression models. All
analyses were run on JASP 0.16.4 (Amsterdam, Netherlands)

A total of 373 survey responses were collected—348 electronically and 25 paper. Of the
total, 74 were excluded due to self-reported exclusion criteria, incompletion, or exclusion
criteria met after EHR review (e.g., taking meclizine, Parkinson’s diagnosis), leaving

299 responses for statistical analysis (Figure 1). Overall participant characteristics are
summarized in Table 1. Briefly, the mean age of respondents was 73.8 years (SD 6.7),
51.2% of respondents were female, 96.1% were white, and the average hearing loss severity
(pure tone average of both ears) was 35.9 dB (SD 15.2). More than 26% of participants
reported a fall in the past 6 months, and 31.3% were classified as being at risk for falls based
on their FRQ responses. The percentage of respondents reporting any hearing-aid use was
68.8% with 60.5% of respondents being consistent hearing-aid users.

Based on the self-reported average daily hours of usage and duration of hearing aid use

in years, a total of 181 participants were considered consistent hearing aid users, 23 were
inconsistent users, and the remaining 95 had no hearing aid use. Independent sample t-tests
showed no significant difference between the inconsistent and non-hearing aid users—the
groups did not significantly vary by age, sex, race, hearing-loss severity, diabetes, stroke,
cognitive decline, or previous falls (see supplemental material). As a result, these groups
were collapsed into one inconsistent/non-user group for our models of “consistent hearing
aid use” as the exposure group. Table 1 reviews multiple respondent characteristics both for
all participants and as separated by hearing aid use. Consistent users significantly varied
from inconsistent/non-users by fall status, fall-risk classification, age, hearing loss severity,
hearing loss duration, dizziness and proportion who had experienced a stroke.

Seventy-nine respondents reported a fall in the past 6 months, while 220 reported no falls

in the same period (Table 2). Those with any fall significantly varied from those with no
falls by any hearing aid use, consistent hearing-aid use, age, ARS score, and previous falls
documented in their EHR. Those who reported a fall were significantly youngerthan those
who had not. Ninety-two participants were classified as being “at risk for falls” based on
their FRQ scores. The remaining 197 participants scored 3 or less on their FRQ, categorizing
them as “not at risk for falls.” Those at risk for falls significantly varied from those not at
risk by any hearing aid use, consistent hearing aid use, ARS score, and proportion who had
diabetes or had experienced a previous fall.

The results of each of the logistic regression models (crude, adjusted, stepwise) for both fall
outcomes, as separated by any hearing aid use, are shown in Table 3. After adjusting for age,
ARS, sex, and hearing loss severity, results demonstrate significantly lower odds of falling
for hearing aid users compared to non-users (OR 0.48 [0.26-0.90]) and an even greater
reduction in odds of falling for consistent users (OR 0.35 [0.19-0.67]). This significance
remains even after considering all covariates in the stepwise model adjusting for age, ARS,
previous falls, and hearing asymmetry in those with any hearing aid use (OR 0.51 [0.28—
0.93]) and, to a greater extent, in consistent hearing-aid users (OR 0.43 [0.24-0.77]).
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Table 3 also shows the results of all models separated by hearing aid use for the “fall risk”
outcome. Consistent with fall-prevalence models, all models find significantly lower odds of
being classified as “at risk for falls” for both hearing aid status groups. The adjusted model
shows that any hearing aid use is associated with 64% lower odds of being at risk for falls
(OR 0.36 [0.19-0.66]), and consistent hearing-aid use is associated with 68% lower odds

of being at risk for falls (OR 0.32 [0.12-0.59]). Similarly, adjusting for age, ARS, previous
falls, dizziness, and diabetes, the stepwise model demonstrates that those with any hearing
aid use have significantly lower odds of being at risk for falls (OR 0.41 [0.22-0.76]), as do
consistent hearing-aid users (OR 0.38 [0.21-0.69]).

Comparison of logistic regression models for both fall outcomes as stratified by consistency
of hearing aid use is shown in Table 4. Compared to no hearing aid use, inconsistent

users show no significant difference in either fall prevalence or fall risk, whereas consistent
hearing aid users do have significantly lower odds of experiencing a fall (OR 0.37 [0.19-
0.73] or being at risk for a fall (OR 0.28 [0.14-0.54]), suggesting a potential dose-response
relationship.

Sensitivity analysis

The regression modelling process was repeated by running the adjusted models using
Poisson regression with robust standard errors; similar results (data not shown) were
achieved. All p-values were identical for both logistic and Poisson regression models, but, as
expected given our high outcome prevalence, our point estimates were closer to the null in
Poisson models: fall-prevalence outcome for consistent hearing aid users found a prevalence
ratio of 0.72 compared to 0.35 in logistic regression models, and fall-risk outcome for
consistent hearing aid users found a prevalence ratio of 0.73 compared to 0.32 in logistic
regression models.

Discussion

All models, regardless of analysis method (covariates selected a priori, stepwise process,
Poisson regression), showed hearing aid users had significantly lower odds of experiencing
either fall outcome. While any hearing aid use was significantly associated with lower fall
outcomes, the association was stronger (lower point estimates and smaller p-values) for
those who reported consistent hearing aid use, which may suggest a quasi-dose-response
relationship. Of the three mechanisms proposed for the relationship between hearing loss
and increased fall risk, two are addressed by hearing aid use. Our findings that hearing

aid use is associated with significantly lower odds of falling and fall risk suggest that the
reduction in communicative cognitive load and/or improved access to environmental spatial
cues at least partially contribute to the underlying processes of this relationship.

Our findings differ from several of the previous studies investigating this question. We
limited our study sample to only those with hearing loss. In doing so, we were able to

more effectively evaluate the association of hearing aid use and falls independent from the
presence of hearing impairment. Several of the previous studies on the topic compared fall
rates in hearing aid users to those with normal or self-perceived “good” hearing [19, 20, 23].
A non-significant finding using a “good hearing” comparison group would suggest similar
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conclusions to our findings—that hearing aid use modifies fall risk in those at increased

risk due to hearing loss, bringing them to similar levels as normal hearing counterparts.
Conversely, our comparison group all had hearing loss to a degree that made them hearing
aid candidates (i.e., aidable hearing loss). This exclusion difference may offer an explanation
as to why our results differ from those studies showing non-significance.

Table 4 demonstrates that inconsistent hearing aid users did not significantly differ from
non-users. Since most of the other studies on this topic did not account for consistency of
hearing aid use [18, 19, 21, 22], samples containing a higher number of inconsistent users
could have contributed to the non-significant findings.

While every effort was made to collect and adjust for potential risk factors for falls,

as with any non-randomized study, there is still the possibility that other variables not
collected could account for at least some of the observed effects. Individuals who have
the means to obtain hearing aids may also have greater access to other medical care [32];
consequently, they may have fewer comorbidities that would otherwise increase their risk
of falling. However, for the health metrics collected, hearing-aid users do not appear to
be “healthier” than non-users. When comparing hearing aid status groups, there were not
significant differences in ARS scores or proportion with diabetes, cognitive decline, or
previous falls. Conversely, the hearing aid users were significantly older than non-users,
more had experienced a stroke, and more had significantly greater hearing loss and longer
duration of hearing loss.

Study Limitations

Since our study design was cross-sectional, we are limited to evaluating for associations
between hearing aid use and falls and cannot determine causality. The results did show

that our participants reported higher hearing aid usage than the general population, which

is likely due to the sampling of patients from an audiology/otolaryngology practice rather
than the general population. Nevertheless, oversampling of hearing aid users likely would
not result in differential misclassification assuming the overall proportion of hearing aid
users that experience a fall is the same regardless of the total number of hearing aid users
surveyed. This result does, however, suggest that our findings are only generalizable to the
typical patient population of an audiology/otolaryngology practice, not community dwelling
older adults as a whole.

Selection bias could also have been introduced from the electronic collection of most survey
responses. There is evidence that age does not significantly differ in those that complete

a paper survey compared to an electronic survey [33]; therefore, we do not suspect the

age of our respondents was affected by collection mode. However, research has shown
survey response varies by socioeconomic status and that more vulnerable populations are
less likely to respond to research surveys [34]. Therefore, we cannot rule out the possibility
that selection bias toward more affluent individuals exists in the current study given an email
address was required to respond. This may mean only those with higher socioeconomic
status participated and that these individuals may be “healthier” than the collective general
population. Additionally, the survey took place during the height of the Covid epidemic
which may have influenced response rates.
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Self-reported outcomes are inherently subject to recall bias. More than 26% of survey
respondents reported a fall in the past 6 months, which is similar to rates from other studies
[1, 2], although those studies asked about falls occurring in the past 12 months. Given

that the FRQ wording specifically asks about falls in the past 6 months, the cross-sectional
nature of our study makes it difficult to compare fall prevalence to studies that ask about
falls in the past year. However, recall bias related to recollection of a specific date when an
event occurred is likely a contributing factor (i.e., respondents may be answering “yes” that
they have had a fall even though it occurred more than 6 months ago).

Finally, hearing-aid-use data was also self-reported. Many hearing aids carry datalogging
functions quantifying hours worn, but these data were generally not available for our patients
for two reasons: 1) many respondents did not receive their hearing-aid services through
University of Colorado Hospital, and 2) for those that did use UCH audiology, datalogging
was not consistently documented in audiologic notes.

Conclusions

Our results indicate that hearing aid use is associated with lower odds of falling and
reduction in fall risk in older adults with aidable sensorineural hearing loss, and that the
association is stronger for those that use hearing aids for at least 4 hours/day on average.
These findings provide cross-sectional evidence that is relevant to audiological clinical
practice and in fall prevention programs. Audiologists can more confidently discuss with
patients the association between hearing aid use and the probability of falling as well as
encourage consistent hearing aid use of at least 4 hours each day. Finally, even though

our results cannot determine causality, they do add to the evidence suggesting hearing loss
may be a modifiable risk factor for falls [35]. Healthcare providers might consider adding a
hearing screening to their assessments, referring those who do not pass to an audiologist and
discussing the potential benefits of addressing hearing loss to reduce fall risk.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key Points:

. Use of hearing aids is associated with significantly reduced odds of both
falling and risk for falls in older adults with hearing loss.

. The association was strongest for consistent hearing aid users (at least 4
hours/day for 1 year).

Why does it matter?

Understanding the relationship between hearing aid use and falls helps clinicians counsel
patients about potentially modifiable fall-risk factors.
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Figure 1.

Flow diagram showing recruitment, collection, and analysis of surveys.
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Demographic characteristics for all participants and for consistent vs inconsistent users. Continuous variables

TABLE 1

Page 13

are shown by their means (standard deviations) and categorical variables are shown by proportion.

Characteristic All participants  Consistent users  Inconsistent/non-users  P-value
(n=299) (n=181) (n=118)
Demographics
Age 73.8(6.7) 74.8 (6.6) 725 (6.6) 0.004
Female sex 51.2% 52.8% 50.9% 0.74
White race 96.1% 97.1% 94.7% 0.38
Fall Characteristics
“Any fall 26.4% 19.3% 37.3% <0.001
*Eall-risk 31.3% 24.0% 42.4% <0.001
Hearing Characteristics
“Any HA use 68.8% - - -
“Consistent HA use 60.5% - - -
Hearing loss severity (dB) 35.9 (15.3) 40.7 (15.4) 28.7 (11.7) <0.001
Hearing loss asymmetry (dB) 6.6 (11.8) 7.1 (11.6) 5.8 (12.1) 0.39
*Hearing loss duration (years) 12.2 (14.0) 14.7 (15.0) 8.0 (11.1) <0.001
Comorbidities
ARS score 1.1(L7) 1.1(1.7) 1.2(1.7) 0.40
Diabetes 15.8% 14.8% 17.3% 0.58
Stroke 4.7% 7.1% 0.9% 0.02
Cognitive decline 2.1% 1.8% 2.8% 0.58
Previous falls 3.2% 3.0% 3.7% 0.74
“Positional dizziness 118 11.0% 12.9% 0.62

*
indicates any characteristic collected by participant self-report. P-values are for Welch’s t-tests (continuous variables) and chi-squared
tests (categorical variables) between consistent and inconsistent/non users, significant p-values are in bold. ARS=Anticholinergic Risk Scale,

dB=decibel, HA=hearing aid.
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TABLE 2

Collected covariates by fall-status and by fall-risk classification

Page 14

Characteristic No falls (n=220) Any falls (n=79) P-value Not at fall-risk (n=197) Fall-risk (n=92)  P-value
Demographics
Age 74.3 (6.8) 72.4 (6.4) 0.03 74.0 (6.5) 73.4 (7.0) 0.46
Female sex 47% 50.6% 0.57 53.8% 47.8% 0.34
White race 97.0% 94.9% 0.4 96.4% 95.6% 0.96
Hearing Characteristics
“Any HA use 72.7% 56.9% 0.01 74.5% 54.8% <0.001
*Consistent HA use 66.4% 44.3% <0.00 66.6% 46.2% <0.001
Hearing loss severity (dB) 35.9 (15.3) 35.9(15.1) 0.99 35.9 (15.9) 35.9(13.7) 0.99
Hearing loss asymmetry (dB) 5.9(9.2) 8.4 (16.7) 0.2 6.8 (12.7) 6.0 (9.6) 0.55
*Hearing loss duration (years) 12.3 (14.6) 11.9 (12.3) 0.8 12.2 (14.8) 11.9 (12.2) 0.85
Comorbidities
ARS score 1.0 (1.5) 1.6 (2.0) 0.03 0.9 (1.5) 1.7 (2.0) 0.001
Diabetes 14.8% 18.4% 0.46 12.8% 22.2% 0.04
Stroke 3.6% 6.3% 0.36 4.3% 5.6% 0.64
Cognitive decline 1.8% 2.5% 0.74 1.6% 3.3% 0.36
Previous falls 1.4% 7.6% 0.007 1.6% 6.7% 0.03
*Positional dizziness 15.2% 10.8% 0.27 5.0% 26.9% <0.001
“Use glasses 78.7% 70.5% 0.14 76.5% 76.1% 0.94

*

indicates any characteristic collected by participant self-report. Continuous variables are shown by their means (standard deviations) and

categorical variables are shown by proportion. P-values are for Welch’s t-tests (continuous variables) and chi-squared tests (categorical variables),
significant p-values are in bold. ARS=Anticholinergic Risk Scale, dB=decibel, HA=Hearing Aid.
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Comparison of logistic regression models for each exposure group and for each outcome (fall prevalence and

fall risk).

Any HA use Odds ratio (95% CI) (Referenced to

No HA Use)

Consistent HA use Odds ratio (95% CI) (Referenced
to No/Inconsistent HA Use)

Fall Prevalence

Unadjusted/crude model

*Adjusted model

fStepWise model

Fall Risk

Unadjusted/crude model

*Adjusted model

fStepwise model

0.50 (0.29-0.85)
p=0.01

0.48 (0.26-0.90)
p=0.02

0.51 (0.28-0.93)
p=0.03

0.42 (0.25-0.70)
p<0.001

0.36 (0.19-0.66)
p<0.001

0.41 (0.22-0.76)
p<0.004

0.40 (0.24-0.68)
p<0.001

0.35 (0.19-0.67)
p<0.001

0.43 (0.24-0.77)
p=0.005

0.43 (0.26-0.71)
p<0.001

0.32 (0.12-0.59)
p<0.001

0.38 (0.21-0.69)
p<0.001

*
Model adjusted for age, ARS, sex and hearing loss severity.

7LModeI adjusted for age, ARS, previous falls and hearing loss asymmetry.

fModeI adjusted for age, ARS, previous falls, dizziness and diabetes.

HA=hearing aid; ARS=Anticholinergic Risk Scale.
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TABLE 4

Comparison of adjusted logistic regression models stratified by consistency of hearing aid use for each
outcome (fall prevalence and fall risk).

No use (n=95) Odds ratio Inconsistent use (n=23) Odds ratio (95% Consistent use (n=181) Odds ratio (95%
(95% ClI) Cl) Cl)
Fall Prevalence
Adjusted model Reference 1.44 (0.50-4.12) 0.37 (0.19-0.73)
p=0.46 p=0.004
Fall Risk
Adjusted model Reference 0.94 (0.33-2.72) 0.28 (0.14-0.54)
p=0.91 p<0.001

Models are adjusted for age, ARS, sex and hearing loss severity
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