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Overview

 Background of fall significance and review literature on hearing 
aid use and fall risk

 Aims and study design/methods
 Results: differences in fall prevalence and fall-risk by hearing aid 

use
 Discussion: Conclusions, limitations, future research



Fall statistics
 Every second of every day, an older 

adult falls
 1 in 4 over the age of 65 fall each year

 Falls are the number one cause of TBIs 
and hospitalization in the elderly

 Falls are more costly to the healthcare 
system than smoking or obesity ($50 
billion annually)



Adapted from Ambrose, Paul, and Hausdorff (2013) 
and S. R. Lord, Menz, and Sherrington (2004). 
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Hearing loss as a risk factor for falls

 Lin & Ferrucci (2012) found a 
dose-response relationship that 
for every 10 dB of hearing loss, 
risk of falling increased 1.4-fold. 

 Meta-analysis by Jiam et al 
(2016) found older adults with 
hearing loss had 2.4 times the 
risk of falls than those without 
hearing loss.



Proposed Mechanisms

 Concomitant medical factors that degrade both the 
auditory and vestibular systems

 Increased cognitive load of communication reducing 
overall executive function capacity to maintain 
balance/avoid falls

 Loss of auditory cues necessary for accurate spatial 
orientation 



Research Question

 2 of the 3 theories are directly addressed/corrected by 
hearing aids (reduction in cognitive load, improved access 
to auditory spatial landmarks). 

 Does use of hearing aids reduce the likelihood of a fall?



Systematic 
Literature 
Review



Literature Review

 21 studies included, can be separated based on 
outcome measure assessed
 Measures of postural sway/stability
 Measures of gait
 Falls 



Postural 
Sway/Stability
 7 studies have assessed 

postural sway with HI 
individuals aided and 
unaided
 5 have found significantly 

better performance when 
aided

 1 found only HI individuals 
with vestibular dysfunction 
performed better aided

 1 found no significant 
difference

Vitkovic, et al. 



Gait

 Only 3 studies looked at gait velocity, stride length, TUG or steps to 
regain balance
 One was a case series which showed better performance with device on 

than off
 One did not find any aided vs unaided differences
 One found unaided individuals had to take more steps to regain balance



Hearing aid use and falls

 Systematic literature review found 9 studies that directly 
evaluated the association between hearing aid use and 
fall risk
 4 found that hearing aid users had significantly higher odds of 

experiencing a fall
 3 did not find significance in the relationship
 2 found hearing aid users had significantly lower odds of 

experiencing a fall



Studies finding hearing aids 
increase odds of falling
Study Study design Participants Outcome measure Conclusion

Sprince et al. (2003) Case/control cross-
sectional survey

6,999 Iowa farmers (mean 
age 50.1)

Self-reported fall-related 
farm injury in past 12 
months

Difficulty hearing normal 
conversation (even if wearing a 
hearing aid) related to fall risk
OR 1.82 (95% CI: 1.07-3.08)

Chu et al. (2004) Case/control cross-
sectional survey

448 cases who experienced a 
proximal humerus fracture 
and 2,023 controls (age 
range 45-85+)

Incident proximal 
humerus fractures over 
age 45 between 1996-
2001

Fall-related risk factor: hearing 
aid used almost always
OR 1.82 (95% CI: 1.08-3.08)

Gopinath et al. (2016) 5-year longitudinal 
cohort study  

1,478 Australians over the age 
of 55 

Self-reported incident 
falls in the 12 months 
prior to study visits 

Those who reported hearing aid 
use had higher odds of falling 
OR 1.76 (95% CI: 1.1-2.84)

Criter and Gustavson 
(2020)

Case/control cross-
sectional survey

28 community dwelling older 
adults (mean age 70.6), 28 
audiology clinic patients 
without hearing aids (mean 
age 71.5), 18 audiology clinic 
patients with hearing aids 
(mean age 72.9)

Self-reported falls in the 
past 12 months and 
unaided HHIE scores 

Audiology patients with HAs 
reported more falls (p=0.003) 
than either of the other 2 groups. 



Studies finding no significant 
relationship

Study Study design Participants Outcome measure Conclusion

Kamil et al. (2016) 11-year longitudinal 
cohort study

2,000 total participants 
between 70-79, 407 with HL 
(137 HA users, 270 non-users). 

Self-reported falls in the 
past 12 months

For those with moderate or 
greater HL, rates of experiencing 
a fall did not differ between HA 
users and non-users (p=0.22)

Powell et al. (2021) Pooled cross-sectional 
analysis of 20-year 
national survey

152,872 (8391 HA users) 
individuals aged 50+ who 
completed the National 
Health Interview Survey 
between 1997-2017

Self-reported falls in the 
past 3 months, falls due 
to dizziness in the past 3 
months

Hearing aid use did not affect 
odds of experiencing a fall 
OR 1.01 (95% CI: 0.55-1.86)
or odds of experiencing a fall 
due to dizziness
OR 1.55 (95% CI: 0.82-2.93)

Riska, Peskoe, 
Kuchibhatla, et al. 
(2021)

Pooled cross-sectional 
analysis of 5-year 
national survey

8,091 individuals age 40+ who 
completed the National 
Health and Nutrition 
Examination Survey (NHANES)

Self-reported falls in the 
past 12 months

Greater severities of hearing loss 
was correlated with increased 
fall risk but hearing aid use did 
not modify this relationship 
(p=0.72)



Studies finding hearing aids reduce 
odds of falling

Study Study design Participants Outcome measure Conclusion

Mahmoudi et al. 
(2019)

8-year longitudinal 
retrospective cohort 
study of health 
insurance claims data

114,862 participants with HL 
(mean age 79.8) 14,109 HA 
users and 100,753 non-users)

Incident injurious falls by 
ICD code

HA users had lower risk of 
injurious fall than non-users 
(HR= 0.87; 95% CI: 0.80-0.93)

Tiase et al. (2020) 1-year retrospective 
case/control study

6,668 inpatients 18+ with 
hearing loss (1,736 HA users, 
4,932 non-users)

Fall occurring during 
hospitalization

Patients who reported HL were 
more likely to experience a fall 
OR 1.74 (95% CI: 1.46-2.07)
Patients without HA usage had 
even higher risk of falls
OR 2.7 (95% CI: 1.64-4.69)
HA users were not more likely 
than normal hearing controls to 
experience a fall (p=0.889)



Gaps in the Literature

 Using measures of postural stability, gait or fractures as a proxy for 
falls

 Focus on hearing loss/falls association—HA use was secondary 
analysis and underpowered

 None collected data about frequency and duration of hearing aid 
use (2 stratified never, half the time, always)

 Several compared hearing aid users to normal hearing peers rather 
than individuals with hearing loss. 



Aim 1
Compare fall metrics in hearing aid users to non-users. 
 Primary outcome measure: prevalence of falls as self-reported via 

survey (question 1 of Fall Risk Questionnaire).
 Secondary outcome measure: proportion of each group 

considered a fall risk (>3 on FRQ). 



Aim 2
Examine the relationship between specific covariates (risk factors) 
and fall outcomes.  
 Degree of hearing loss, duration of hearing loss and duration of hearing aid use 

as well as medical comorbidities (medication usage, diabetes, stroke, 
cognitive decline) are all potentially associated with the hearing aid/fall 
association



Study Design

 A cross-sectional study surveying individuals with 
hearing loss about their fall history and hearing aid 
use. 



Population
Inclusion criteria: Exclusion Criteria: 

• Individuals aged 60+ with 
documented bilateral 
SNHL

• Cognitive and linguistic 
capacity to complete 
questionnaire 

• Knee/hip replacement in past year
• Non-ambulatory individuals or those 

requiring prosthetics to ambulate
• Actively taking meclizine
• Individuals with a vestibular dysfunction 

diagnosis
• Those with degenerative neurological 

disease (e.g., Parkinson’s)
• Individuals who are legally blind



Methods

 University of Colorado Hospital Audiology department EHR 
queried for individuals who were 60+ with diagnosis code 
for bilateral sensorineural hearing loss

 Email invitation sent to participate in REDCap Survey
 Following IC and survey completion, EHR was reviewed for 

degree of hearing loss, medical comorbidities and 
medication usage



Survey 
Composition
 Fall Risk Questionnaire (FRQ)

 4 “yes” answers = fall-risk

 Dizziness Handicap Inventory-
Screener

 6 additional questions 
related to hearing aid usage 
and duration



Medication classification:
ARS

 Rudolph et al. showed that 
higher ARS values were 
associated with higher risk falls, 
dizziness and confusion in adults 
over the age of 65

 Provides better detail than just 
the number of medications an 
individual is prescribed



Hearing aid use groups
 Any use vs none
 Consistent users vs inconsistent/no use

Consistent HA users reported at least 4 hrs/day of 
average wear time for 1 year or longer

 So for analysis we have 2 outcomes (fall prevalence 
and fall-risk) and 2 interventions (any hearing aid use, 
consistent hearing aid use)



Data collection



Descriptive statistics of all participants and 
differentiated by consistent vs inconsistent/non-use



Collected covariates by fall-status and fall-risk 
classification

Aim 1: How 
does fall 
prevalence/risk 
vary by hearing 
aid use?



Aim 2: how do fall risk factors affect 
fall outcomes?  
Logistic Regression Modelling
 Model 1: Crude/Unadjusted
 Model 2: Multivariate LR adjusted by common risk factors for falls 

(decided a priori)
 Adjusted for age, sex, hearing loss severity (PTA) and 

medications (ARS score)
 Model 3: Forward Stepwise LR with all collected covariates 



Model Summaries for Fall Prevalence 



Model Summaries for Fall Risk 



Conclusions
Consistent hearing aid use is associated with a 

significantly lower odds of falling (between 45-65% 
lower), even after adjusting for age, medications, 

dizziness and previous falls

Consistent hearing aid use is associated with a 
significantly lower odds of being a fall-risk 

(between 30-65% lower), even after adjusting for 
age, medications, HL severity, dizziness and 

previous falls



Discussion: 
 Fallers were younger, but had higher ARS scores (more med 

usage), reported more dizziness and a higher proportion of 
previous falls

 Hearing aid users were older and had greater degrees of hearing 
loss (which should increase their fall risk), but still reported 
significantly fewer falls than non-users (21.95% vs 36.17%). 

 Many variables which should be risk factors for falls were not 
significantly different
 Female sex, hearing loss severity, cognitive decline

 All models showed stronger associations for consistent hearing aid 
users suggesting greater reduction in risk with greater amounts of 
hearing aid use. 



Discussion: are HA users just 
healthier individuals? 

 HA users were older, had more hearing loss, and had higher 
rates of stroke

 No difference in medication usage (ARS), diabetes, 
cognitive decline or previous falls

 Non-users did report more dizziness



Limitations

 Association not causation
 Generalizability
 Selection and recall bias 

 self-reported outcome measures
 Unmeasured covariates



Future Research

 Which mechanism(s) are contributing to the observed relationship?
 Longitudinal studies and/or pre-post studies
 Include other outcome measures of postural stability and vestibular and 

cognitive function 

 RCT: randomly assign HAs as intervention and compare to fall rates 
in controls
 Can draw stronger conclusions
 Reduces chance of unmeasured covariates affecting results



Implications for Clinical Practice

Audiologists
 Supports the recommendation that a 

potential benefit to obtaining hearing 
aids is a reduced probability of falling 

 Encourage consistent hearing aid use 
with the aim of patients wearing their 
hearing aids for at least 4 hours each 
day

Fall Prevention Programs
 Add hearing loss to the list of potentially 

modifiable risk factors for falls

 Should consider adding a hearing 
screening to assessment battery (if not 
already included) and refer those that 
do not pass to an audiologist

 Counsel on the potential benefits of 
addressing any identified hearing loss 
regarding fall risk reduction



Questions? 





Age 
separated 
by HA 
status

  



HL severity 
separated 
by HA 
status



Falls by 
glasses use



Measure of HA 
benefit-
change in SII
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