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Abstract
Background: Hearing loss is associated with a greater risk of death in older adults. This
relationship has been attributed to an increased risk of injury, particularly due to falling, in
individuals with hearing loss. However, the link between hearing loss and mortality across the
lifespan is less clear.
Methods: We used structural equation modeling and mediation analysis to investigate the
relationship between hearing loss, falling, injury, and mortality across the adult lifespan in
public-use data from the National Health Interview Survey and the National Death Index. We
examined 1) the association between self-reported hearing problems and later mortality, 2) the
associations between self-reported hearing problems and the risk of injury and degree and type of
injury, 3) the mediating role of falling and injury in the association between self-reported hearing
problems and mortality, and 4) whether these relationships differ in young (18-39), middle-aged
(40-59) and older (60+) age groups.
Results: In all three age ranges, those reporting hearing problems were more likely to fall, were
more likely to sustain an injury, and were more likely to sustain a serious injury, than those not
reporting hearing problems. While there was no significant association between hearing loss and
mortality in the youngest category, there was for middle-aged and older participants and for both
fall-related injury was a significant mediator in this relationship.
Conclusions: Fall-related injury mediates the relationship between hearing loss and mortality for
middle-aged as well as older adults, suggesting a need for further research into mechanisms and
remediation.
Keywords: Hearing loss, falling, injury, mortality, SEM, mediation analysis
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Introduction
Hearing loss has a significant effect on health and quality of life (Bainbridge & Wallhagen,
2014), and is associated with a roughly 20% greater risk of death in older adults (age 70-79) even
when adjusted for cardiovascular and other risk factors (Genther et al., 2015a). However, the link
between hearing loss and mortality in the broader population is less clear. Some populationbased cohort studies that included younger adults have found a significant association between
hearing impairment (objectively or subjectively measured) and mortality even after adjusting for
demographic and various health factors while others have not. For example, a study by H.W. Lin
and colleagues (2019) using the 2005-2009 National Health Interview Survey (NHIS) included
adults ≥18 years of age. They examined three levels of self-reported hearing loss and found that
reporting having “a lot of trouble hearing/deaf” was significantly associated with increased
mortality compared to reporting having “excellent/good hearing” even after adjusting for
demographics and comorbidities. However, there was no significant difference in mortality
between those reporting “a little/moderate hearing loss” and those reporting “excellent/good
hearing”. On the other hand, a study using data from the population-based 2003-2004 National
Health and Nutrition Examination Survey (NHANES) with follow-up through 2011 among
adults aged 40-85 years old (Loprinzi & Crush, 2016) found that self-reported hearing
impairment was not significantly associated with mortality after adjusting for demographics and
health-related risk factors. To our knowledge, no existing cohort studies have examined the
relationship between hearing loss and mortality in an age-stratified manner.
One possible explanation of the link between hearing loss and mortality is through an increased
risk of injury, particularly due to falling. Hearing loss has been linked to an overall higher
incidence of hospitalization, accidental injury, and falling (Genther et al., 2015b; Heitz,
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Gianattasio, Prather, Talegawkar, & Power, 2019; Jiam, Li, & Agrawal, 2016; F. R. Lin &
Ferrucci, 2012; H. W. Lin, Mahboubi, & Bhattacharyya, 2018; Mick, Foley, Lin., & PichoraFuller, 2018). Falls are the leading cause of fatal and non-fatal injury among older (65+) adults
(Bergen, et al. 2016; Drew & Xu, 2020; Xu & Drew, 2016), and fall-related mortality is
increasing, especially among those aged 75 years and older (Hartholt, Lee, Burns, & Van Beeck,
2019) for whom hearing loss is extremely prevalent (Goman & Lin, 2016). However, while it is
well-established that problems with hearing often begin in middle age (e.g. early 40s) (Helfer &
Jesse, 2020), it is not clear whether the relationships between hearing problems and falling,
injury, or mortality also appear this early.
Finally, while there is ample evidence that hearing loss is related to increased risk of falling (F.
R. Lin & Ferrucci, 2012), it is not clear whether the link between hearing loss and increased
mortality risk can necessarily be attributed directly to increased risk of falling or fall-related
injury. For example, in a study of older adults aged 76-81 years from the Health in Men Study
and the Australian Longitudinal Study on Women’s Health, Lopez and colleagues (2011) found
that self-reported hearing impairment was significantly associated with increased risks of having
a fall, but not with being injured from a fall. Thus, there is a question whether falling and/or
injury serve to mediate the relationship between hearing loss and mortality.
Here, we employ structural equation modeling and mediation analysis to investigate the complex
relationship between hearing problems, falling, injury, and mortality across the adult lifespan.
Using a recent and nationally representative sample of U.S. adults aged 18 years and older, this
study examines 1) the association between self-reported hearing problems and later mortality, 2)
the associations between self-reported hearing problems and the risk of injury, and whether the
associations differ by characteristics of injury (i.e. due to a fall or another cause, and whether the
4
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injury was minor or serious), 3) the mediating role of injury in the association between selfreported hearing problems and mortality, and 4) whether the above relationships vary by young,
middle and old age groups.
Methods
Data and samples
This study uses public-use data files from the National Health Interview Survey (NHIS) and the
National Death Index (NDI). The NHIS is an annual survey, collecting health and health care
utilization information from a nationally representative sample of the U.S. non-institutionalized
civilian population. The NDI contains information on death certificate records including calendar
quarter and year of death. The sample for this study was limited to adults aged 18 years and older
at the time of the NHIS survey who provided full information on all analysis variables. The
percentages of missing data were less than 7% (mortality: 6.3%, injury: 1.2%, education: 0.1%,
and marital status: 0.1%). List-wise deletion was used for handling missing data.
To estimate the association between self-reported hearing problems and later mortality, we used
the linked 1997–2014 NHIS-NDI data files (N= 521,146). To estimate associations between selfreported hearing problems and injury incidence, we used data from 2004 to 2017 NHIS surveys
(N= 412,661). To investigate the role of injury in the associations between self-reported hearing
problems and mortality, we used the linked 2004–2014 NHIS-NDI data files (N= 310,787).
Measures
Based on their responses to trouble hearing without hearing aids or other listening devices,
participants were categorized into three groups: (a) excellent/good, (b) a little /moderate trouble,
and (c) a lot of trouble/deaf. Injury refers to a traumatic event in which a person was harmed
5
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seriously enough by an external cause (e.g., fall, motor vehicle accident, poisoning, cut/pierce, or
struck by object/person) to seek medical advice or treatment in the past three months. We used
the type of care sought after injury to construct a three-category variable: serious injury (injury
treated in an ER or hospital), minor injury (injury treated in a doctor’s office, or in a consultation
over the telephone), and no injury. We used the cause of injury to distinguish falls from other
types of injuries (hereafter: non-fall injuries). Regarding mortality, the outcome of interest is the
quarter of death; the NHIS-NDI file only provides the quarter and year of death for decedents.
Control variables included sociodemographic characteristics (age, sex, race/ethnicity, education,
and marital status), and health conditions (vision problem, diabetes, cancer, stroke, angina
pectoris, hypertension, coronary heart disease, heart attack, and other heart condition/disease).
Because the NHIS dataset does not include yearly assessments of balance-related measures, we
were unable to include this as control variable, though these are obviously relevant (see
Discussion, below). We also constructed three age groups: 18-39, 40-59, and 60+ years old.
Statistical analysis
All statistical analyses were first conducted for all 18+ adults and then stratified by three age
groups (18-39, 40-59, and 60+ years old). Kaplan–Meier methods were conducted to estimate
survival rates. We used a Cox proportional hazards model to assess the associations between
self-reported hearing problems and later mortality. A test of the proportional hazards assumption
was performed and the assumption was held for the three-category hearing problems variable. A
binary logistic regression model was used to assess the associations between self-reported
hearing problems and injury incidence. An ordered logistic regression model was used to assess
the associations between self-reported hearing problems and severity of injury (serious, minor,
and no injury). A test of the proportional odds assumption was performed and the assumption
6
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was held except for adults aged 18-39 years old. Sensitivity analysis using a generalized ordered
logistic model yielded identical results, indicating that the estimated associations between
hearing problems and severity of injury were not influenced by violations of the proportional
odds assumption in this young age group. A multinomial logistic regression model was used to
assess the associations between self-reported hearing problems and cause of injury (fall, non-fall,
and no injury).
A generalized structural equation model was used to assess the mediating effect of injury
including injury incidence (yes or no), severity of injury (serious or minor) and cause of injury
(fall and non-fall), on the relationship between self-reported hearing problems and mortality. In
order to estimate the magnitude of any mediating effect, we calculated the indirect effect of selfreported hearing problems on mortality (i.e., the effect mediated through injury) by multiplying
the effects of injury on mortality and the effects of hearing problems on injury where the latter
effects were first converted to the probability scale (see Figure 2). The total effect was then
computed as the sum of the direct effect and the indirect effect of hearing problems on mortality.
All estimates were population weighted and standard errors were adjusted for complex survey
design using the Stata svy commands; the mortality models used the person mortality weight.
These adjustments follow the recommendations of the user guide for the NHIS dataset (IPUMS
Health Surveys, 2021; National Center for Health Statistics, 2013). All statistical analyses were
performed using Stata 16.1 (StataCorp). Statistical significance was accepted at the p < 0.05
(two-sided) level.
Results
Population-weighted characteristics of community-dwelling adults from the 2004-2014 NHIS
and NDI samples are presented in Table 1. Approximately 84% reported having excellent or
7
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good hearing (18-39 years old: 94.17%, 40-59 years old: 84.77%, 60+ years old: 66.15%), 14%
reported a little or moderate trouble hearing (18-39 years old: 5.35%, 40-59 years old: 13.61%,
60+ years old: 26.95%), and 2% reported having a lot of trouble hearing or being deaf (18-39
years old: 0.49%, 40-59 years old: 1.62%, 60+ years old: 6.90%). The mean age was 46 years
(18-39: 40%; 40-59: 37%; and 60+: 24%), and those who reported hearing problems were older
than those not reporting hearing problems. More than 48% of participants were male, and the
male proportion increased with reported severity of hearing problems. The proportion of
hypertension, stroke, angina pectoris, heart attack, coronary heart disease, other heart
condition/disease, cancer, diabetes, or vision problems increased as the reported severity of
hearing problems increased.
<Insert Table 1 about here>
Hearing problems and mortality
There was a clear difference in mortality risk by the severity of hearing problems. More than
27% who reported having a lot of trouble hearing or who were deaf died within the study period
(Table 1), 12% who reported a little/moderate trouble hearing died, and 5% who reported having
excellent/good hearing died. In Kaplan–Meier estimates of the unadjusted cumulative probability
of survival (Figure 1, top left), we found that survival time for all 18+ participants who reported
a lot of trouble hearing/deaf was significantly shorter when compared with survival times for
those reporting a little/moderate trouble hearing or excellent/good hearing. The survival time for
the little/moderate trouble hearing group was also significantly shorter than for the
excellent/good hearing group. At 72 quarters, or 18 years, the probability of survival dropped to
43.7% for participants who reported having a lot of trouble hearing or were deaf, 63.2% for
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participants who reported a little/moderate trouble hearing, and 83.6% for participants who
reported having excellent/good hearing.
<Insert Figure 1 about here>
When further stratified by age group, the difference in mortality risk by the severity of hearing
problems was significant among participants aged 40-59 and 60+ years old, respectively (Figure
1). In the fully adjusted model, participants who reported a lot of trouble hearing/deaf had a
higher risk of death than those who reported excellent/good hearing (Table 2; hazard ratio of
1.17). This held for both the 40-59 age group (hazard ratio = 1.17) and 60+ age group (hazard
ratio = 1.12). There was no significant difference in risks of death between a little/moderate
trouble hearing and excellent/good hearing overall, nor for any age group. Among participants
aged 18-39 years old, hearing problems were not significantly related to mortality.
Hearing problems and injury
For those who reported having a lot of trouble hearing or who were deaf, 4.3% were injured,
2.2% had a fall, 2.1% sustained a non-fall injury, 2.6% had a serious injury and 1.7% had a
minor injury (Table 1). For all age groups, participants who reported having hearing problems
(whether a little/moderate trouble or a lot of trouble/deaf) had significantly higher risks of injury
compared with the excellent/good hearing group (Table 2). Moreover, participants who reported
having hearing problems were more likely to have a serious injury than were those with
excellent/good hearing, both overall and across all age groups (Table 2). Regarding cause of
injury, participants with hearing problems (whether a little/moderate trouble or a lot of
trouble/deaf) had significantly higher risks of fall-related injury overall, and across all age
groups. Finally, participants with hearing problems were more likely to sustain a non-fall injury;
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however, the relationships between a lot of trouble/deaf and non-fall injury were not statistically
significant among 18-39 and 60+ age groups (Table 2).
<Insert Table 2 about here>
The mediating role of injury in the association between hearing problems and mortality
Overall, injury mediated the association between a lot of trouble hearing/deaf and mortality, but
not between a little/moderate trouble hearing and mortality (Figure 2A). Approximately 43% of
the total effect of a lot of trouble hearing/deaf on mortality was mediated by injury (Table 3).
With respect to cause of injury (Figure 2B), fall-related injury mediated the relationship between
serious hearing problems and mortality, accounting for 57% of the total effect, but non-fall injury
did not mediate the association at all.With respect to severity of injury, both serious and minor
injury mediated the relationship between serious hearing problems and mortality (Figure 2C),
with about 49% of the total effect being mediated by serious injury, and 30% by minor injury
(Table 3).
<Insert Figure 2 about here>
Examining effects by age group, for the 18-39 age group, there was no mediation effect of injury
on the relationship between hearing problems and mortality. For the 40-59 age group, only fallrelated injury and serious injury mediated the association between a lot of trouble hearing/deaf
and mortality and the mediation effect was 62% and 39%, respectively (Table 3). For the 60+
age group, injury, minor injury, serious injury, and fall-related injury all mediated the association
between a lot of trouble hearing/deaf and mortality (Table 3). About 51% of the total effect of a
lot of trouble hearing/deaf on mortality was mediated by injury, and the largest mediation effect
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was fall-related injury (59%), followed by serious injury (56%) and minor injury (38%) (Table
3).
<Insert Table 3 about here>
Discussion
Using the nationally representative NHIS linked to the longitudinal NDI, we examined the
associations between self-reported hearing problems, injury, and mortality. The current study
adds to the body of work that links hearing problems to mortality by distinguishing between
minor and serious injury and between fall and non-fall injuries, and by examining effects within
different age ranges. We also used a longer period of mortality follow-up than had previously
been studied, investigating the risk of death up to 18.75 years after the initial interview.
We found that participants reporting any hearing problems were more likely to fall, were more
likely to sustain an injury, and were more likely to sustain a serious injury, than were those not
reporting any hearing problems. This pattern held both overall and for each of the three age
groups. In contrast, there was no significant association between self-reported hearing problems
and mortality in the 18-39 age group, and among adults aged 40+ increased mortality risk was
associated only with reporting serious hearing problems. However, the significant association
between serious hearing problems and mortality was greatly mediated by injury (about 43% of
the total effect). In particular, the largest mediation effect was fall-related injury, followed by
serious and minor injury. Our findings highlight the importance of addressing hearing problems
in terms of injury, falling and mortality across the lifespan. An association between hearing loss,
injury and falling holds for all age groups we examined, and thus addressing hearing problems
may have the potential to reduce injury, falling, and severity of injury for all adults. However,
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the observation of an association between severe hearing loss, fall-related injury, and mortality
risk in the 40-59 and 60+ age groups, suggests that addressing hearing problems in middle aged
and older adults may also have the potential to reduce mortality risk via reducing risk of falling
and injury.
The finding that the link between hearing problems and mortality obtains only for the most
severely impaired category of participants (a lot of trouble hearing/deaf) in the present sample is
consistent with previous research that suggests that the relationship between hearing loss and
mortality is generally stronger for those with a greater degree of loss (Genther, et al. 2015a; H.
W. Lin et al. 2019; Lee, et al. 2020). However, the finding that this association is already present
in the middle-aged group, but not in the younger group, suggests the need for further research
into the interaction between age, hearing loss and mortality in middle-aged and older adults.
While this finding suggests that the relationship between hearing problems and mortality
strengthens with age, this may also reflect the dominance of different etiologies of hearing loss in
the various cohorts. For example, in the present data set we cannot distinguish between
individuals with hearing loss acquired in (middle to late) adulthood, perhaps as a result of
exposure to noise or ototoxic drugs, and those with congenital or childhood onset hearing loss. It
seems likely that the second type may be more prevalent in the younger group, while the first
might dominate in the older two groups and are also closely associated with vestibular
involvement (Campo, et al. 2013; Sedó-Cabezón et al. 2014; Yilmaz, et al. 2018). Ultimately,
this uncertainty highlights the need for further research into the mechanisms that link hearing
loss to mortality.
When considering only the significant relationship between the highest level of self-reported
hearing problems and mortality, we found that injury, including both serious and minor,
12
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mediated the relationship between hearing loss and mortality, as did fall-related but not non-fall
related injury. When considering patterns for each age group, we found that age again played an
important role in modifying the relationship between hearing problems and mortality. In
particular, we found no mediation effects for the youngest group (18-39), and for the middleaged group (40-59) we found only mediation effects of serious injury and fall-related injury. For
the oldest age group (60+) both minor and serious injury and fall-related injury were all
significant mediators of the relationship between hearing problems and mortality. This pattern
suggests again that age affects the relationship between hearing problems, injury, and mortality,
at least to the extent that older adults seem to be more susceptible to the consequences of
injuries, possibly because of increased frailty in older age (Kamil, Betz., Powers, Pratt,
Krichevsky, Ayonayon, et al. 2016). Moreover, the finding that fall-related injury but not nonfall related injury is a significant mediator between hearing problems and mortality even for
middle-aged adults with serious hearing problems again highlights the need for further research
into the mechanisms that link hearing impairment, fall-related injury and mortality across the
adult age span.
Previous researchers have proposed that the relationship between hearing loss and increased risk
of injury and fall may arise through three potentially overlapping mechanisms (Campos,
Ramkhalawansingh, & Pichora-Fuller, 2018; Jiam et al., 2016; F. R. Lin & Ferrucci, 2012). First,
hearing problems are often comorbid with vestibular dysfunction and balance difficulties in older
adults (Da, Lee, & Lee, 2015; Viljanen, Kaprio, Pyykkö, Sorri, Pajala, et al., 2009) , likely due to
developmental, anatomical, and physiological similarities between the vestibular and auditory
organs as well as overlap between their associated neural pathways (Zuniga et al., 2012) , and
their common susceptibility to environmental risk factors such as solvents and noise (Guest,
13
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Boggess, D'Este, Attia, & Brown, 2011). Both systems are also susceptible to age-related
changes in calcium metabolism that may also be related to increase frailty and susceptibility to
injury in older age (Singh, Jha, Gargeshwari, & Kumar, 2018). Therefore, especially in cases
such as the present study in which only hearing problems are reported, the factor of hearing loss
may also represent vestibular and balance disorders that make falling more likely and more
harmful. Further research in this field must explicitly assess vestibular function as well as
hearing and balance.
The second hypothesis is that individuals with sensory dysfunction, including hearing loss, may
experience reduced auditory and spatial awareness of their immediate surroundings, making
them more likely to experience accidents and accidental injury (Campos et al., 2018). Finally,
hearing loss may increase cognitive load (Pichora-Fuller et al., 2016), reducing the cognitive
capacity remaining for balance, perhaps especially during walking (Viljanen, Kaprio, Pyykkö,
Sorri, Koskenvuo, et al., 2009). In support of this proposed mechanism, previous research
suggests that even young adults tend to fall most frequently while walking, especially while
walking and talking simultaneously (Heijnen & Rietdyk, 2016), a highly cognitively demanding
dual-task situation (Raffegeau, Haddad, Huber, & Rietdyk, 2018). Recent work by Li and
colleagues (e.g. Bruce, et al. 2019; Carr, et al. 2020; Lau, et al. 2016) lends strong support to this
hypothesis, showing that increased listening demands may impair balance (Carr, et al. 2020), and
that listeners may prioritize safe walking over listening (Lau, et al. 2016), perhaps especially
listeners with hearing loss (Bruce, et al. 2019).
The present results are not able to definitively distinguish between these three possibilities. In
order to distinguish between the first (non-causal) hypothesis and the other two, it would be
advisable to include measurements of vestibular function, vertigo, and/or balance in future
14
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epidemiological datasets along with hearing-related measures (Heitz et al., 2019; Loprinzi &
Crush, 2016) . Additional experimental research could also be conducted to address the second
and third hypothesized mechanisms, for example to determine whether hearing loss imposes the
kind and degree of limitations on spatial awareness or cognitive processing that would be
required to increase fall and/or injury risk under specific circumstances (e.g. when walking while
talking) (see Bruce, et al. 2019; Carr, et al. 2020; Lau, et al. 2016; Helfer, et al. 2020 for
examples of work going in this direction).
Determining the role of different mechanisms by which hearing loss contributes to injury and fall
risk is important for developing hearing-based interventions to reduce mortality due to falls and
injury. For example, if it is shown that use of hearing aids by individuals with hearing loss
reduces fall or injury risk by improving spatial awareness and/or reducing cognitive load, this
information may be used to promote hearing aid adoption and retention among older adults
concerned about falling and injury. Furthermore, better identification of the mechanisms by
which hearing loss affects fall and injury risk may inform the adoption of specific remediation
strategies, especially if fall risk is attributable to different mechanisms in different individuals or
contexts. For example, use of binaural hearing aids and/or complex microphone arrays may
improve spatial awareness (Lundbeck et al., 2018), while noise reduction algorithms may reduce
cognitive load during communication (Sarampalis, Kalluri, Edwards, & Hafter, 2009). However,
different noise reduction methods have differential effects on spatial localization (Van den
Bogaert, Doclo, Wouters, & Moonen, 2008), meaning that cognitive load-related risks of falling
and injury may be better mitigated by a different type of acoustic processing algorithm than
would be optimal for reducing risks related to hearing-related loss of spatial awareness.
Limitations
15
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This study has several limitations. First, we used self-reported degree of hearing problems, not
objectively measured hearing impairment (i.e., via audiogram) and the relationship between
these two measures may vary (Kamil, Genther, & Lin, 2015). Second, we were unable to include
physiological or behavioral assessments of vestibular function or balance because vestibular
measures were not collected in the NHIS dataset and balance measures were collected only in
two years. Thus, unobserved characteristics, such as vestibular disorders, may bias our results by
attributing the negative consequences of vestibular dysfunction to hearing problems. Third, less
serious and fatal injuries were not included in this study, because the NHIS only collects
information of participants who sustained an injury serious enough to seek medical treatment
(i.e. hospitalization, ER, a doctor’s office, or a call to a medical professional). Fourth, injury
information was retrospective (injuries sustained in the past three months) and subject to recall
bias. Also, injury was reported by a single respondent for each family who may be unaware of
other family members’ injuries. This may introduce the possibility of underreporting. Fifth, the
NHIS sampling frame excludes institutionalized persons, however, persons institutionalized after
the NHIS interview were included in the linked NHIS-NDI data. The causal associations
between hearing problems, injury, and mortality should be interpreted with caution and more
prospective cohort studies should be taken to explore the extent of concomitant cochlear and
vestibular pathology.
Conclusions
In summary, participants who reported a lot of trouble hearing/deaf had a higher risk of death,
and survival time was significantly shorter, and this relationship held true for both middle-aged
and older adults. Both serious and minor injury mediated the relationship between the highest
level of hearing problems and mortality, as did fall-related but not non-fall related injury.
16
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However, looking across age groups, none of the mediating effects were significant for the
younger group (18-39), and minor injury was only a significant mediating factor for the oldest
participants (60+). Future research should be directed toward understanding the mechanisms by
which hearing impairment increases the risk of fall-related injury in particular, and how these
mechanisms are influenced by age and experience with hearing impairment.

17

Journal of Gerontology: Medical Sciences

Acknowledgements
Dongjuan Xu and Alex Francis wrote the first draft of the manuscript based on concept and
analyses designed and conducted by Dongjuan Xu. Melissa Newell contributed to revising the
manuscript together with Dongjuan Xu and Alex Francis. The authors are grateful to Professor
Sharon Christ (Purdue University, Departments of Statistics and Human Development and
Family Studies) for advice on statistical analyses. We have no conflicts of interest to declare.

18

Page 18 of 35

Page 19 of 35

Journal of Gerontology: Medical Sciences

References
1. Bainbridge, K. E., & Wallhagen, M. I. (2014). Hearing loss in an aging American
population: extent, impact, and management. Annual Review of Public Health, 35, 139152. https://doi.org/10.1146/annurev-publhealth-032013-182510
2. Genther, D. J., Betz, J., Pratt, S., Kritchevsky, S. B., Martin, K. R., Harris, T. B., Helzner,
E., Satterfield, S., Xue, Q.-L., Yaffe, K., Simonsick, E. M., Lin., F. R. for the Health
ABC Study (2015a). Association of hearing impairment and mortality in older adults.
Journals of Gerontology Series A: Biomedical Sciences and Medical Sciences, 70(1), 8590. https://doi.org/10.1093/gerona/glu094
3. Lin, H. W., Mahboubi, H., & Bhattacharyya, N. (2019). Hearing difficulty and risk of
mortality. Annals of Otology, Rhinology & Laryngology, 128(7), 614-618.
https://doi.org/10.1177/0003489419834948
4. Loprinzi, P. D., & Crush, E. (2016, 09). Sensory impairment, functional balance and
physical activity with all-cause mortality. Journal of Physical Activity and Health, 13(9),
980–987. https://doi.org/10.1123/jpah.2015-0692
5. Genther, D. J., Betz, J., Pratt, S., Martin, K. R., Harris, T. B., Satterfield, S., Bauer, D. C.,
Newman, A. B., Simonsick, E. M., and Lin, F. R. for the Health ABC Study (2015b).
Association between hearing impairment and risk of hospitalization in older adults.
Journal of the American Geriatrics Society, 63(6), 1146-1152.
https://doi.org/10.1111/jgs.13456
6. Heitz, E. R., Gianattasio, K. Z., Prather, C., Talegawkar, S. A., & Power, M. C. (2019).
Self‐reported hearing loss and nonfatal fall‐related injury in a nationally representative

19

Journal of Gerontology: Medical Sciences

sample. Journal of the American Geriatrics Society, 67(7), 1410-1416.
https://doi.org/10.1111/jgs.15849
7. Jiam, N. T. L., Li, C., & Agrawal, Y. (2016). Hearing loss and falls: A systematic review
and meta‐analysis. The Laryngoscope, 126(11), 2587-2596.
https://doi.org/10.1002/lary.25927
8. Lin, F. R., & Ferrucci, L. (2012). Hearing loss and falls among older adults in the United
States. Archives of Internal Medicine, 172(4), 369-371.
https://doi.org/10.1001/archinternmed.2011.728
9. Lin, H. W., Mahboubi, H., & Bhattacharyya, N. (2018). Self-reported hearing difficulty
and risk of accidental injury in US adults, 2007 to 2015. JAMA Otolaryngology–Head &
Neck Surgery, 144(5), 413-417. https://doi.org/10.1001/jamaoto.2018.0039
10. Mick, P., Foley, D., Lin, F., & Pichora-Fuller, M. K. (2018). Hearing difficulty is
associated with injuries requiring medical care. Ear and Hearing, 39(4), 631–644.
https://doi.org/10.1097/AUD.0000000000000535
11. Bergen, G., Stevens, M. R., & Burns, E. R. (2016). Falls and fall injuries among adults
aged≥ 65 years—United States, 2014. Morbidity and Mortality Weekly Report, 65(37),
993-998. https://doi.org/10.15585/mmwr.mm6537a2
12. Drew, J. A. R., & Xu, D. (2020). Trends in Fatal and Nonfatal Injuries Among Older
Americans, 2004–2017. American Journal of Preventive Medicine, doi:
10.1016/j.amepre.2020.1001.1008
13. Xu, D., & Drew, J. A. R. (2016). Cause, nature and care-seeking behaviour for injuries
among community-dwelling older adults, USA, 2004–2013. Injury Prevention, 22(1), 4651. https://doi.org/10.1136/injuryprev-2015-041583

20

Page 20 of 35

Page 21 of 35

Journal of Gerontology: Medical Sciences

14. Hartholt, K. A., Lee, R., Burns, E. R., & Van Beeck, E. F. (2019). Mortality from falls
among US adults aged 75 years or older, 2000-2016. JAMA, 321(21), 2131-2133.
https://doi.org/10.1001/jama.2019.4185
15. Goman, A. M., & Lin, F. R. (2016). Prevalence of hearing loss by severity in the United
States. American Journal of Public Health, 106(10), 1820-1822.
https://doi.org/10.2105/AJPH.2016.303299
16. Helfer, K. S., & Jesse, A. (2020). Hearing and Speech Processing in Midlife. Hearing
Research, 108097. https://doi.org/10.1016/j.heares.2020.108097
17. National Center for Health Statistics. Office of Analysis and Epidemiology. Analytic
Guidelines for NCHS 2011 Linked Mortality Files, August 2013. Hyattsville, Maryland.
https://www.cdc.gov/nchs/data/datalinkage/2011_linked_mortality_analytic_guidelines.p
df
18. IPUMS Health Surveys. User Note-Sampling Weights. Accessed on February 12, 2021.
https://nhis.ipums.org/nhis/userNotes_weights.shtml
19. Lopez, D., McCaul, K. A., Hankey, G. J., Norman, P. E., Almeida, O. P., Dobson, A. J.,
Byles, J. M., Yeap, B. B., & Flicker, L. (2011). Falls, injuries from falls, health related
quality of life and mortality in older adults with vision and hearing impairment–is there a
gender difference? Maturitas, 69(4), 359–364.
https://doi.org/10.1016/j.maturitas.2011.05.006
20. Lee, W., Chang, Y., Shin, H., & Ryu, S. (2020). Hearing loss and risk of overall, injuryrelated, and cardiovascular mortality: The Kangbuk Samsung Health Study. Journal of
Clinical Medicine, 9, 1415/ https://doi.org/10.3390/jcm9051415

21

Journal of Gerontology: Medical Sciences

21. Campo, P., Morata, T. C., & Hong, O. (2013). Chemical exposure and hearing loss.
Disease-a-month: DM, 59(4), 119-138. https://doi.org/10.1016/j.disamonth.2013.01.003
22. Sedó-Cabezón, L., Boadas-Vaello, P., Soler-Martín, C., & Llorens, J. (2014). Vestibular
damage in chronic ototoxicity: a mini-review. Neurotoxicology, 43, 21-27.
https://doi.org/10.1016/j.neuro.2013.11.009
23. Yilmaz, N., Ila, K., Soylemez, E., & Ozdek, A. (2018). Evaluation of vestibular system
with vHIT in industrial workers with noise-induced hearing loss. European Archives of
Oto-Rhino-Laryngology, 275(11), 2659-2665. https://doi.org/10.1007/s00405-018-5125-y
24. Kamil, R. J., Betz, J., Powers, B. B., Pratt, S., Kritchevsky, S., Ayonayon, H. N., Harris,
T. B., Helzner, E., Deal, J. A., Martin, K., Peterson, M., Satterfield, S., Simonsick, E. M.,
and Lin, F. R. for the Health ABC Study (2016). Association of hearing impairment with
incident frailty and falls in older adults. Journal of Aging and Health, 28(4), 644-660.
https://doi.org/10.1177/0898264315608730
25. Campos, J., Ramkhalawansingh, R., & Pichora-Fuller, M. K. (2018). Hearing, selfmotion perception, mobility, and aging. Hearing Research, 369, 42-55.
https://doi.org/10.1016/j.heares.2018.03.025
26. Da, H. K., Lee, J. D., & Lee, H. J. (2015). Relationships among hearing loss, cognition
and balance ability in community-dwelling older adults. Journal of Physical Therapy
Science, 27(5), 1539-1542. https://doi.org/10.1589/jpts.27.1539
27. Viljanen, A., Kaprio, J., Pyykkö, I., Sorri, M., Pajala, S., Kauppinen, M., Koskenvuo, M.,
& Rantanen, T. (2009). Hearing as a predictor of falls and postural balance in older
female twins. Journals of Gerontology Series A: Biomedical Sciences and Medical
Sciences, 64(2), 312-317. https://doi.org/10.1093/gerona/gln015

22

Page 22 of 35

Page 23 of 35

Journal of Gerontology: Medical Sciences

28. Zuniga, M. G., Dinkes, R. E., Davalos-Bichara, M., Carey, J. P., Schubert, M. C., King,
V. M., Walston, J., & Agrawal, Y. (2012). Association between hearing loss and saccular
dysfunction in older individuals. Otology & Neurotology, 33(9), 1586-1592.
https://doi.org/10.1097/MAO.0b013e31826bedbc
29. Guest, M., Boggess, M., D'Este, C., Attia, J., & Brown, A. (2011). An observed
relationship between vestibular function and auditory thresholds in aircraft-maintenance
workers. Journal of Occupational and Environmental Medicine, 53(2), 146-152.
https://doi.org/10.1097/JOM.0b013e318204fa7f
30. Singh, N. K., Jha, R. H., Gargeshwari, A., & Kumar, P. (2018). Altered auditory and
vestibular functioning in individuals with low bone mineral density: a systematic review.
European Archives of Oto-Rhino-Laryngology, 275(1), 1-10.
https://doi.org/10.1007/s00405-017-4768-4
31. Pichora-Fuller, M. K., Kramer, S. E., Eckert, M. A., Edwards, B., Hornsby, B. W.,
Humes, L. E., Lemke, U., Lunner, T., Matthen, M., Mackersie, C. L., Naylor, G.,
Phillips, N. A., Richter, M., Rudner, M., Sommers, M. S., Tremblay, K. L., & Wingfield,
A. (2016). Hearing impairment and cognitive energy: The framework for understanding
effortful listening (FUEL). Ear and Hearing, 37, 5S-27S.
https://doi.org/10.1097/AUD.0000000000000312
32. Viljanen, A., Kaprio, J., Pyykkö, I., Sorri, M., Koskenvuo, M., & Rantanen, T. (2009).
Hearing acuity as a predictor of walking difficulties in older women. The Journal of the
American Geriatrics Society, 57(12), 2282-2286. https://doi.org/10.1111/j.15325415.2009.02553.x

23

Journal of Gerontology: Medical Sciences

33. Heijnen M.J. & Rietdyk S. (2016). Falls in young adults: Perceived causes and
environmental factors assessed with a daily online survey. Human Movement Science, 46,
86-95. https://doi.org/10.1016/j.humov.2015.12.007
34. Raffegeau, T.E., Haddad, J.M., Huber, J.E. and Rietdyk, S., 2018. Walking while talking:
young adults flexibly allocate resources between speech and gait. Gait & Posture, 64, 5962. https://doi.org/10.1016/j.gaitpost.2018.05.029
35. Bruce, H., Aponte, D., St. Onge, N., Phillips, N. A., Gagné, J.-P., & Li, K. Z. H. (2017).
The effects of age and hearing loss on dual-task balance and listening. Journal of
Gerontology: Psychological Sciences, 74, 275-283.
https://doi.org/10.1093/geronb/gbx047
36. Carr, S., Pichora-Fuller, M., Li, K., & Campos, J. (2020). Effects of age on listening and
postural control during realistic multi-tasking conditions. Human Movement Science, 73,
102664. https://doi.org/10.1016/j.humov.2020.102664
37. Lau, S. T., Pichora-Fuller, M. K., Li, K. Z. H., Singh, G., & Campos, J. (2016). Effects of
hearing loss on dual-task performance in an audiovisual virtual reality simulation of
listening while walking. Journal of the American Academy of Audiology, 27, 567-587.
https://doi.org/10.3766/jaaa.15115
38. Helfer, K. S., Freyman, R. L., van Emmerik, R., & Banks, J. (2020). Postural control
while listening in younger and middle-aged adults. Ear and Hearing, 41(5), 1383-1396.
39. Lundbeck, M., Hartog, L., Grimm, G., Hohmann, V., Bramsløw, L., & Neher, T. (2018).
Influence of multi-microphone signal enhancement algorithms on the acoustics and
detectability of angular and radial source movements. Trends in Hearing, 22,
2331216518779719. https://doi.org/10.1177/2331216518779719

24

Page 24 of 35

Page 25 of 35

Journal of Gerontology: Medical Sciences

40. Sarampalis, A., Kalluri, S., Edwards, B., & Hafter, E. (2009). Objective measures of
listening effort: Effects of background noise and noise reduction. Journal of Speech,
Language, and Hearing Research, 52(5), 1230-1240. https://doi.org/10.1044/10924388(2009/08-0111)
41. Van den Bogaert, T., Doclo, S., Wouters, J., & Moonen, M. (2008). The effect of
multimicrophone noise reduction systems on sound source localization by users of
binaural hearing aids. The Journal of the Acoustical Society of America, 124(1), 484-497.
https://doi.org/10.1121/1.2931962
42. Kamil, R. J., Genther, D. J., & Lin, F. R. (2015). Factors associated with the accuracy of
subjective assessments of hearing impairment. Ear and Hearing, 36(1), 164.
https://doi.org/10.1097/AUD.0000000000000075

25

Journal of Gerontology: Medical Sciences

Page 26 of 35

Table 1. Characteristic of the population of community-dwelling adults, 2004-2014.
Self-Reported Hearing Problems
All

Excellent/good

A little /moderate

A lot of

trouble

trouble/deaf

Percent (95% CI)

Percent (95% CI)

Percent (95% CI)

Percent (95% CI)

(sample

(sample N=

(sample N=

(sample N= 8,114)

N=310,787)

259,139)

43,534)

(population N=

(population N=

(population

(population N=

5,457,967)

224,166,351)

N=188,387,977)

30,320,407)

Self-reported hearing problems
excellent/good

84.0 (83.8−84.3)

a little /moderate trouble

13.5 (13.3 −13.7)

a lot of trouble/deaf

2.4 (2.4−2.5)

Death

6.3 (6.2−6.5)

4.8 (4.6−4.9)

12.4 (12.0−12.8)

27.2 (25.9−28.4)

Injury

2.8 (2.7−2.9)

2.6 (2.5−2.6)

3.9 (3.6−4.1)

4.3 (3.8−4.9)
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fall

1.0 (0.9−1.0)

0.8 (0.8−0.9)

1.6 (1.5−1.8)

2.2 (1.9−2.7)

non-fall injury

1.8 (1.8−1.9)

1.7 (1.7−1.8)

2.3 (2.1−2.5)

2.1 (1.7−2.5)

minor injury

1.3 (1.2−1.3)

1.2 (1.1−1.2)

1.7 (1.6−1.9)

1.7 (1.4−2.1)

serious injury

1.5 (1.5−1.6)

1.4 (1.4−1.5)

2.1 (2.0−2.3)

2.6 (2.2−3.1)

46.0 (45.9−46.2)

43.6 (43.5−43.8)

57.5 (57.3−57.8)

66.0 (65.5−66.5)

18-39

39.6 (39.1−40.0)

44.3 (43.9−44.8)

15.6 (15.1−16.2)

8.0 (7.2−8.8)

40-59

36.6 (36.3−36.9)

36.9 (36.5−37.2)

36.8 (36.1−37.4)

24.4 (23.1−25.7)

60+

23.9 (23.5−24.2)

18.8 (18.5−19.1)

47.6 (46.8−48.4)

67.7 (66.3−69.1)

male

48.2 (48.0−48.5)

46.6 (46.3−46.8)

56.6 (56.0−57.2)

58.8 (57.4−60.1)

female

51.8 (51.5−52.0)

53.4 (53.2−53.7)

43.4 (42.8−44.0)

41.2 (39.9−42.6)

non-Hispanic white

69.0 (68.4−69.5)

66.3 (65.8−66.9)

82.4 (81.8−82.9)

85.9 (84.9−86.8)

non-Hispanic black

11.7 (11.3−12.0)

12.6 (12.2−13.0)

6.9 (6.5−7.3)

4.8 (4.2−5.3)

other

19.4 (19.0−19.8)

21.1 (20.6−21.5)

10.8 (10.3−11.2)

9.4 (8.6−10.2)

Severity of injury

Age (mean, year)

Sex

Race/ethnicity
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Marital status
separated/divorced/windowed/never 38.3 (37.9−38.7)

38.7 (38.3−39.2)

35.6 (35.0−36.3)

38.6 (37.3−40.0)

61.7 (61.3−62.1)

61.3 (60.8−61.7)

64.4 (63.8−65.0)

61.4 (60.0−62.7)

less than high school

12.8 (12.5−13.1)

12.2 (11.9−12.5)

14.7 (14.2−15.1)

23.3 (22.2−24.5)

high school graduate

29.9 (29.6−30.2)

29.3 (28.9−29.6)

32.9 (32.3−33.6)

35.1 (33.8−36.5)

some college

30.1 (29.8−30.4)

30.3 (29.9−30.6)

29.9 (29.3−30.5)

25.7 (24.4−27.0)

college graduate

27.2 (26.8−27.7)

28.3 (27.8−28.8)

22.5 (21.9−23.2)

15.9 (14.9−16.9)

hypertension

28.6 (28.3−28.9)

24.9 (24.6−25.2)

46.7 (46.1−47.3)

55.1 (53.7−56.5)

stroke

2.6 (2.5−2.7)

1.8 (1.8−1.9)

5.8 (5.5−6.0)

11.2 (10.4−12.1)

angina pectoris

2.2 (2.1−2.2)

1.4 (1.4 − 1.5)

5.4 (5.2−5.7)

9.6 (8.8−10.5)

heart attack

3.3 (3.2−3.3)

2.2 (2.2−2.3)

7.7 (7.4−7.9)

13.7 (12.8−14.6)

coronary heart disease

4.4 (4.3−4.5)

3.1 (3.0−3.2)

10.4 (10.1−10.8)

18.2 (17.2−19.3)

heart condition/disease

7.4 (7.2−7.5)

5.9 (5.8−6.1)

14.1 (13.7−14.5)

20.6 (19.5−21.7)

married
married/partnered
Education

Health conditions
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cancer

7.9 (7.8−8.1)

6.3 (6.2−6.4)

15.5 (15.0−16.0)

21.8 (20.7−22.8)

diabetes

8.5 (8.3−8.6)

7.0 (6.9−7.2)

15.2 (14.8−15.6)

20.3 (19.2−21.5)

vision problems

9.4 (9.2−9.6)

7.5 (7.3−7.6)

18.6 (18.1−19.2)

24.1 (22.9−25.4)

Note: Statistics are population weighted. CI: confidence interval.
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Table 2. Associations between hearing problems and risk of mortality, injury, fall, non-fall injury, and severity of injury,
respectively.
All (18+ years old)

18-39 years old

40-59 years old

60+ years old

1.00 (0.98-1.03)

0.98 (0.85-1.13)

0.98 (0.93-1.04)

0.98 (0.96-1.01)

1.17*** (1.13-1.21)

1.17 (0.86-1.58)

1.17** (1.05-1.31)

1.12*** (1.08-1.17)

a little/moderate trouble

1.32*** (1.25-1.39)

1.58*** (1.39-1.80)

1.42*** (1.30-1.56)

1.16*** (1.07-1.27)

a lot of trouble/deaf

1.38*** (1.24-1.53)

1.63** (1.14-2.34)

1.72*** (1.39-2.12)

1.23** (1.08-1.41)

a little/moderate trouble

1.32*** (1.25-1.40)

1.59*** (1.40-1.81)

1.42*** (1.30-1.56)

1.16*** (1.07-1.27)

a lot of trouble/deaf

1.38*** (1.24-1.54)

1.64** (1.15-2.35)

1.71*** (1.39-2.11)

1.23** (1.08-1.41)

a little/moderate trouble

1.31*** (1.21-1.43)

1.71*** (1.36-2.16)

1.51*** (1.29-1.76)

1.21** (1.07-1.37)

a lot of trouble/deaf

1.38*** (1.19-1.60)

2.22* (1.21-4.07)

1.94*** (1.41-2.66)

1.33* (1.07-1.65)

Mortality
a little/moderate trouble
a lot of trouble/deaf
Injury

Severity of Injury

Fall

Non-Fall Injury
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a little/moderate trouble

1.33*** (1.23-1.43)

1.54*** (1.33-1.79)

1.38*** (1.23-1.55)

1.13* (1.01-1.27)

a lot of trouble/deaf

1.32*** (1.13-1.55)

1.44 (0.93-2.22)

1.60*** (1.23-2.08)

1.16 (0.97-1.37)

Notes: *p<0.05 **p<0.01 ***p<0.001. Bold values indicate statistical significance. The numbers in brackets are 95% confidence
interval. All models control for sociodemographic characteristics (age, sex, race/ethnicity, education, and marital status), and health
conditions (vision problem, diabetes, cancer, stroke, angina pectoris, hypertension, coronary heart disease, heart attack, and other heart
condition/disease). When the outcome was mortality, we used the linked 1997-2014 NHIS-NDI data files; when the outcomes were
injury-related variables, we used 2004-2017 pooled NHIS data files.
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Table 3. Direct effects and indirect effects of self-reported hearing problems (a lot of trouble/deaf) on mortality mediated by
injury, fall, minor, or serious injury.
All (18+ years old)
Mediator

40-59 years old

60+ years old

Indirect

Total

Indirect Effect/

Indirect

Total

Indirect Effect/

Indirect

Total

Indirect Effect/

Effect

Effect

Total Effect

Effect

Effect

Total Effect

Effect

Effect

Total Effect

Injury

0.15

0.35

43% (32%-55%)

0.13

0.33

38% (4%-71%)

0.14

0.28

51% (35%-66%)

Minor injury

0.09

0.29

30% (9%-51%)

-

-

-

0.08

0.22

38% (11%-64%)

Serious injury

0.19

0.39

49% (38%-61%)

0.13

0.34

39% (2%-76%)

0.17

0.31

56% (41%-72%)

Fall-related injury

0.27

0.47

57% (47%-68%)

0.34

0.55

62% (36%-88%)

0.19

0.33

59% (44%-73%)

Note: The numbers in brackets are 95% confidence interval. No mediation effects among adults aged 18-39 years old. Minor injury
did not mediate the association between a lot of trouble hearing/deaf and mortality among adults aged 40-59 years old.
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Figure Captions
Figure 1. Comparative Kaplan–Meier survival curves for participants aged 18 and older, and
stratified by age groups, 1997-2014.
Figure 2. Structural equation and mediation models using data from all participants, (18+ years
old) for (A) The mediating role of injury in the association between hearing problems and
mortality; (B) The mediating role of fall and non-fall injury in the association between hearing
problems and mortality; and (C) The mediating role of minor and serious injury in the
association between hearing problems and mortality. Numbers are coefficients. * p < 0.05 *** p
< 0.001.

33

Journal of Gerontology: Medical Sciences

Figure 1. Comparative Kaplan–Meier survival curves for participants aged 18 and older, and stratified by age
groups, 1997-2014.
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Figure 2. Structural equation and mediation models using data from all participants, (18+ years old) for (A)
The mediating role of injury in the association between hearing problems and mortality; (B) The mediating
role of fall and non-fall injury in the association between hearing problems and mortality; and (C) The
mediating role of minor and serious injury in the association between hearing problems and mortality.
Numbers are coefficients. * p < 0.05 *** p < 0.001.
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