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ARTICLE INFO ABSTRACT

Keywords: Background and Objectives: Hearing loss (HL) is a public health problem affecting older adults. HL is not only a
Aging health condition but also a complex, dynamic phenomenon related to disability. Previous studies identified
Heari_ng loss associations between HL and undesirable outcomes; however, their correlation remains inconclusive. Hearing
Impairment loss can have profound impact on daily life in the elderly, and an understanding of how HL contributes to
;\Zﬁivclgaltl::i:;?imon disability is needed. A systematic review was conducted to comprehensively examine current evidence and
determine the association between HL and disability regarding impairment, activity and participation in older
adults.
Research Design and Methods: The Meta-analysis Of Observational Studies in Epidemiology (MOOSE) guidelines
were applied in this systematic review. Quality assessment was conducted using the Newcastle-Ottawa Scale for
longitudinal studies and the Joanna Briggs Institute (JBI) Critical Appraisal Checklist for cross-sectional studies.
Results: In this systematic review of 20 studies, HL was associated with mobility limitation, activity limitation
and participation restriction. The severity of HL was associated with impaired mobility and physical perfor-
mance, but the association was only found in persons with severe/major HL. HL was also associated with ac-
tivities of daily living (ADL) dependency, however these findings were mainly based on cross-sectional studies.
Discussion and Implications: HL is related to disability by impairment, activity limitations or participation re-
strictions in older adults. Future studies should include participation restrictions as a mediation factor to better
understand this association. Consistent and accurate hearing measurements and hearing loss criteria are also
required to determine the impact of HL on disability.

1. Introduction Disorder, 2018). The severity of hearing loss varies from slight/mild to

profound (World Health Organization, 2019). Hearing loss is often used

Hearing loss is a common chronic condition affecting older adults
(Kiely et al., 2016). As the ageing population has increased, hearing loss
has become a public health problem. Previous studies have identified
certain associations between hearing loss and undesirable outcomes,
such as affected mental health (Contrera et al., 2016; Gates & Mills,
2005; Mikkola et al., 2016), deterioration of quality of life (Ishine,
Okumiya, & Matsubayashi, 2007; Polku et al., 2016), cognitive decline
(Gates & Mills, 2005), impaired mobility (Viljanen, Kaprio, Pyykko,
Sorri, Koskenvuo et al., 2009), restriction of daily activities and falls
(Jiam, Li, & Agrawal, 2016), but the correlation between hearing loss
and these undesired outcomes remains inconclusive.

Hearing loss is defined as a sudden or gradual decline in the audi-
tory system (National Institute on Deafness and Other Communication
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interchangeably with age-related hearing loss and presbycusis (Gates &
Mills, 2005). According to the International Classification of Func-
tioning, Disability, and Health (ICF), hearing loss is not only a health
condition but also a complex, dynamic phenomenon regarding im-
pairment, activity, participation and contextual factors (World Health
Organization, 2013). Therefore, there is a need to explore how hearing
loss can contribute to disability with respect to impairment, activity
limitation and participation restriction.

Several mechanical pathways involved in increasing cognitive and
attention resources and impairing psychosocial conditions explain the
association between hearing loss and disability. First, degeneration of
the cochlea, which dominates neural encoding of sounds, is the main
pathology in hearing loss. Cognitive and attention resources will then
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have to share the load with sound signal processing. The overload of
cognitive and attention resources is not only related to the risk of fall
(Jiam et al., 2016) but also critical elements contributing to disability.
Second, elderly persons with greater hearing loss may have commu-
nication problems, which could affect their self-esteem and cause social
isolation and loneliness, worsening their physical functioning (Chen,
Genther, Betz, & Lin, 2014; Gates & Mills, 2005).

Hearing loss can have a profound impact on daily life in the elderly.
As age advances, reduced cognition, motor problems and multiple co-
morbidities are frequently reported among the elderly and often been
seen as process of aging. However, all of these factors become wosen
when hearing loss developing gradually in the elderly. An under-
standing of how hearing loss can contribute to disability is needed. A
systematic review was conducted to comprehensively examine current
evidence and determine the association between hearing loss and dis-
ability regarding impairment, activity and participation in older adults.
We adopted the World Health Organization (WHO) model of the
International Classification of Functioning, Disability and Health (ICF)
as a conceptual framework for exploring this association.

2. Methods
2.1. Search strategy

The Meta-analysis Of Observational studies in Epidemiology
(MOOSE) guidelines were applied (Stroup et al., 2000). The search
strategy was developed in conjunction with an experience investigator
(Yu-Chen Liu) expertise in systematic reviews to avoid publication bias
and ensure the search quality. A comprehensive systematic literature
search was conducted through November 2018 to December 2018.
Studies were identified using online libraries, including PubMed, Co-
chrane Library (CENTRAL, via the Cochrane Library) and CINAHL. The
search algorithm included all possible combinations of (1) ageing, el-
derly, geriatrics; (2) hearing loss, impairment, deaf; (3) disability, ac-
tivity limitations. The specific search algorithm is provided in Appendix
A. Reference lists from the selected articles were also used to identify
additional studies that met the inclusion criteria.

2.2. Eligibility criteria

Studies were included if (1) the subjects were at least 60 years old;
(2) participants self-reported or were diagnosed as having hearing loss
in one or both ears regardless of hearing aid usage; (3) the outcome
measurement of the study incorporated any ICF components, including
impairments, activity limitations and participation restrictions; (4)
Cross-sectional and longitudinal study research; (5) articles were pub-
lished in English. Studies were excluded if the outcome measurement of
the study did not meet the ICF definition or if the hearing ability did not
measure properly or if vision and hearing loss were combined as a
construct. Two investigators (T. Z. L and M.Y) independently reviewed
the title, abstract, and full text of publications during inclusion
screening. Disagreements were discussed and resolved by a third re-
searcher (Y. C. L).

2.3. Data extraction and quality assessment

Two investigators (T. Z. L and M.Y) independently extracted data
from all included studies (Table 1). The extracted information included
authors, country, terms used to describe hearing loss, study design,
sample demographics, definition and measurement of hearing loss, and
measurement of disability. The data were independently checked again
by one of the investigators for accuracy. Discrepancies were discussed
as consensus was achieved.

Quality evaluation of the selected studies was conducted using the
Newcastle-Ottawa Scale (NOS) and the Joanna Briggs Institute (JBI)
critical appraisal checklist for longitudinal and cross-sectional studies,
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respectively. The NOS scale includes 8 items evaluating four dimen-
sions including sample selection and representativeness, comparability,
and outcome assessment. Each item is awarded a maximum of one star
except for the domain of ‘Comparability’ which is awarded a maximum
of two stars. More stars indicate a higher quality study (Stang, 2010).
The JBI critical appraisal checklist contains 8 items assessing sample
selection criteria, subject description, measurement of exposure, mea-
surement of subject condition, confounding factors identification,
control of confounding factors, outcome assessment, and statistical
analysis. Each item is categorized as yes, no, unclear, or not applicable
(Joanna Briggs Institute, 2016).

3. Results
3.1. Studies included in the review

The initial database searches identified 2508 articles for review. A
total of 2139 titles were screened after 369 duplicates were removed.
After 2086 articles were excluded based on title, 53 articles were
screened, and 25 full-text were reviewed for eligibility. Twenty articles
met inclusion criteria for literature synthesis (Fig. 1). Quality of the
studies ranged from fair to good (Tables 2 and 3). Funnel plots could
not be performed to assess publication bias as less than 10 studies were
included for each outcome (Dalton, Bolen, & Mascha, 2016).

All studies were written in English. Eight studies used cross-sec-
tional designs, and 12 were longitudinal studies. Studies were con-
ducted internationally, in the United States (n = 6), Finland (n = 6),
Japan (n = 3), and the United Kingdom, Italy, Australia, Norway and
France (n = 1 each). Sample sizes ranged from 84 to 9447 participants.
The age of the participants ranged from 63 to 99 years old. The terms
used to describe hearing loss included hearing impairment (n = 8),
hearing difficulty (n = 3), hearing loss (n = 3), hearing problem
(n = 3), age-related hearing loss (n = 1), and hearing function (n = 1).
The prevalence of hearing loss in older adults ranged from 19.9% to
69.3%, with 32.5% to 52.6% having mild loss and 10% to 50.4% having
moderate loss.

Seven studies used pure-tone audiometry to measure hearing loss,
and 12 studies described a self-reported questionnaire using one to
three items across studies. One study used both objective and subjective
measurements (Table 1). One studies measured hearing loss with the
Hearing Handicap Inventory for the Elderly Screening Version (HHIE-
S), a self-reported questionnaire with good psychometric properties.
The reliability of HHIE-S has been reported as Cronbach’s alpha coef-
ficient from 0.77 (Oberg, 2016) to 0.91 (Tomioka et al., 2013). Cri-
terion validity of the HHIE-S with pure-tone audiometry (PTA) in Ja-
panese elderly population was r = 0.69 (Tomioka et al., 2013) and
r = 0.52 in Taiwanese elders (Chang, Ho, & Chou, 2009). Eleven studies
that detect hearing loss with subjective questionnaires did not report
psychometric properties.

The criteria of hearing loss also differed across the studies. Among
the studies that measured hearing loss with pure-tone audiometry, only
four adopted the WHO standard, which defines hearing loss as greater
than 25 decibels (Studies 11-14). Others defined hearing loss as greater
than 20 decibels (Study 8), 21 decibels (Study 19), 39 decibels (Study 1)
or 40 decibels (Study 20). In studies that used a subjective ques-
tionnaire, the definition of hearing loss also varied across studies, such
as “I have a little difficulty hearing and understanding what a person
says to me in a quiet room if they speak normally to me” and HHIE-S
scores greater than 8.

Disability was described as impairment, activity limitations or
participation restrictions within the domains defined in ICF framework.
Impairments are understood to be problems related to body function
and structure. Activity limitations refer to difficulties in executing ac-
tivities or task. Participation restrictions are defined as problems re-
lating to experience in involvement in life situations. Seven studies
investigated the association between hearing loss and impairment.
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Fourteen studies explored the association between hearing loss and
activity limitations. Six studies discussed the association between
hearing loss and participation restrictions.

3.2. Results of the reviewed studies

3.2.1. Impairment

As evident in Table 1, the most commonly examined association was
mobility limitation (Studies 7, 10, 13, and 16). The outcomes of these
studies demonstrated that participants with hearing loss had mobility
limitations; however, in one study, this association was attenuated after
adjusting for social engagement (Study 10). Compared to elderly per-
sons with normal hearing, those with more severe hearing loss had a
greater possibility of mobility limitations (Studies 7, 13, and 16). Only a
few studies investigated the association between hearing loss and
walking speed, walking difficulty, handgrip strength or physical per-
formance, including gait speed, chair stand or balance. The outcomes of
these studies revealed that associations exist for all variables. No studies
were included in the meta-analysis due to their differences in mea-
surements or insufficient data.

3.2.2. Activity limitation

Seven studies revealed that hearing loss was associated with activ-
ities of daily living (ADL) dependency (Studies 5, 11-13, 15, 16, and
18). Four of these studies found that elderly persons with moderate/
severe hearing loss have a higher probability of ADL dependency than
elderly persons with good hearing; this finding was not true for those
with mild hearing loss (Studies 5, 11, 15, and 16). The association
between hearing loss and activity limitation existed in all cross-sec-
tional studies (Studies 13, 15, 16, and 18) but not in four longitudinal
studies (Studies 1, 2, 9, and 10). However, different ADL measurements
and incomplete data prohibited a meta-analysis calculation.

Four studies revealed that hearing loss was associated with instru-
mental activities of daily living (IADL) dependency (Studies 4, 10, 13,
and 16). Two of these studies, using the same assessment tool but dif-
ferent in follow-up periods, found that elderly persons with moderate/
severe hearing loss had a higher probability of IADL dependency than
those with good hearing (Studies 10 and 16).

3.2.3. Participation restriction

The majority of studies identified that hearing loss was associated
with time spent outside of the home, withdrawal from leisure activity,
participation in social/leisure activities, and social roles. However, two
studies concluded that the association only existed in persons without
difficulty ambulating (Study 6) or cognitive impairment (Study 17).

4. Discussion

The aim of this systematic review was to evaluate the association
between hearing loss and disability in older adults. In this systematic
review of 20 studies, hearing loss was associated with mobility lim-
itations, activity limitations and participation restrictions. Severity of
hearing loss was associated with mobility limitations and physical
performance but that the association was only found in elderly persons
with severe/major hearing loss. A possible explanation could be that
hearing loss in the elderly is often the result of degeneration of the
vestibular system and cochlea, which contributes to balance problems
and poorer physical performance. The deteriorated cochlea can impact
the neural encoding of sounds, placing greater burden on the elders
cognitive and attention resources. These mechanisms contribute to
physical performance and function (Chen et al., 2015).

According to studies that assessed IADL with TMG-IC, hearing loss is
associated with IADL dependency. IADL assessment was designed to
measure abilities that are required to maintain independence. However,
communication is an essential element to execute activities in daily life.
Communication problems resulting from hearing loss may increase the
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Articles identified through
database searching
(n=2,508)

¥

Title screened after

(n=2.139)

duplicates removed

Abstracts screened
(n=53)

Abstracts excluded
(n=28)

.

Full-text articles assessed No control of confounding
for eligibility factors (n=1)
(n=25) HL not measured
appropriately (n = 1)
Age < 60 years old (n =2)
Samples from the same
Studies included in cohort (n=1)
qualitative synthesis
(n=20)

Fig. 1. Flow chart of systematic literature review.

extent of IADL dependency. Alternatively, IADL are associated with
social engagement (Ishizaki, Watanabe, Suzuki, Shibata, & Haga, 2000;
Tomioka, Kurumatani, & Hosoi, 2016). Being more socially engaged
can strengthen one’s motivation for maintaining daily activities, re-
sulting in greater life satisfaction, improved self-esteem and provide
more opportunities to obtain health knowledge to maintain IADL in-
dependency (Tomioka et al., 2016). Hearing loss is associated with
participation restrictions. Social participation levels may play a med-
iating role in hearing and IADL. Some inconsistencies in the study de-
sign regarding follow-up periods, and the measurement and criteria of
hearing loss should be noticed. The follow-up periods in Tomioka,
Okamoto, Morikawa, and Kurumatani (2015) and Yamada, Nishiwaki,
Michikawa, and Takebayashi (2012) were five and three years, re-
spectively. Although both studies used a single question to detect
hearing loss, Tomioka, Okamoto et al. (2015) achieved acceptable va-
lidity and reliability in their measurements, but no psychometric ana-
lyses were found in Yamada et al. (2012). Finally, Tomioka, Okamoto
et al. (2015) classified participants as having hearing loss if they an-
swered “yes” when questioned, which is equal to moderate hearing loss
with pure-tone audiometry according to the WHO standard. However,
participants with a “little” or “a lot of” difficulty hearing were regarded
as having hearing loss by Yamada et al. (2012).

There were several limitations of this study. Not only hearing
measurements and thresholds but also confounding factors varied in the
included studies. While hearing loss was associated with ADL de-
pendency, the findings were based on cross-sectional studies, with the
association did not exist in longitudinal studies. Thus, a causal re-
lationship between hearing loss and ADL dependency cannot be de-
termined with the current literature. Another limitation is the relatively
short follow-up time, which limits our understanding of the longer term
effects of hearing loss on disability.

5. Conclusion

As longevity increases, hearing loss will have a dramatic impact on
the lives of millions of older people. Although there have been many
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studies investigating the impact of hearing loss on disability in older
adults, many variations exist in the measurement of hearing, with non-
conclusive results. The research definition of hearing loss should adhere
to a universal definition, such as the WHO classification of hearing
impairment. The reliability and validity of self-reported questionnaires
designed to measure hearing loss should also be tested. The present
study found that hearing loss was associated with participation re-
strictions. Participation restrictions are also a key factor in mediating
the association between hearing loss and disability. Future studies
should include participation restrictions as a mediation factor to better

Appendix A. Keyword search strategy
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