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Abstract

Introduction: This study aims to examine the factors associated with self-reported
hearing disability and early reduction in disability after first-time hearing aid (HA) fitting
in Singapore.

Methods: Retrospective record review of 1,068 subjects issued with HAs at a tertiary
hospital from 2001 to 2013.

Results: Subjects reporting >5 disabilities reduced from 90% to 24% after HA fitting.
‘Difficulty hearing in noise’ was the commonest disability before and after HA fitting, while
‘needs to increase volume of TV/radio’ was the disability with most improvement after
fitting. In multivariable models, having worse pure tone audiometry (PTA) thresholds
of the better hearing ear and being ethnically Chinese were associated with subjects
reporting more hearing disabilities. A higher proportion of subjects reported a reduction
rather than an absence of disability after HA fitting. In multivariable models, daily HA
usage for >4 hours, sensorineural hearing loss (HL) and worse PTA thresholds of the
better hearing ear were associated with reduction in more disabilities after HA fitting.

Conclusion: Hearing disability is high among first-time HA users in Singapore. Ethnicity
and PTA thresholds were associated with self-reported hearing disability. After HA
fitting, higher daily HA usage, sensorineural HL, and worse PTA thresholds of the better
hearing ear were associated with early reduction in disability. Patient counselling on
the benefits of HL rehabilitation could focus on hearing disability rather than PTA
thresholds. The management of patients’ expectations could focus on reducing rather than
eliminating disability.
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Introduction

The World Health Organization estimates that over 5%
of the world’s population suffers from disabling hearing
loss (HL), defined as better hearing ear pure tone
audiometry (PTA) thresholds of >40dB.' The 2016
Global Burden of Disease study ranked HL as the third
leading cause of years lived with disability globally.?

Impairment refers to the reduction in function of an
organ while disability describes its impact on day-to-
day activities. Handicap refers to the disadvantages
encountered by individuals in fulfilling their normal

roles.? Untreated hearing impairment can lead to hearing
disability like communication and sound localisation
difficulties. Hearing handicap includes education
disadvantage,* under-employment and unemployment,>¢
and impaired social relationships.”” Hearing aid (HA)
use is associated with improved social functioning and
employment opportunities,® improved cognition'* and
lower depression risks.!!

Self-reported hearing disabilities may be better than
PTA thresholds in predicting HA uptake,'>'"® use,
satisfaction'®!* and benefits.!> In spite of Singapore’s
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standing as a high income nation,'® the 2010 Singapore
National Health survey found that only 3.3% of
adults with disabling HL use HAs.!” This compares
unfavourably with other developed countries: 14.1%
in Japan,' 14.3% in the US,"” 18.4% in Taiwan,” and
38.6% in the UK.* Singaporeans seek help only when
HL is advanced.”? Only 36% of HA users reported
daily usage of >7 hours,” compared to the UK (52),*!
Switzerland (57%)? and Germany (58%).>*

Evaluation of the benefits of HA is challenging.
A review comparing speech tests with patient
questionnaires concluded that speech tests may not
represent benefits experienced in a real-world listening
environment.”® Findings from questionnaires, such as
the commonly used Hearing Handicap Inventory for
the Elderly (HHIE) before and after HA fitting may be
limited by errors in captured changes in benefits.?

This study was performed to answer the following
questions: (1) what are the hearing disabilities and how
severe are they in Singapore; (2) to what extent does HA
usage reduce hearing disability; and (3) what are the
factors associated with hearing disability and reduction in
hearing disability.

Methods

Design

A retrospective record review of consecutive first-time
HA users at Tan Tock Seng Hospital in Singapore
between 2001 and 2013 was performed.

Setting

Patients with suspected hearing impairment underwent
a diagnostic PTA. Those motivated to improve their
hearing were given a hearing aid evaluation (HAE)
appointment, followed by a hearing aid fitting
appointment, and a post-hearing aid fitting (PHAF)
appointment at least 1 month later, carried out by
audiologists using standardised protocols.

The Client Orientated Scale of Improvement (COSI),
which allows patients to nominate 5 listening situations
in which they need help, was shown to be as accurate
as the traditional and longer questionnaires in
quantifying hearing disability.” Using the COSI
methodology, a list of the 8 commonest self-reported
hearing disabilities was compiled, facilitating the
identification, quantification and management of each
patient’s hearing disability profile. These questions
were routinely administered before HAE and after HA
fitting (PHAF), facilitating the evaluation of early
changes in disabilities.

Questions 1 to 7 (Table 1) rated the level of difficulty
with conversation, hearing and function as ‘always’,
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‘sometimes’ or ‘never’. For question 8, ‘hearing loss
limits social life’, the level of difficulty was indicated
as ‘severe’, ‘moderate’, ‘slightly’ or ‘never’. This
response scale captures the level of individual disability
in finer granularity in comparison to a binary ‘yes/no’
response. However, all ‘never’ answers were delineated
as ‘no’ and all other answers were delineated as ‘yes’
to facilitate data analyses for hearing disability before
and after HA fitting (Table 1).

Subjects who chose not to answer were categorised
as ‘non-responders’ for the corresponding question.
Subjects had the option of answering ‘not applicable’
to ‘hearing loss affects job’ and ‘family member feels
frustrated’ (questions 6 and 7).

When analysing the change in hearing disability, a
reduction was defined as a change in response on the
scale towards improvement at PHAF (e.g. ‘always’ to
‘sometimes’, or ‘moderate’ to ‘slightly’). Absence of a
reduction was defined as no change at PHAF or changes
on the scale towards deterioration.

HL was determined by the 4 tone average hearing
thresholds at 0.5, 1, 2 and 4kHz tested independently for
each ear. This study was approved by the Institutional
Review Board (2013/00325). Waiver of consent was
granted as data were anonymised and aggregated
for analyses.

Statistical analysis

Statistical analyses were performed using Stata (version
13.1, StataCorp LP, College Station, US). Significance
tests were two-sided at the 5% significance level.
Categorical data were compared using the chi-square
test or Fisher’s exact test. Continuous data were
compared using the t-test and analysis of variance
(ANOVA, normally distributed) or the Mann-Whitney
U test and Kruskal-Wallis test (skewed). Results were
reported as count (n) and percentage by category for
categorical data; mean, standard deviation (SD) or
median; and interquartile range (IQR) for continuous
data. Bonferroni correction was done for multiple
comparisons for each type of difficulty at baseline and
follow-up. Factors associated with hearing disability
and reduction in disability were evaluated using
logistic regression models. The crude odds ratio (OR)
and adjusted odds ratio (AOR) are reported with the
95% confidence interval (CI).

Results

Of the 1,068 subjects, 92.3% responded to at least 1
question at HAE (baseline), 73.7% responded to at
least 1 question at PHAF (follow-up), and 71.3% had at
least 1 valid response for both. The median time from
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HAE to PHAF appointment was 2 months (IQR 1
month). For the cohort with mean age of 70 years, 78%
of subjects responded ‘not applicable’ to ‘hearing loss
affects job’ (Singapore’s retirement age is 62 years old).

The commonest disabilities where deterioration was
reported were ‘difficulty hearing in noise’ (98.6%),
‘difficulty with group conversation in quiet’ (97.4%),
and ‘needs to increase volume of TV/radio’ (95.1%). The
commonest residual disabilities at PHAF were ‘difficulty
hearing in noise’ (67.5%), ‘difficulty hearing over
the telephone’ (47.4%), and ‘difficulty with group
conversation in quiet’ (44.9%) (Table 1).

The commonest disabilities with reported reduction
were ‘needs to increase volume of TV/radio’ (84.0%),
‘difficulty with group conversation in quiet’ (81.7%)
and ‘difficulty with 1:1 conversation’ (78.9%), while the
least reported was ‘family member feels frustrated’
(62.0%). Subjects who reported a reduction in disability
included those with or without any residual disability.

Baseline disability was high with 90.2% reporting
>5 disabilities and 58.5% reporting >7 disabilities.
After HA fitting, the proportion dropped to 24.0% and
6.6%, respectively. Conversely, only 1.7% of subjects
had <2 disabilities at baseline but this increased to
53.1% after HA fitting.

The commonest disabilities where deterioration
was reported were ‘difficulty hearing over the telephone’
(5.7%), followed by ‘hearing loss limits social life’
(4.9%) and ‘family member feels frustrated’ (3.9%).

Comparison of responders and non-responders

Of the 1,068 subjects, 79.1% responded to all 8
questions at HAE, and 64.3% responded to all 8
questions at both HAE and PHAF. Responders and non-
responders were compared to assess for any responder
bias. Non-response was not question-specific and
ranged from 8.1-12.6% for HAE, and 27.3-30.9%
for both HAE and PHAF.

Compared to HAE responders, non-responders
had more bilateral fitting (16.9% versus 24.2%,
P=0.0006), but paid for HAs that cost less. Compared with
responders for both HAE and PHAF, non-responders
were more often fitted with in-ear custom HA, but paid
for HAs that cost less (Table 2). No other significant
difference was observed. Based on these results, we
expect non-responder bias to be minimal.

Baseline hearing disability at HAE

Subjects reporting more disabilities were older with
worse PTA thresholds, and subsequently had higher
daily usage (Table 3).

Table 1. Hearing disability before HAE and PHAF
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In multivariable models, after adjusting for age,
sex, laterality, and aided ear PTA, having worse PTA
thresholds of the better ear (AOR=1.06, 95% CI 1.04—1.08,
P<0.001) and being ethnically Chinese compared to
Malay (AOR=3.04, 95% CI 1.21-7.64, P=0.018) were
associated with subjects reporting >5 compared to
<4 disabilities at baseline (Table 4).

Reduction in hearing disability at PHAF

A reduction in >5 disabilities was reported by 67.5%
of the subjects at PHAF. Subjects with worse better
ear PTA thresholds and who used their HAs more
frequently reported reduction of more disabilities.

In multivariable models, after adjusting for age, sex,
ethnicity, HL symmetry, aided ear PTA, regularity of
usage (self-reported), and type of HA, worse better
ear PTA thresholds at baseline (AOR=1.03, 95%
CI 1.01-1.05, P<0.001), sensorineural HL compared
to combination type of HL (AOR=1.70, 95%
CI 1.02-2.83, P=0.041), and daily HA usage for
4-7 hours (AOR=1.86, 95% CI 1.24-2.80, P=0.003)
and >7 hours (AOR=2.30, 95% CI 1.51-3.52, P<0.001)
compared to <4 hours were associated with subjects
reporting reduction in >5 disabilities compared to
<4 disabilities at PHAF (Table 5).

Subjects who reported reduction in ‘difficulty with
1:1 conversation in quiet’ and ‘hearing loss limits social
life’ were more likely to use HA >7 hours daily, while
those who reported reduction in ‘family member
feels frustrated’ were more likely to use HA >4 days
per week.

Discussion

Compared to Malay subjects, Chinese subjects were more
likely to report >5 disabilities at HAE. This was despite
Malay subjects being more likely to present with more
severe HL (>55dB).?® Perception of hearing disability
is influenced by the socio-cultural norms of different
ethnic groups. Within Singapore, compared to Chinese
subjects, Malay subjects had lower odds of reporting
poor health despite having higher comorbidities.” >

HAs were self-funded during the study period. Subjects
with fewer hearing disabilities paid more for HAs, tended
to be younger, more likely to be employed and have
better insight into their condition, and also preferred
receiver in canal type HAs, which were more expensive.?

At the time of the study, HHIE was yet to be validated
for use in the Singapore population. Earlier attempts
at using HHIE found some questions to be difficult
and irrelevant within the socio-cultural context of
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Singapore. For example, many subjects would
answer ‘no’ to ‘do you feel handicapped by a hearing
problem?’ despite reporting significant difficulties
elsewhere in the questionnaire as the word ‘handicap’
may potentially carry a negative connotation. Another
question, ‘does a hearing problem cause you to attend
religious services less often than you would like?’
may not be relevant to certain subjects. A study on
338 elderly Singapore residents (92.5% of whom were
non-HA users) found poor correlation between HHIE
scores and severity of HL.%

However, our HA user subjects showed a good linear
correlation between the number of self-reported hearing
disabilities at baseline and better ear PTA thresholds.
The 10 HHIE questions focus mainly on emotional
and social difficulties,” whereas our 8 questions
directly assess various situational hearing disabilities.

Worse better ear PTA thresholds, sensorineural HL,
and higher daily HA use were independently associated
with subjects reporting more reduction in hearing
disabilities. European and Australian cohorts have
also reported positive correlations between hours of
HA use and HA satisfaction.?'**3° This association is
not surprising, but causality cannot be determined
from our study. Causality for whether subjects
used HAs more because of perceived reductions in
hearing disabilities or whether increased HA use led to
reduction in hearing disabilities can be further explored.

A Taiwanese study found that only 21.4% of 555
subjects with disabling HL (>40dB HL of the better
ear) reported themselves as hearing handicapped, using
a score of >10 as the cut-off on the HHIE-Screening.?'
While essential from an epidemiological viewpoint,
the binary ‘yes/no’ classification of hearing disability
has limited usefulness in managing individual patients.
Patients’ understanding of HL needs to move beyond
the ‘deaf” versus ‘not deaf” dichotomy.

Focusing on patients’ self-reported disability and
severity will help them understand the continuum of
disability. This personalised education and counselling
can help patients come to terms with the negative
impact HL may have on their quality of life. While
hearing disability is related to the severity of HL,*
patients’ willingness to wear HAs is poorly predicted
by the severity of their HL.® Instead, patients who
were functionally independent were more accepting
of HAs, as they were more likely to feel affected by
their hearing disability and handicap.*

The results of this study can also help in managing
patients’ expectations about HAs. For example, for
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Table 4. Unadjusted and adjusted OR and 95% CI for subjects reporting >5 disabilities compared to <4 disabilities at HAE

Unadjusted Adjusted”
Variable P value'
OR (95% CI) OR (95% CI)

Gender

Male 1.00 1.00

Female 1.01 (0.66-1.53) 1.07 (0.68-1.67) 0.763
Age at first fitting (years) 1.02 (1.00-1.03) 1.00 (0.98-1.01) 0.985
Ethnic group

Malay 1.00 1.00

Chinese 2.00 (0.86-4.65) 3.04 (1.21-7.64) 0.018

Indian 0.92 (0.32-2.66) 1.51 (0.47-4.81) 0.479

Other 0.59 (0.17-2.03) 1.31 (0.34-5.09) 0.688
Laterality

Unilateral 1.00 1.00

Bilateral 1.16 (0.68-1.97) 1.22 (0.69-2.15) 0.492
Better ear PTA (dB) 1.06 (1.05-1.08) 1.06 (1.04-1.08) <0.001
Aided ear PTA (dB) 1.03 (1.01-1.05) 1.00 (0.98-1.01) 0.876

CI: confidence intervals; HAE: hearing aid evaluation; OR: odds ratios; PTA: pure tone audiogram

* Multivariable logistic regression, adjusting for factors shown in table.
P value shown is for adjusted odds ratios.

‘difficulty hearing in noise’, while 67.5% of subjects still
had this disability after HA fitting, 78.2% of these subjects
had reported a reduction in this disability. Hence, the focus
should be on disability reduction rather than complete
resolution.

Several study limitations should be considered when
drawing conclusions from this study. Factors which
could influence subjects’ decision for HA use, such as
socio-economic status, level of education, concern about
cosmesis, and willingness to spend on HAs were not
collected. The non-responders in our study also included
subjects with dementia, who were unable to answer
the questions.

Owing to the retrospective nature of the study, the
possible causes of baseline disability cannot be assessed.
However, reasonable conclusions can be drawn
regarding reduction of disability since the determinants
were collected before such reduction. We were unable
to examine whether further reduction in disability
occurred beyond the first few months after HA fitting
as further administration of the questionnaire during
subsequent visits was not part of our care protocol.
A previous study found no significant changes over
time?®® but the results have not been validated in a

Singapore setting. A prospective study with mid- to
long-term follow-up (6 months to over 2 years) would
better capture the improvement in disability after
HA optimisation. It would be beneficial to study the
influence of different fitting formulas and amplification
settings on disability reduction in a prospective study.

Despite the above limitations, the study has important
strengths. After careful and meticulous extraction, only
10 (0.9%) subjects were excluded from the study due to
missing data. A good response rate to the questionnaires
(79% for baseline, and 64% for both baseline and
follow-up) and the absence of detectable responder bias
improves the generalisability of the results.

The response scale captured the level of individual
hearing disability in finer granularity compared to most
earlier studies, allowing a more precise understanding
in disability reduction after HA fitting.

As our audiology unit sees one of the largest numbers
of HL patients in Singapore, we are confident the
study population was representative of the Singapore
population. The findings of this study, particularly the
ethnic differences in hearing disability and daily usage
as a predictor of improvement in disability, have
important implications for practice and policy.

Copyright © 2020 Annals, Academy of Medicine, Singapore
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Table 5. Unadjusted and adjusted OR and 95% CI for subjects reporting reduction in 5 or more disabilities compared to 4 or fewer disabilities at

PHATF follow-up

987

Unadjusted Adjusted” .
Variable P value’
OR (95% CI) OR (95% CI)

Gender

Male 1.00 1.00

Female 1.00 (0.73-1.35) 1.04 (0.75-1.44) 0.808
Age at first fitting (years) 1.01 (1.00-1.02) 1.00 (0.99-1.02) 0.155
Ethnic group

Other 1.00 1.00

Chinese 1.42 (0.53-3.79) 1.36 (0.47-3.95) 0.567

Indian 2.18 (0.62-7.64) 2.07 (0.53-8.10) 0.293

Malay 1.84 (0.56-6.06) 2.03 (0.55-7.45) 0.285
Symmetry

Asymmetrical 1.00 1.00

Symmetrical 1.30 (0.94-1.81) 0.79 (0.50-1.23) 0.298
Better ear PTA (dB) 1.03 (1.01-1.04) 1.03 (1.01-1.05) <0.001
Aided ear PTA (dB) 1.01 (0.99-1.02) 0.98 (0.96-1.00) 0.085
Baseline type of HL

Combination type? 1 1

Mixed and Conductive 2.03 (1.17-3.52) 1.70 (0.91-3.20) 0.095

Sensorineural 1.44 (0.97-2.12) 1.70 (1.02-2.83) 0.041
Regularity of Usage

<3 days per week 1 1

>4 days per week 1.93 (1.26-2.95) 1.30 (0.80-2.10) 0.282
Daily usage

<4 hours 1.00 1.00

4-7 hours 1.84 (1.26-2.68) 1.86 (1.24-2.80) 0.003

>7 hours 2.50 (1.71-3.66) 2.30 (1.51-3.52) <0.001
Type of HA

In ear HA 1.00 1.00

Behind the ear HA 1.27 (0.90-1.79) 1.06 (0.72—-1.55) 0.750

CI: confidence intervals; HA: hearing aid; HL: hearing loss; OR: odds ratios; PHAF: post-hearing aid fitting; PTA: pure tone audiogram

* Multivariable logistic regression, adjusting for factors shown in table.
TP value shown is for adjusted odds ratios.

*Subjects with different types of HL in the two ears.

Conclusion

In a sizeable consecutive cohort of first-time HA users
in Singapore, we found baseline self-reported hearing
disability to be high, with ethnicity and better ear PTA

December 2020, Vol. 49 No. 12

thresholds to be independently associated with disability.
Higher daily HA usage, and worse better ear PTA
thresholds were associated with reduction in disability
after HA fitting.
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Patients with worse hearing and more baseline hearing
disability should be reassured that they are more likely to
be wearing their HAs, and more likely to report hearing
disability reduction. Conversely, patients who fail to
report improvement should be counselled to use their
HA more frequently.

Counselling patients on the benefits of HL rehabilitation
could focus on hearing disability rather than PTA
thresholds. The management of patients’ expectations
could focus on reducing disability rather than
eliminating disability.
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