Research

JAMA Otolaryngology-Head & Neck Surgery | Original Investigation

Association of Cognition and Age-Related Hearing
Impairment in the English Longitudinal Study of Ageing

Jaydip Ray, PhD, MS; Gurleen Popli, PhD; Greg Fell, BSc, MSc

Supplemental content
IMPORTANCE Evidence has linked age-related hearing impairment (ARHI) with cognitive
decline; however, very few studies (none in the United Kingdom) explore this link in large
well-characterized groups of community-dwelling individuals.

OBJECTIVE To investigate the link between ARHI and cognitive decline using a cohort of
elderly individuals from the United Kingdom and explore untreated hearing loss and social
isolation as potential explanations for the observed link.

DESIGN, SETTING, AND PARTICIPANTS This cross-sectional analysis of wave 7 (June 2014
through May 2015) of the English Longitudinal Study of Ageing (ELSA) sampled men and
women 50 years or older and living in the United Kingdom in a community setting. Those
with a diagnosis of dementia, Alzheimer disease, or Parkinson disease or with ear infections
and cochlear implants were excluded. Data were analyzed from August 1, 2017, through
May 25, 2018.

MAIN OUTCOMES AND MEASURES Memory and executive function as measures of cognitive
function and hearing acuity derived from the HearCheck screener device (Siemens).

RESULTS Of a cohort of 9666 members in wave 7 of ELSA, 7385 were eligible for analysis
after applying exclusion criteria (55.1% women; mean [SD] age, 67.4 [9.4] years). Of these,
3056 (41.4%) had mild hearing loss and 755 (10.2%) had severe hearing loss; 834 (11.3%)
used a hearing aid; and 7155 (96.9%) were white. Hearing loss had a negative association
with cognition; for those with moderate to severe loss, the score on memory assessment was
a full 1 point less (-1.00; 95% Cl, -1.24 to -0.76), ceteris paribus, relative to those with no
hearing loss. However, this association was seen only in the individuals with untreated
hearing loss (ie, those who did not use hearing aids) (-1.16; 95% Cl, -1.45 to -0.87).

Evidence suggests that social isolation acts as a mediating factor.

CONCLUSIONS AND RELEVANCE Although hearing loss and cognition are linked, untreated
hearing loss drives the association. Social isolation is a mediating factor in the link for those
who have untreated hearing loss. Cognitive decline associated with ARHI is probably
preventable by early rehabilitation and increased opportunistic screening for the elderly.
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Association of Cognition and Age-Related Hearing Impairment

ge-related hearing impairment (ARHI) is the most com-

mon sensory abnormality of the elderly population®?2

and is ranked as the fifth leading cause of years lived
with disability, above diabetes and dementia.® The World
Health Organization® estimates that more than 328 million
adults experience disabling hearing loss; this not only affects
interpersonal communication but also health, indepen-
dence, well-being, quality of life, and daily function® and
can lead to social isolation, depression, and possibly cogni-
tive impairment.®®

Speculation about the association between cognitive
decline and ARHI has grown,” with research pointing toward
hearing loss as an independent risk for cognitive decline as
measured by the Mini-Mental State Examination.® A prospec-
tive study of 639 elderly people in the United States” found
that the rate of cognitive decline and risk of mild cognitive
impairment increased linearly with the severity of hearing
loss; furthermore, the risk of developing all-cause dementia
increased linearly with the severity of baseline hearing loss.
The research suggested that mild, moderate, or severe hear-
ing loss was associated with a 2-, 3-, or 5-fold increased risk
of progression to dementia, respectively. Research suggests
several mechanisms having potential causal links between
hearing loss and dementia, including sensory degradation or
deprivation, cognitive resource allocation or depletion, and
social isolation or depression.'®

Various studies'?* have also looked at the link between
baseline hearing and cognition; however, the evidence is
mixed. Gurgel et al'! used US data for 4463 patients and
found 16.3% of those who had hearing loss at baseline devel-
oped dementia compared with 12.1% without hearing loss.
Another study'? (again using US data) reported that baseline
hearing acuity had no major effect on cognitive ability at a
5-year follow-up, suggesting that little evidence indicated
that hearing impairment leads to cognitive decline in other-
wise healthy elderly individuals. Similarly, studies have
found no association between hearing loss and dementia.®
A meta-analysis'* suggested that hearing impairment is
associated with cognitive problems but highlighted that con-
clusions may be premature owing to small sample sizes, fail-
ure to control for premorbid factors, and diversity within
studies. Large well-characterized population studies have
been suggested to overcome these weaknesses. Regardless,
the National Institute for Health and Care Excellence!® recog-
nizes hearing loss and social isolation as potentially modifi-
able risk factors for dementia.

With a rising elderly population and the concomitant
increase in the number of people with ARHI® a test of this
hypothesis using a larger community-dwelling population is
crucial. In this study, we aimed to test the hypothesized link
between ARHI and cognitive decline in a well-characterized,
healthy, community-dwelling elderly population living in
England. Furthermore, we explored whether simply the
hearing loss or the untreated hearing loss drives the
observed negative association between hearing loss and cog-
nitive decline, whereby treated hearing loss is captured by
the use of hearing aids. We also explored the role of social
isolation as a potential mechanism for this link.
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Key Points

Question Does untreated hearing loss and social isolation explain
the link between age-related hearing loss and cognitive decline?

Findings In this cohort study of persons 50 years or older from
the United Kingdom, hearing loss had a negative association with
cognition; however, this association was observed only in the
individuals with untreated hearing loss. Evidence suggests that
social isolation acts as a mediating factor.

Meaning Cognitive decline associated with age-related hearing
loss is probably preventable by early hearing rehabilitation and
opportunistic screening of persons older than 50 years.

Methods

The English Longitudinal Study of Ageing (ELSA)'®' is the only
United Kingdom-based, ongoing longitudinal survey of the
aging population. The ELSA population is a representative
sample of men and women 50 years and older living in England.
The data for the first wave of ELSA were collected in 2002 to
2003; in total, 7 waves were collected, with the latest available
wave (wave 7) collected from June 2014 through May 2015. The
multidisciplinary nature of ELSA allows us to explore the com-
plex associations between health and quality of life in old age,
making these data the most appropriate for our analysis. Eth-
ics board approval was not needed for this secondary analysis.

For the analysisin this report, we performed a cross-sectional
analysis using data from wave 7 of ELSA because this is the only
wave in which an objective test for hearing acuity was performed.
Other relevant information that ELSA includes on the main vari-
ables of interest are measures of cognitive abilities and function-
ing, a range of background demographic characteristics of the
individuals, and information on social participation and social
support. ELSA also has sufficient information to create an
index of social isolation.'® In the Other Confounders section, we
provide a description of the key variables of interest, further
details of which are available from the ELSA guide.”

Objective Hearing Acuity Test

A hearing test was performed on all participants, unless they
had an ear infection or a cochlear implant, using a simple hand-
held screener device (HearCheck; Siemens) validated for use
in checking hearing acuity in low-cost settings.!®-2° Partici-
pants were asked to remove their hearing aid, if wearing any.
For the HearCheck test, fixed series of 3 pure high-frequency
sounds (3 kHz) at decreasing intensities (75, 55, and 35 dB) and
3 midfrequency sounds (1 kHz) at decreasing intensities (55,
35, and 20 dB) were administered to each ear separately. The
hearing performance on each ear can then be used to classify
hearing acuity as good (heard all 6 tones), mild hearing diffi-
culty (heard 3-5 tones), and moderate to severe hearing diffi-
culty (heard O-2 tones). For our analysis, we combined the best
hearing test result from both ears and classified hearing
acuity as good (good acuity in both ears), mild difficulty (mild
difficulty in both or either ear), and moderate to severe diffi-
culty (moderate to severe difficulty in both or either ear).
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Cognitive Functions

Cognitive functions were measured based on simple tests of
memory and executive function. For the memory assess-
ment tests, the participants were read a list of 10 unrelated
words that they had torecallimmediately and with delay. The
word list can be read out by the computer or the interviewer
depending on the participant’s choice; in either case, before
the assessment starts, the interviewer confirms that the par-
ticipant can hear properly and that the volume is adjusted
accordingly. The score for the memory assessment ranges
from O to 20 and is treated as a continuous variable, with higher
score indicating better cognition. The executive function test
involves the participants naming as many animals as they can
in 60 seconds. The test score can range from O to 100, with
higher scores indicating better function. The construct valid-
ity of both tests has been previously established in other
cohort studies and in the ELSA population.?!

Social Isolation

We created an index of social isolation®? from 5 different
questions in ELSA. A respondent was assigned 1 point each
if they were unmarried and not cohabiting; had less than
monthly contact with each child, other family members, and
friends; and did not participate in any social organizations.
Scoresranged from O to 5, with higher scores indicating greater
social isolation. From this index, we created a binary variable
indicating social isolation if the index had a score of at least 2.

Other Confounders

In our statistical analysis, we controlled for a range of confound-
ers, including age in years and dummy variables for sex,
nonwhite race, and whether the person lives alone, uses hear-
ingaid, works, has O-level educational qualifications or higher,
is a current smoker, and has diabetes or hypertension. Partici-
pants were asked about their living arrangement, and anyone
saying they live alone was classified as such. Other alterna-
tives included living as a couple, living with children alone or
as a couple, and living with extended family. The hearing aid
question asked the respondent if they use a hearing aid. The pos-
sible answers for the respondent include yes, all the time; yes,
sometimes; or no. Everyone responding yes was classified as
using a hearing aid. Anyone having educational attainment
higher than O-levelsis classified as having attained a higher edu-
cational level. Smoking status is self-reported as a current
smoker. For health conditions, such as diabetes and hyperten-
sion, the participants are asked whether they have been diag-
nosed with a specific health condition; if the participant in ear-
lier waves had specified that they had the diagnosis, then in
wave 7 they were simply asked to confirm the diagnosis.!”

Statistical Analysis

Data were analyzed from August 1, 2017, through May 25, 2018.
We started our analysis by looking at the association between
hearing loss and cognition, controlling for age and a range
of confounders. We then split the sample of all individuals
between those who did and did not use hearing aids to see
whether the association between cognitive decline and hear-
ing loss still held among these 2 separate groups. To under-
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stand the mechanism via which hearing loss might be associ-
ated with cognition, we consider social isolation as a mediating
variable. The model we estimate is

Y, = B.HL; + B,SE + B3 Xi + &

and

SI = o + 0, HL; + o X + m;

where Y] is cognition, HL; is hearing loss, SI; is social isola-
tion, and X; represents confounders (these are mentioned above
and include age and use of hearing aids) for the individual
respondent i; 3 and a are the parameters to be estimated; and
g; and n; are the error terms. 3, gives us the direct association
between hearing loss and cognition, and B, gives us the asso-
ciation between social isolation and cognition. g, In equation
2 gives us the direct association between hearing loss and
social isolation. For social isolation to work as a mediating vari-
able, B, and B, should be statistically significant (ie, both hear-
ingloss and social isolation should have a significant associa-
tion with cognition). Furthermore, hearing loss should have
a significant association with social isolation (ie, a, should
be statistically significant). The indirect association between
hearing loss via social isolation, and cognition is then given
by a, x 3, which makes the total association between hearing
loss and cognition as B+ a; x 3,

Measures of cognition (memory assessment and execu-
tive function) are continuous variables, so equation 1 is esti-
mated using multivariable regression models. Social isola-
tionis a binary outcome, so equation 2 is estimated using a logit
model. The models are estimated in Mplus (version 7.3).%3

. |
Results

Number of cohort members in wave 7 of ELSA is 9666. We
excluded from our analysis all those with a diagnosis of
dementia, Alzheimer disease, and Parkinson disease; we also
exclude those with ear infections and cochlear implants.
After applying the exclusion criteria, 7385 cohort were mem-
ber eligible for analysis. Table 1 gives the descriptive statistics
for all 7385 individuals in our sample (4072 [55.1%] women and
3313 [44.9%] men; mean [SD] age, 67.4 [9.4] years). Sample
selection is given in the eTable in the Supplement. Eight hun-
dred thirty-four participants (11.3%) used a hearing aid. We split
the sample by hearing aid use. People who used hearing aids
were significantly different from those who did not (Table 1).
People using hearing aids had lower mean scores on cognitive
functioning; for memory assessment, the difference was
1.68 points (95% CI, 1.42-1.93; Cohen effect size, 0.5); for
executive function, the difference was 1.46 points (95% CI, 0.98-
1.94; Cohen effect size, 0.2). A higher proportion of people using
hearing aids had moderate to severe hearing loss; they tended
tobe older (difference, -8.65 years; 95% CI, -9.32 to -7.97 years),
white (difference, -2.56%; 95% CI, -3.32 to -1.81), living alone
(difference, -7.00%; 95% CI, -10.41% to -3.93%), and had hy-
pertension (difference, -13.00%; 95% CI, -16.57% to —9.51%).
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Table 1. Individual Characteristics of the Analyzed Sample From ELSA by Hearing Aid Use

Participants by Hearing Aid Use DifferencelEetueen

All Participants Nonuse Use Hearing Aid Nonuse and Use
Characteristic (N =7385) (n =6551) (n =834) (95% Cl)
Cognition score, mean (SD)
Memory test 11.00 (3.43) 11.19 3.37) 9.52 (3.51) 1.68 (1.42 to 1.93)
Executive function 21.96 (6.76) 22.12 (6.77) 20.66 (6.61) 1.46 (0.98 to 1.94)
Objective hearing test result, No. (%)
No loss 3574 (48.4) 3543 (54.1) 31(3.7) 50.37 (48.6 to 52.1)
Mild loss 3056 (41.4) 2676 (40.8) 380 (45.6) -4.71 (-8.3t0 -1.1)
Moderate to severe loss 755 (10.2) 332 (5.1) 423 (50.7) -45.65 (-49.1 to -42.2)
Age, mean (SD), y 67.44 (9.42) 66.46 (8.97) 75.11 (9.36) -8.65 (-9.32 to -7.97)
Binary covariates, No. (%)?
Female 4072 (55.1) 3705 (56.6) 367 (44.0) 13.00 (8.97 to 16.12)
White 7155 (96.9) 6328 (96.6) 827 (99.2) -2.56 (-3.32 to -1.81)
Lives alone 1673 (22.7) 1431 (21.8) 242 (29.0) -7.00 (-10.41 to -3.93)
Employed 2510 (34.0) 2403 (36.7) 107 (12.8) 24.00 (21.30 to 26.41)
Educational qualification above O level 3152 (42.7) 2809 (42.9) 343 (41.1) 2.00 (-1.80 to 5.30)
Smoker 775 (10.5) 733 (11.2) 42 (5.0) 6.00 (4.48 to 7.82)
Diabetes 719 (9.7) 613 (9.4) 106 (12.7) -3.00 (-5.72 to -0.98)
Hypertension 2245 (30.4) 1895 (28.9) 350 (42.0) -13.00 (-16.57 to -9.51)
Social isolation 3011 (40.8) 2672 (40.8) 339 (40.6) 0 (-3.40 to 3.68)

Abbreviation: ELSA, English Longitudinal Study of Ageing.
2 Presented covariate is scored as 1; opposite or other, O.

Table 2. Association Between Cognitive Decline and Hearing Loss

Coefficient (95% CI)°

Cognitive Assessment?

All Participants
(N = 7385)

Participants With
Hearing Aid Nonuse
(n =6551)

Participants With
Hearing Aid Use
(n=834)

Memory
Mild hearing loss
Moderate to severe hearing loss

-0.52 (-0.65 to -0.39)
-1.00 (-1.24 to -0.76)

-0.51 (-0.64 to -0.38)
-1.16 (-1.45 to -0.87)

-0.06 (-0.97 to 0.86)
-0.25 (-1.18 t0 0.67)

Abbreviation: NA, not applicable.

@ Treated as continuous variables.
In each case, higher scores indicate

Use hearing aid 0.01 (-0.21 to 0.23) NA

Social isolation -0.61 (-0.74 to -0.48)
Executive function
Mild hearing loss -0.38 (-0.65 to -0.11)
-1.56 (-2.07 to -1.06)
0.89 (0.45 to 1.34) NA

-1.06 (-1.32 to -0.80)

Moderate to severe hearing loss
Use hearing aid

Social isolation

-0.55 (-0.69 to -0.42)

-0.41 (-0.69 to -0.13)
-1.60 (-2.23 to -0.97)

-0.98 (-1.25 to -0.70)

better cognition.
NA

-1.07 (-1.47 to -0.67)

b Estimated using ordinary least
squares regression. In all
specifications, the following

0.86 (~1.53 t0 3.25) covariates are used: cubicin age :and

dummy variables for sex, nonwhite
=0.35 (=2.77 to 2.08) race, and whether the person lives

NA alone, works, has high educational

qualifications, is a current smoker,

-1.65 (-2.38 to -0.92

( 0 ) and has diabetes and hypertension.

Among the proportion of those not using the hearing aid,
more were women (difference, 13%; 95% CI; 8.97% t0 16.12%)
and employed (difference, 24.00%; 95% CI, 21.30% t0 26.41%).

Table 2 presents the association among cognitive func-
tioning, hearing loss, and social isolation across all 3 samples
(all, those who used hearing aids, and those who did not use
hearing aids). Herein we have controlled for the full range of
confounders. For all individuals in the sample, we found a
negative association between cognitive functioning (for
memory assessment and executive function) and hearing loss.
For those with mild loss and holding everything else con-
stant, the mean score on memory assessment is a half point
(-0.52;95% CI, -0.65 to —-0.39) lower than those with no hear-
ing loss; for those with moderate to severe loss, the score is
1 point less (-1.00; 95% CI, -1.24 to —0.76). The use of a hear-

jamaotolaryngology.com

ing aid was associated with higher executive functioning
(difference, 0.89; 95% CI, 0.45-1.34), but we could not
demonstrate the same association for memory assessment
(difference, 0.01; 95% CI, -0.21 to 0.23).

Table 2 also presents the separate results for those who did
and did not use hearing aids. We found that those who did not
use hearing aids drove the negative association between hear-
ing loss and cognitive functioning. In the sample of individu-
als who used hearing aids, no statistically significant associa-
tion was found between hearing loss and cognitive function.
For example, the difference in the score on memory assess-
ment for those with mild hearing loss, relative to those with
no hearingloss, is -0.06 (95% CI, —0.97 to 0.86). This finding
seems to suggest that untreated hearing loss is linked to a de-
cline in cognitive function and not just to hearing loss itself.
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Table 3. Association Between Social Isolation and Hearing Loss

OR (95% CI)°

All Participants

Social Isolation Variable® (N = 7385)

Hearing Aid Nonuse
(n =6551)

Hearing Aid Use
(n=834)

1.15 (1.04-1.26)
1.53 (1.28-1.83)
0.71 (0.60-0.83)

Mild hearing loss
Moderate to severe hearing loss
Use of hearing aid

1.17 (1.06-1.29)
1.36 (1.09-1.70)
1 [Reference]

0.89 (0.45-1.74)
1.43 (0.72-2.82)
1 [Reference]

Abbreviation: OR, odds ratio.
2 Treated as a binary variable.
b Reported from a logit model. In all specifications, the following covariates are

used: quadratic in age and dummy variables for sex, nonwhite race, and
whether the person lives alone, works, has high educational qualifications,
is a current smoker, and has diabetes and hypertension.

Social isolation also has a negative association with cog-
nition seen in the entire sample and the 2 subsamples as
well. To check whether social isolation acts as a mediating
variable, we first tested whether hearing loss has an associa-
tion with social isolation (equation 2); results for this test are
reported in Table 3. We found significant evidence for this
factor, whereby hearing loss is associated with higher odds
of social isolation. Holding all other variables at a fixed
value, the odds of being socially isolated for an individual
with mild hearing loss, relative to someone with no hearing
loss, are 1.15 (95% CI, 1.04-1.26); the same odds increase to
1.53 (95% CI, 1.28-1.83) for a person with moderate to severe
loss. Further, this association was seen only in the
subsample of respondents who did not use hearing aids; for
the sample of participants using hearing aids, the odds ratio
is not statistically different from 1.00.

In Table 4, we report the direct and the indirect associa-
tions between hearing loss and cognition. The direct associa-
tion between mild hearing loss and memory test was —0.52
(95% CI, -0.65 to -0.39; this association is the same as the
estimated coefficient reported in Table 2); the association
between social isolation and memory test was -0.61 (95% CI,
-0.75 to -0.47). From Table 3, we know that mild hearing loss
also has a negative association on social isolation (the esti-
mated coefficient underlying the odds ratio of 1.15 reported in
Table 3 is 0.14); the indirect association between mild hearing
loss and memory test is thus given by 0.14 x (-0.61) = -0.08.
This formula gives us the total association between mild hear-
ing loss and memory test as -0.52 + (-0.08) = -0.61 (95% ClI,
-0.75 to —0.47). In all cases, we found statistically significant
indirect associations between hearing loss and cognition via
social isolation, which then increases the total association be-
tween hearing loss and cognition. Again, this association
seems to be driven by the sample of respondents who did not
use hearing aids.

Diagnostic checks were performed on all estimated regres-
sion. For the linear specification (equation 1, with results re-
ported in Table 2), the following tests were performed: check-
ing for the normality of the residuals; homoscedasticity of the
residuals; the multicollinearity test; and model specification
tests for omitted variables. For the logistic regressions (equa-
tion 2, with results reported in Table 3), the multicollinearity
test and model specification tests for omitted variables were
performed. All regressions passed the regression diagnostics.
Some of the regressions had a potential issue of heteroscedas-
ticity in the residuals, so we therefore used the White cor-
rected SEs throughout.?*
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Discussion

Although quite a few prospective studies on hearing loss and
incident dementia have been performed, the study popula-
tions have been relatively small, and many confounding vari-
ables were not well controlled for. The Maastricht Aging Study?®
compared decline in hearing and vision with cognitive func-
tion and found a weak association on only 1 domain of a bat-
tery of tests. Another study failed to find any difference in cog-
nitive function between hearing aid users and nonusers.?® The
largest number of analyses have been performed on various
subsets of the Baltimore Longitudinal Study of Aging by Lin
and colleagues.”-2”28 The need for larger population-based
studies of hearing and social isolation has been highlighted.2°:3°

To our knowledge, ours is the first study looking at the
association of cognition with ARHI in the elderly using large lon-
gitudinal survey data representative of the English population.
This study not only corroborates the initial findings in the
literature using a larger cohort but also tests the hypothesis on
a different cohort.

Many explanations exist for concomitant decline in hearing
and cognition in elderly populations. One possibility is that the
association may be bidirectional. Common factors such asaging,
hypertension, and educational level could affect hearing and cog-
nitive function. However, research?” has shown an independent
contribution of hearing loss on cognitive function and suggests
a few mechanistic pathways through which hearing loss may
mediate the effects on cognitive function.” First, peripheral
hearing loss means that greater cognitive resources are needed
to process the signal; thus, increased cognitive load will then
have a detrimental association with other cognitive processes.>
Inaddition, in individuals with hearing impairment, a change in
brain structure, such as accelerated rates of brain atrophy in
regionsimportant for language and memory, may occur.” Another
mechanism is thought to be social isolation associated with
withdrawal from social engagement owing to difficulties in com-
municating, which can then exacerbate the problem because
reduced social-stimulatory input can lead to areduction in gen-
eral cognitive function.” The Lancet Commissions report®? es-
timates that 35% of risk factors for incident dementia in a life-
course model are modifiable. Of these, hearing loss contributes
9% toward the possible onset or acceleration of dementia.

Findings and Recommendations
Our findings corroborate the existing evidence that hearing loss

is associated with cognitive impairment, with the association

jamaotolaryngology.com

© 2018 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by Sandra Miller on 10/08/2020


http://www.jamaotolaryngology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoto.2018.1656

Association of Cognition and Age-Related Hearing Impairment

Table 4. Direct and Indirect Association of Hearing Loss With Cognition

L . - o
Association With Association With Cognition, Score (95% Cl)

Hearing Loss? Memory Executive Function

All Participants
Mild hearing loss

Total -0.61 (-0.75 to -0.47)
-0.52 (-0.65 to -0.39)
-0.08 (-0.14 to -0.02)

-0.53 (-0.82 to -0.24)
-0.38 (-0.65 to -0.11)
-0.15 (-0.25 to -0.04)

Direct

Indirect via
social isolation

Moderate to severe
hearing loss

Total -1.26 (-1.53 to -0.99)
-1.00 (-1.24 to -0.76)
-0.26 (-0.38 to -0.14)

-2.01 (-2.57 to -1.46)
-1.56 (-2.07 to -1.06)
-0.45 (-0.67 to -0.23)

Direct

Indirect via social
isolation

No Hearing Aid Use
Mild hearing loss

Total -0.60 (-0.74 to -0.45)
-0.51 (-0.64 to -0.38)
-0.09 (-0.15 to -0.03)

-0.57 (-0.86 to -0.27)
-0.41 (-0.69 to -0.13)
-0.16 (-0.26 to -0.05)

Direct

Indirect via
social isolation

Moderate to severe
hearing loss

Total -1.33 (-1.65 to -1.01)
-1.16 (-1.45 to -0.87)
-0.17 (-0.30 to -0.04)

-1.90 (-2.57 to -1.22)
-1.60 (-2.23 to -0.97)
-0.30 (-0.53 to -0.06)

Direct

Indirect via social
isolation

Hearing Aid Use
Mild hearing loss
Total 0.08 (-1.06 to 1.20)
-0.06 (-0.97 to 0.86)
0.13 (-0.59 to 0.86)

1.06 (-1.35 to 3.46)
0.86 (-1.53 to 3.25)
0.20 (-0.91 to 1.31)

Direct

Indirect via
social isolation

Moderate to severe
hearing loss

Total -0.64 (~1.78 t0 0.51)
-0.25 (-1.18 t0 0.67)
-0.38 (~1.13 t0 0.36)

-0.93 (-3.37 to 1.51)
-0.35 (-2.77 to 2.08)
-0.60 (-1.76 to 0.59)

Direct

Indirect via
social isolation

2 Direct indicates the association of hearing loss with cognitive function
(memory and executive function) that is not mediated by social isolation; this
value is the estimate of the coefficient on hearing loss (f3;) in the equation 1
regression in the text. Indirect indicates the association of hearing loss with
cognitive function mediated by social isolation; this value is given by a, x 3,,
where q, is the coefficient on hearing loss in the regression of social isolation
in equation 2 in the main text and B, is the coefficient on social isolation in
equation 1.
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of moderate to severe loss being higher than mild loss. How-
ever, the association between hearing loss and cognition is seen
only in the individuals who do not use hearing aids; for the
sample of respondents who used hearing aids, we found no
evidence of association between hearing loss and cognition.
Social isolation significantly reduces cognition; this associa-
tion was seen in the sample of respondents who used hearing
aids and those who did not. Evidence suggests that social iso-
lation acts as a mediation factor. Hearing loss is associated with
higher social isolation, which in turn has a negative associa-
tion with cognition. We found this indirect association of hear-
ingloss via social isolation only in those who did not use hear-
ing aids. The main recommendation that follows from our
analysis is that persons older than 50 years are screened op-
portunistically in primary care for hearing loss and mild cog-
nitive impairment. A more prominent public health cam-
paign is needed to increase awareness and knowledge among
those who need hearing rehabilitation and in those provided
hearing rehabilitation.

Limitations

One weakness of our study is the use of screening estimates of
hearing levels and not pure-tone audiometry performed in
sound-treated booths. However, the HearCheck screeneris a vali-
dated tool for field testing of hearing levels. The other weakness
arises from the fact that hearing and cognition levels were mea-
sured as point prevalence, taking ELSA wave 7 data as baseline.
The gradient of progression of hearing and cognition levels can-
not be assessed from the single wave. We also must consider the
potential self-selection in the use of hearing aids; those who have
a higher need or desire for social interaction and/or have better
cognition may succeed in getting hearing aids. Future longitu-
dinal data collections of objective hearing test results, use of hear-
ingaids, and cognition would allow us to address this weakness.

. |
Conclusions

Although hearingloss and cognition are linked, untreated hear-
ing loss drives the association. Social isolation is a mediating
factor only for those who have untreated hearing loss. We found
that cognitive decline associated with ARHI is probably pre-
ventable by early rehabilitation and increased opportunistic
screening for the elderly.
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