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Abstract
Purpose—To determine which, if any, vision variables are associated with moderate bilateral
hearing loss in an elderly population.

Methods—Four hundred and forty six subjects completed a hearing screening in conjunction
with measurements on a variety of vision tests including high contrast acuity, low contrast acuity
measured under a variety of lighting conditions, contrast sensitivity, stereopsis, and colour vision.
Logistic regression analyses were used to assess the relationship between various vision variables
and hearing impairment while controlling for demographic and other co-morbid conditions.

Results—In this sample of older adults with a mean age of 79.9 years, 5.4% of individuals were
moderately visually impaired (binocular high contrast VA worse than 0.54 logMAR, Snellen
equivalent 6/21 or 20/70) and 12.8% were moderately bilaterally hearing impaired (hearing none
of the 40 dB tones at 500, 2000 or 4000 Hz in either ear). Three measures of low contrast acuity,
but not high contrast acuity or other vision measures, were significantly associated with hearing
loss when controlling for age, cataract surgery history, glaucoma history and self reported stroke,
all of which were significantly associated with hearing loss, although the association of glaucoma
with hearing loss was negative.

Conclusions—Poorer vision for low contrast targets was associated with an increased risk of
hearing impairment in older adults. Audiologists and optometrists should enquire about the other
sense in cases in which a deficit is measured as individuals with dual sensory loss are at a marked
disadvantage in daily life

Keywords
ageing; hearing impairment; vision impairment; acuity; dual sensory loss

Introduction
Sensory impairment is one of the most common chronic conditions of later life. The
prevalence of vision impairment and hearing impairment both increase with age, as does the
prevalence of dual sensory loss (vision and hearing deficits).1–11 A significant portion of the
older U.S. population suffers from vision impairment, hearing impairment or both. For
example, Berry et al12 reported that 21% of the older population in the U.S. has both vision
and hearing impairment by the age of 70, but this is higher than typically reported. Citing
survey data (i.e. self reported hearing and vision difficulties) collected by Campbell et al13

and by Crews & Campbell14, Brennan et al15 reported that visual impairment affects from
9% to 18% of older adults and that hearing loss affects from 24% to 33%. The generally
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higher rates of self-reported hearing loss compared to self-reported vision loss in these
survey data probably reflect the everyday experience that hearing impairments sufficient to
cause problems with spoken communication are more common than vision impairments
sufficient to cause difficulties in daily tasks.

Of course, measured rates of vision and or hearing impairment as well as dual sensory loss
also vary and depend on the criteria for impairment. Defining hearing loss as average
threshold of four pure tones between 500 and 4000 Hz of >25 db in the worse ear,
Cruickshanks et al4 reported that 45.9% of the Beaver Dam sample population had hearing
loss. The mean age of that sample was 65.8 years. Those authors further reported that
hearing loss increased with advancing age such that for every 5 years of age, the risk of
hearing loss increased by almost 90%. Among those over age 80 years, hearing loss
prevalence was 89.5%. The Framingham Heart Study cohort of individuals aged 60 and
above had a prevalence of hearing loss of 31% when considering the better ear pure tone
average threshold for frequencies between 500 and 2000 Hz and a criterion of 25 dB loss.16

In a later set of measures on an overlapping but non-identical cohort, 29% of the
Framingham Study cohort had a hearing impairment when defined as >26 db pure tone
average loss in the better ear for tones from 250 to 8000 Hz.7

Chia et al17 explored the association between visual impairment (defined as best corrected
monocular standard high contrast acuity worse than 6/12 in the better eye) and hearing loss
(average threshold > 25 db for tones of 500, 1000, 2000, and 4000Hz in the better ear). They
reported that those with visual impairment had poorer hearing than those without visual
impairment. Bergman & Rosenhall18 and Caban et al19 also reported an association between
hearing and vision based on measured acuity and self reported hearing status. Fischer et al 20

also reported an association between hearing and vision impairments in that dual
impairments were more prevalent than expected based on the independent prevalences of
each sensory faculty. In the present case, the Smith-Kettlewell Institute (SKI) Study, a large
elderly population was given a screening test of hearing in conjunction with testing on a
broad battery of vision measures.20 These data provide an ideal opportunity to explore in
greater depth the association between hearing loss and vision function among older adults. It
was hypothesized that low contrast vision measures, which are affected by even sub-clinical
eye disease (e.g.22), would show stronger associations with hearing impairment than the
association seen for standard, high contrast acuity, since hearing loss is associated with eye
disease (e.g.23–25).

Methods
Subjects

Four hundred and forty six subjects completed a hearing screening at the second follow-up
(third visit) of the SKI longitudinal study of vision and function in the elderly. The mean age
of this sample was 79.9 years (range 67 to 107 years) and 43% were male. The SKI study
sample is a random sample of older adults living in Marin County in northern California and
has been described in detail elsewhere.20

Tests and Procedures
The vision measures and procedures for testing have been described in detail elsewhere.20

The test battery considered here was comprised of eight measures. Standard distance high
contrast acuity and low contrast acuity (20% contrast) were measured with Bailey-Lovie
Charts.26,27 Low contrast (10% contrast) acuity at near (40 cm) was measured first in the
absence and then in the presence of a 3300 cd/m2 surrounding glare source (Berkeley Glare
Test28). Low contrast acuity at low luminance was measured at near using the SKILL Card
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Dark Chart.29 This chart presents low contrast (15% contrast) letters on a dark gray
background that reduces the effective luminance by 1 log unit (in this case from 150 to 15
cd/m2). Contrast sensitivity was assessed using the Pelli-Robson Chart30 at a non-standard
test distance of 3 meters. Data from Mäntyjärvi and Laitinen31 show that there was no
difference between contrast sensitivity measured with the Pelli-Robson chart at 1 vs. 3
metres. Stereoacuity was measured using the Frisby Stereo Test32 presented at 40 cm. At
this test distance, best measurable performance was better than or equal to 85 arc seconds
(pass all three test plates) and worst performance was worse than 340 arc sec (fail all three
test plates). Colour vision was assessed using the Farnsworth-Munsell D-15 test under
MacBeth Lamp illumination.33,34 All testing was done binocularly with habitual correction
for distance or near as appropriate.

As noted above, some studies define hearing loss severity on the basis of performance in the
better ear, others in the worse ear, and yet others in terms of both ears. A screening test of
hearing was performed on each ear of participants. Hearing aids, if used, were not worn
during testing. Pure tones at 500, 2000 and 4000 Hz were presented at 40 db twice to each
ear using a Welch Allyn AudioScope® screening audiometer in a quiet room. Subjects were
to indicate that they heard a tone by raising a hand. Participants were considered to have
failed the screening (be hearing impaired) if no tone was heard on either trial for all
frequencies in either ear (i.e. both ears had thresholds exceeding 40 dB for all tones). This
criterion is equivalent to the usual definition of moderate bilateral hearing loss.

In addition to vision and hearing measures, self-reported information on education level,
medical conditions (hypertension, heart disease, diabetes, stroke, cancer, and arthritis) and
eye conditions (cataract surgery, glaucoma, age-related macular degeneration [AMD]) were
obtained. Records from participants’ eye care provider were requested for all participants
who granted permission (N=431, 97%), and of these complete concurrent information* was
available for 72.4% of participants (N=323). For the remaining participants, we had to rely
on a combination of self-report and eye record data for 24.2% (N=108) and only self-report
data for 3.4% (N=15).

Depressive symptoms were assessed using the 10-item version of the Center for
Epidemiologic Studies-Depression Scale (CES-D), which has been used in previous survey
studies of older adults35 with a cut-off depression symptom score of 10.

The research followed the tenets of the Declaration of Helsinki. Informed consent was
obtained from the subjects after explanation of the nature and possible consequences of the
study. The research was approved by the institutional review board of the Smith-Kettlewell
Eye Research Institute.

Data Analysis
Data were analyzed using SPSS 6.1 for the Macintosh. Descriptive statistics (means,
medians, and standard deviations) were computed for continuous measures, and frequency
distributions were obtained for the categorical measures. Initial univariate analyses to assess
the difference between hearing impaired and non-impaired participants were carried out for
each of the potential covariates using Student’s t-tests (continuous) and chi-square
(categorical).

Logistic regression analyses were used to assess the relationship between various vision
variables and hearing impairment while controlling for demographic and other co-morbid

*Complete, concurrent information” indicates that the time period between the eye examination and vision test was either 1) less than
2 months, or 2) we were able to confirm the same eye status from subsequent eye examination records.
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conditions. Odds Ratios (ORs) along with 95% confidence intervals are presented for each
measure. Measures for which the 95% confidence intervals do not include 1.0 are
significantly associated with hearing impairment.

Results
Overall Prevalence of Vision and Hearing Losses

Figure 1 illustrates the association between prevalence of hearing impairment (solid bars),
vision impairment (white bars) and combined hearing and vision impairment (gray bars)
across age in this aged sample. Not surprisingly, hearing impairment was least frequent
(1.6% of the age group) among the youngest participants (aged 67 – 74), increased to
approximately 9%, between ages 75–79 and ages 80–84 and then increased dramatically to
32.7% from 85 years of age onward. The overall rate of hearing impairment, defined as
failure to hear any 40 dB tone in either ear, for this rather aged group (aged 79.9 ± 7.5 yrs)
was 12.8% (57/446 individuals).

The frequency of vision impairment (binocular visual acuity worse than 0.54 logMAR,
Snellen equivalent 6/21 or 20/70) across age is indicated by the white bars in Figure 1.
Using this definition, there was no vision impairment among the group less than 75 years of
age. Only 0.8% of individuals aged 75 to 79 years and 2.3 % of those aged 80–84 had a
vision impairment. The rate rose to 19.1% among those aged 85 and older. Overall, 5.4% of
this sample had a visual impairment as defined as acuity of worse than 0.54 logMAR
(Snellen 6/21 or 20/70). The median acuity of the whole sample was 0.10 logMAR (Snellen
6/7.5 or 20/25).

Among those aged 85+ years, dual sensory loss was present in 11.8% of the subjects. At
younger ages dual sensory impairment was seen only among those aged 75–75.99 years, at a
rate <1.0%.

Demographics of hearing impaired and non-hearing impaired groups
Table 1 presents a comparison of the hearing impaired and non-hearing impaired groups on
demographic measures and co-morbid conditions. Not surprisingly, those with hearing loss
were older (by about 9 years) than those without hearing loss. Consistent with this is the fact
that those with hearing loss were more likely to have self-reported history of stroke, a
diagnosis of age-related maculopathy, and to have had cataract surgery. The groups did not
differ on any of the other factors evaluated (sex, years of education, depression, glaucoma,
or self–reported diagnoses of hypertension, diabetes, cancer, or arthritis).

To take into account the effect of age on the relationship between hearing and demographic
status, logistic regression controlling for age was performed on each covariate in Table 1
individually. Table 2 presents the results and illustrates that three factors were significantly
associated with hearing impairment when age was taken into account: cataract surgery,
glaucoma and self-reported stroke. Having a history of cataract surgery approximately
doubled the likelihood of hearing loss. Glaucoma was also associated with hearing loss, but
the association was negative; for this sample having glaucoma was associated with a
decreased likelihood of hearing loss. Self-reported stroke history increased the odds of
hearing impairment by a factor of 2.69. Once age was taken into account, history of age-
related maculopathy was no longer related to hearing status.

Association Between Individual Vision Measures and Hearing Loss—Overall, in
this study group, 5.4% of individuals were moderately visually impaired (binocular high
contrast VA worse than 0.54 logMAR, Snellen 6/21 or 20/70) and 12.8% were moderately
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bilaterally hearing impaired (hearing none of the 40 dB tones in either ear). If vision and
hearing impairments were independent, the probability of having both would be the product
of the separate impairment probabilities. In this case, we would expect dual sensory loss in
0.7% of people. In fact, the prevalence of dual sensory loss was over four times higher
(3.1%), indicating that the two kinds of impairment are associated. The rate of dual sensory
loss across age is illustrated by the gray bars in Figure 1. Only one person below age 85 had
both vision and hearing impairments. However, 11.8% of those aged 85 or older had both
impaired hearing and vision.

In univariate analysis, which does not take age and other covariates into account, all vision
measures were significantly associated with hearing impairment. Table 3 presents the results
of logistic regression examining the association between individual vision measures and
hearing loss, after controlling for age, cataract surgery history, glaucoma history and self
reported stroke. Three vision measures showed significant associations with hearing loss:
low contrast acuity, low contrast acuity at low luminance, and low contrast, and acuity in
glare. For any of these three measures, those who perform poorly were 40% – 50% more
likely to have moderate bilateral hearing loss than those who scored well on that measure.
This was true for each of the three measures.

Table 4 presents the odds ratios of those health factors associated with hearing loss, as well
as age and sex and the SKILL Dark Chart performance, which was included because it had
the highest Wald statistic of the three vision measures that were associated with hearing loss.
In this final model, only age, glaucoma history, self-reported stroke and SKILL Dark Chart
acuity were significantly associated with hearing impairment. Each five year age increment
increased the likelihood of hearing impairment by 81%. Those with glaucoma history were
significantly less likely to have had hearing impairment than those with no history of
glaucoma. Those who reported having had at least one stroke were over 3.6 times as likely
to have had a hearing impairment than those who reported not ever having had a stroke.

Discussion
In this study we found dual sensory loss in 3.1% of participants. This is much higher (by a
factor of 4.5) than expected from the rates of hearing impairment (12.8%) and vision
impairment defined by high contrast acuity (5.4%) assuming the two types of impairment
were independent (0.69%). This is consistent with the finding of an association between
visual impairment (defined by standard acuity) and hearing impairment reported by Chia et
al17 as well as the findings of a study by Caban et al19 which was based on self-reported
vision and hearing problems. Hearing status and vision impairment are not independent in
older adults.

In the present study, however, standard high contrast acuity was not significantly associated
with hearing impairment once age and other co-morbid conditions were taken into account.
The vision variable that was most strongly associated with a co-existing hearing loss was
low contrast (15%) acuity under low luminance conditions (SKILL Dark Chart). However,
low contrast (10%) acuity with and without glare present were also significant risk factors
for hearing loss.

The finding of an association between standard high contrast visual acuity and hearing loss
in previous studies, even when age and other covariates were taken into account, may be due
to the criteria for vision and hearing loss used. Chia et al17 used a milder definition of
hearing loss (an average threshold of 4 tones (500, 1000, 2000, 4000 Hz) of > 25 dB in the
better ear), compared to our requirement that the threshold for all three of the tested tones
(500, 2000, 4000 Hz) exceed 40 dB in both ears. Chia et al.’s study sample was also younger
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(average age 69.8 years versus 79.9 years in the present study). Interestingly, those authors
reported a tendency toward a stronger association between hearing and impaired visual
acuity in younger participants (< age 70). Bergman & Rosenhall18 also reported an
association among men younger than 70 years old, but not older individuals. The mean age
of this sample was 79.9 years, with the youngest participants 67 years old. The older age of
this sample may thus also account, in part, for the lack of a significant association between
hearing loss and visual acuity when covariates are included in the model. The lack of
association between standard high contrast acuity and hearing loss may also reflect that the
vast majority of this sample (94.6%) maintained acuity better than 0.54 logMAR (6/21 or
20/70), reducing the likelihood of finding associations of visual acuity with hearing. Finally,
the much larger sample size of the Chia et al17 study (2334 individuals) may have also
contributed to their finding of a significant association between standard high contrast acuity
and hearing loss.

In the final model, the vision test with the highest association with hearing impairment was
the SKILL Dark Chart, a test of low contrast vision at reduced luminance. We have
previously found that the SKILL Dark Chart to often be abnormal in the presence of normal
standard high contrast acuity and shows greater variation among individuals, even among
those with good acuity (6/12 or 20/40 or better).21 We attribute the current findings to the
sensitivity of the SKILL Card to preclinical as well as frank disease. Low contrast, low
luminance testing is highly sensitive to eye disease (e.g.36–38) and associations between
hearing loss and age-related eye disease have been documented.17,23–25

Others have reported significant associations between cataract surgery and hearing loss
(e.g.17,25). In this study, history of cataract surgery was a significant predictor of hearing
loss in univariate analysis and remained significant when age was taken into account.
However, in the final model, which included a vision function measure, having had cataract
surgery was no longer associated with hearing status. This suggests that the vision measure -
low contrast acuity measured at low luminance - was a stronger predictor of hearing status
than cataract surgery.

Though the frequency of age-related maculopathy was twice as high in the hearing impaired
than among those with normal hearing (Table 1; p<0.01), age-related maculopathy was not
related to hearing loss once age and other covariates were taken into account. Klein et al24

reported an association between late (but not early) AMD and hearing loss. In this study, we
did not explore the association between hearing loss and late AMD in particular. Chia et al17

found weak associations between any ARM and hearing loss in their somewhat younger
sample. Further, the association between age-related maculopathy and hearing loss was
stronger among their younger (< age 70 years) subjects. Given that the mean age of our
subjects was nearly ten years older than this, the lack of association seen here is consistent
with their report.

The observed association between hearing loss and stroke history is in agreement with
earlier reports (e.g.39). The most perplexing finding of this study is that having a history of
glaucoma was associated with a decreased likelihood of hearing impairment when age was
included in the logistic regression model. No obvious underlying cause for this negative
association presents itself. There have been several studies examining whether glaucoma
and hearing loss are (positively) associated, with mixed results favouring a lack of
association, (e.g.40–42), but none have reported the negative association seen here. Further,
beta blockers, often prescribed for glaucoma, have been shown to be associated with poorer
hearing, at least in women.43 Thus, the negative association between glaucoma and hearing
loss remains unexplained. The possibility exists that the association is due to chance,
particularly in light of the very wide confidence intervals around the odds ratio (Table 4).
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Because, for a portion of the study sample, information about the presence or absence of
glaucoma was based on self-report, it is possible that misreporting of glaucoma status
contributed to this surprising finding. For example, Douglas et al44 found that more than
10% of people with visual impairment could not identify their own underlying eye disease,
even when prompted. Therefore additional analyses were performed omitting the 123
individuals for whom self-report was used in part or solely to determine eye health status.
However, the negative association between glaucoma and hearing loss remained (OR = 0.27,
95% CI = 0.09 – 0.79).

Visual impairment in itself impacts both physical and social functioning, whereas hearing
impairment largely affects social functioning45. Dual sensory impairment, hearing and
vision loss, compromises the two primary modes of communication, listening and speech
reading, potentially leading to social isolation. It also limits the information that the
individual can glean from the environment, rendering tasks of daily living more difficult and
thereby imposes limits on an individual’s ability to function in daily life thereby broadly
impacting quality of life (e.g. 20,46). Not surprisingly, dual sensory loss impacts depression,
cognitive and general function, activities of daily living and quality of life more than a
deficit in vision or hearing alone (e.g.14,15,17,47,48). Dual sensory loss is significantly more
common than expected based on prevalence of hearing loss and eye/vision disorders.

As hearing declines, reliance on vision increases for tasks such as understanding speech. The
current study indicates that vision impairment for low contrast targets (~10% contrast),
particularly when presented under poor illumination, is more prevalent among the hearing
impaired. This suggests that individuals with hearing impairment should carry out activities
such as conversing with others under bright illumination without glare. Further, those
speaking with hearing impaired individuals should do what they can to increase the contrast
of facial features by, for example, wearing lipstick.

The findings have significance for clinicians, both audiologists and eye care practitioners, in
that finding a deficit in one domain (e.g. vision) indicates an increased likelihood of deficits
in the other domain (e.g. hearing). It is suggested that audiologists consider including a brief
test of low contrast vision, such as low contrast acuity. Likewise, eye care practitioners
should consider performing a screening test of hearing on their patients. Depending on the
severity of the dual sensory loss, referral for rehabilitation may be called for.
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Figure 1.
Rates of hearing impairment (black bars), vision impairment (white bars) and dual sensory
impairment (gray bars) across age groups.
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Table 1

Comparison of demographic characteristics of hearing impaired and non hearing impaired participants.

Characteristics Not Hearing Impaired (n=389) Hearing Impaired (n=57)

Mean age in years (SD) 78.8 (6.6) 87.7 (8.4)*

Sex (% male) 42.4% 47.4%

Mean years of education (SD) 15.1 (2.6) 14.9 (3.3)

% Depression (Score ≥ 10) 8.2% 9.3% {n=54}

% Cataract Surgery 29.4% {n=385} 66.1%*

% ARM History 17.2% {n=383} 33.3%† {n=54}

% Glaucoma History 19.6% {n=382} 17.0% {n=53}

% Self-Reported Medical Diagnoses Hypertension 51.9% 50.9%

Heart Disease 37.8% 49.1%

Diabetes 8.7% 12.3%

Stroke 7.2% 22.8%*

Cancer 36.0% 45.6%

Arthritis 58.1% 63.2%

Bold text indicates a significant difference between the groups. Key: {N} Data from hearing impaired and non-hearing impaired participants when
not N=57 and N=389 respectively.

*
p<0.001;

†
p<0.01; Non-bold text = p>0.10.
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