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Abstract

Background: Vision and hearing impairments among elders are common, and cognitive impairment is a concern.
This study assessed the association of vision and hearing impairments with cognitive impairment and mortality

among long-term care recipients.

Methods: Data of 1754 adults aged 65 or older were included in analysis from the Gujo City Long-Term Care Insurance
Database in Japan for a mean follow-up period of 4.7 years. Trained and certified investigators assessed
sensory impairments and cognitive impairment using a national assessment tool. Five-level scales were used
to measure vision and hearing impairments. Cognitive performance was assessed on two dimensions, namely
communication/cognition and problem behaviors. We performed logistic regression analysis to estimate odd
ratios (ORs) and 95 % confidence intervals (Cls) for the association of vision and hearing impairments with
cognitive impairment. Using Cox proportional hazard regression models, we obtained hazard ratios (HRs) for mortality.

Results: Of 1754 elders, 773 (44.0 %) had normal sensory function, 252 (14.4 %) vision impairment, 409 (23.3 %) hearing
impairment, and 320 (18.2 %) dual sensory impairment. After adjusting for potential cofounders, ORs of cognitive
impairment were 1.46 (95 % Cl 1.07-1.98) in individuals with vision impairment, 1.47 (95 % Cl 1.13-1.92) in those

with hearing impairment, and 1.97 (95 % Cl 146-2.65) in those with dual sensory impairment compared to individuals

with normal sensory function. The adjusted HR of overall mortality was 1.29 (95 % Cl 1.01-1.65) in individuals with dual
sensory impairment and cognitive impairment relative to normal sensory and cognitive functions.

Conclusions: Cognitive impairment was most common in individuals with dual sensory impairment, and those with

dual sensory impairment and cognitive impairment had increased mortality.

Keywords: Elders, Visual impairment, Hearing impairment, Cognitive impairment, Death

Background

Most elders experience age-related changes, including
vision and hearing impairments. Sensory impairments
affect elders’ everyday lives, including independence
[1, 2], social participation [3, 4], health-related quality
of life [5, 6], and mental health [7]. The prevalence of
cognitive impairment also increases among elders and
is a concern [8]. As people become more disabled and
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increasingly dependent on others with age, assisting elders
may be challenging for communities.

Previous studies have reported a possible association
between vision impairment and cognitive function in
older populations [9-12]. Vision impairment was associ-
ated with cognitive impairment in women aged 69 or
older who had osteoporotic fractures [9]. Regarding spe-
cific eye diseases, age-related macular degeneration, a
leading cause of irreversible vision loss, was associated
with cognitive impairment [10]. Furthermore, elders
with visual impairment, particularly those with visual
impairment due to cataract, were more likely to have
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cognitive impairment in Asian populations aged 60—80
[11], while only a weak correlation was observed in
Australian populations aged 50 and older [12].

Hearing impairment and cognitive decline among elders
have a clear link [12-16]. Hearing impairment accelerates
cognitive impairment [14] and is an independent risk fac-
tor for dementia [13]. However, impairment in hearing
function is gradual and often under-recognized [13, 15]
and consequently has received minimal attention [6]. Dual
sensory impairment is prevalent between 9 % and 21 % of
elders over age 70, and the prevalence increases with age
[17]. Dual sensory impairment is associated with cognitive
impairment [9, 18], and cognitive function declines more
quickly, particularly in socially disengaged elders [19].

Japan is experiencing unprecedented aging among the
population. By 2035, the proportion of elders is pro-
jected to comprise 33.4 % of the total population in
Japan such that one in three people will be aged 65 or
older [20]. In 2000, Japan introduced a universal social
long-term care insurance system for people aged 65 or
over and some people aged 40—64 with specific disabilities
to receive home and community-based services besides
universal medical insurance [21]. The insured or family
must apply to the municipal government for needs assess-
ment. Trained and certified investigators conduct on-site
survey using a 79-item need-assessment tool on physical
and mental status. The results are analyzed by computer
to generate a preliminary assessment. The certification
committee, consisting of five health and welfare profes-
sionals, reviews the survey results and the primary physi-
cian’s opinion for a final eligibility decision.

The relationship between sensory impairments and cog-
nitive impairment has been reported [9-19], but the rela-
tionship among sensory impairments, cognitive impairment
and mortality remains unclear. Using the long-term care
insurance data, we assessed the association of vision and
hearing impairments with cognitive impairment and
mortality among elders.

Methods

Design

This population-based cohort study used administrative
health care data with a mean follow-up period of 4.7 years.

Data source and study cohort

This study cohort was drawn from the Gujo City Long-
Term Care Insurance Data, which included all residents
who were certified as new beneficiaries in Gujo City, Gifu
Prefecture, Japan, between April 1, 2003 and December
31, 2004. The level of dependency is determined as a
result of eligibility assessment; low level (home-bound,
requiring help to go out), medium level (bed-bound, re-
quiring some assistance but able to maintain a sitting
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position), or high level (totally bed-bound, requiring
full-time care).

Subjects of the study were community-dwelling elders
aged 65 years or older in Gujo City; required assistance
or care in community settings; and were eligible for
long-term care insurance. Of 2338, 584 elders who were
classified with a high level of dependency (totally bed-
bound) were excluded and 1754 who were classified as
having a low or middle level of dependency were in-
cluded in the analysis. The participants were followed
until March 31, 2009.

Data collection
The Gujo City Long-Term Care Insurance Data include the
results of preliminary and secondary eligibility assessments.

Definition

We operationally defined “cognitive impairment” as “any
cognitive impairment from mild to severe including de-
mentia assessed by the trained and certified investigator
using the functional assessment for cognitively impaired
elders” in this study.

Measurements

We used the data on vision and hearing impairments
and cognitive impairment collected from the eligibility
assessment process for long-term care insurance.
Trained and certified investigators assessed vision and
hearing impairments and cognitive impairment using
the national assessment tool for determining eligibility
for long-term care insurance [21, 22].

Vision at baseline was determined according to five
levels: “normal sight,” “able to see a visual acuity chart at
a distance of 1 m,” “able to see a visual acuity chart in
front,” “very little sight,” and “indeterminable due to
communication difficulty.” For analysis, “able to see a
visual acuity chart at a distance of 1 m” and “able to see
a visual acuity chart in front” were merged to form one
value—“able to see an object near the front of the eyes.”
Hearing at baseline was determined according to five
levels: “normal hearing,” “barely hear normal conversa-
tion,” “barely hear loud conversation,” “barely hear,” and
“indeterminable due to communication difficulty.” For
analysis, “barely hear normal conversation” and “barely
hear loud conversation” were merged to form one
value—“able to hear loud conversation.”

Cognitive performance was assessed on two dimen-
sions, namely communication/cognition and problem
behaviors, using the functional assessment measures for
cognitively impaired elders. The assessment measures
include communication, short-term memory, location
awareness and understanding of daily tasks, remember-
ing own name and date of birth, and recognizing the
season of year in addition to 18 problem behaviors (e.g.,
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wandering, agitation and resistance to care). The levels
of cognitive impairment were none, mild (requiring assist-
ance due to symptoms/behavior related to cognitive impair-
ment or communication difficulty), moderate (requiring
care due to symptoms/behavior or communication difficul-
ties), and severe (requiring specialized care due to signifi-
cant psychiatric symptoms). Cognitive impairment in this
study was determined by its presence or absence according
to this classification.

Demographic information including age, sex and level of
dependency was obtained during the preliminary eligibility
assessment. Moving away from the study area (certification
of residence) and death (death certificate) during follow-up
were ascertained by Local Civil Registry. The 10th Revision
of the International Classification of Diseases (ICD-10)
code was used to define the diagnoses.

Analysis

We performed logistic regression to calculate unadjusted
and adjusted odd ratios (ORs) and 95 % confidence in-
tervals (CIs) to assess the association of baseline vision
and hearing impairments with cognitive impairment.
The analysis was cross-sectional. Cox proportional haz-
ard regression models were used to estimate unadjusted

Table 1 Participant characteristics
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and adjusted hazard ratios (HRs) for mortality during
the follow-up period of 4.7 years. Potential covariates,
including age, sex, level of dependency and comorbidi-
ties, were included in the models. Comorbidities in-
cluded diabetes, neurological disorders (all diseases of
the nervous system in the ICD-10 Chapter IV G00-G99
except Alzheimer’s disease, e.g., Parkinson’s disease,
cerebellar degeneration and amyotrophic lateral scler-
osis), hypertension, heart disease, cerebrovascular dis-
ease, respiratory disease, musculoskeletal and connective
tissue disorders, and eye and ear diseases. We classified
the participants into three age groups (65-74, 75—89, 90
or older) in consideration of average life expectancy
among Japanese (80.21 years old for men; 86.61 for
women) [23]. Chi-square test, Mann-Whitney U test and
t-test were used to compare baseline characteristics.
Fisher’s exact test was used for small sample sizes. P values
less than 0.05 were considered significant.

Results

Study population

Baseline characteristics of the 1754 study participants
(605 men and 1149 women) are presented in Table 1.
The mean age of men and women was 80.89 (standard

Men Women Total p
n % n % n %
Total 605 1000 1149 1000 1754 100.0
Mean age (SD) (years) 80.89 (7.39) 8242 (6.95) <001 f
Age group (years) 65-74 127 210 160 139 287 164 <001 ©
75-89 400 66.1 789 687 1189 678
290 78 129 200 174 278 158
Level of dependency®  Low 341 564 774 674 1115 636 <.001 ©
Medium 264 436 375 326 639 364
Functional assessment® Cognitive impairment 319 527 631 549 950 542 382 N
Comorbidity (ICD10) Diabetes 50 83 96 84 146 83 513
Neurological disorders (except Alzheimer's disease) 57 94 80 7.0 137 78 043 <
Hypertension 104 172 286 249 390 222 2%
Heart disease 50 83 60 52 390 63 009
Cerebrovascular disease 200 331 204 178 404 230 < .001
Respiratory disease 64 106 61 53 125 7.1 < .001
Musculoskeletal connective tissue disorder 153 253 524 456 677 386 <.001
Eye disease 11 18 27 23 38 22 294 ¢
Ear disease 7 12 14 12 21 12 556
Dementia 100 165 274 238 374 213 <.001 ©

Level of dependency (long-term care insurance)

PFunctional assessment for cognitively impaired elders (long-term care insurance)

%2 test

9dFisher’s exact test
€Mann-Whitney U test
ft test
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deviation [SD] 7.39) years and 82.42 (SD 6.95) years, re-
spectively. Women were older than men (p < 0.001). The
participants with a low level of dependency were more
likely to be women (67.4 % vs. 56.4 %; p <0.001). With
respect to underlying diseases for long-term insurance
eligibility, men had more neurological disorders except
Alzheimer’s disease (p = 0.043), heart disease (p = 0.009),
cerebrovascular disease (p <0.001), and respiratory dis-
ease than women (p <0.001), while women had more
hypertension (p =0.043) and musculoskeletal and con-
nective tissue disorders than men (p < 0.001). There was
no significant difference in baseline cognitive impair-
ment between men and women (52.7 % vs. 54.9 %).

Of the 1754 participants, 773 (44.1 %) had normal vi-
sion and hearing functions, 252 (14.4 %) had vision im-
pairment, 409 (23.3 %) had hearing impairment, and 320
(18.2 %) had dual sensory impairments. There were no
significant differences owing to sex among these four
groups. Individuals with hearing impairment were 1.6-
fold more than those with vision impairment (p < 0.001).
About 70 % of participants had either vision or hearing
impairment or both (dual sensory impairment) (Table 2).

Association between sensory impairments and cognitive
impairment (Table 3)

Of the 1754 participants, 950 (54.2 %) had cognitive im-
pairment at baseline (Table 3). Cognitive impairment
was found in 360 (46.5 %) individuals with normal vision
and hearing function, 138 (54.8 %) with vision impair-
ment, 237 (57.9 %) with hearing impairment, and 215
(67.2 %) with dual sensory impairment (p = 0.01). By age
group, cognitive impairment increased with age: 107 in-
dividuals (37.3 %) aged 65-74, 668 (56.2 %) aged 75-89,
and 175 (62.9 %) aged 90 or older (p = 0.021).

In univariate analysis, ORs of cognitive impairment
were 1.389 (95 % CI 1.04—1.85) in those with vision im-
pairment, 1.581 (95 % CI 1.24-2.01) in those with hear-
ing impairment, and 2.349 (95 % CI 1.79-3.09) in those
with dual sensory impairment. After adjustment for
potential cofounders, the prevalence of cognitive impair-
ment was higher in individuals with dual sensory impair-
ment (1.965, 95 % CI 1.46-2.65), followed by those with
hearing impairment (1.473, 95 % CI 1.13-1.92) and vision
impairment (1.457, 95 % CI 1.07-1.98).

Table 2 Prevalence of vision/hearing impairment
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The prevalence of cognitive impairment was similar be-
tween individuals with vision impairment and those with
hearing impairment. In univariate analysis by age group,
the prevalence of cognitive impairment in the 75-89 age
group was significantly higher among individuals with
dual sensory impairment (2.086, 95 % CI 1.98-2.91),
followed by those with hearing impairment (1.413, 95 %
CI 1.055-1.90), and vision impairment (1.367, 95 % CI
0.97-1.94). Multivariate analysis showed that the preva-
lence of cognitive impairment in the 75-89 age group was
significantly higher among individuals with dual sensory
impairment (1.916, 95 % CI 1.339-2.742), followed by
those with hearing impairment (1.584, 95 % CI 1.15-2.18)
and vision impairment (1.513, 95 % CI 1.04-2.21).

Association of mortality risk with sensory impairments
and cognitive impairment (Table 4)

Univariate analysis showed that mortality risk was sig-
nificantly high in individuals with cognitive impairment
and normal vision and hearing functions (HR 1.496;
95 % CI 1.21-1.85). Vision impairment was not signifi-
cantly associated with mortality regardless of the presence
of cognitive impairment. Mortality risk in individuals with
hearing impairment was significantly high for those with
cognitive impairment (HR 1.889; 95 % CI 1.50-2.38) and
without (HR 1.614; 95 % CI 1.24-2.09). Among individ-
uals with dual sensory impairment, mortality risk was high
in those with cognitive impairment (HR 1.980; 95 % CI
1.57-2.50) and without cognitive impairment (HR 1.644;
95 % CI 1.22—2.22). Multivariate analysis showed that HR
of mortality was 1.290 (95 % CI 1.01-1.65) in individuals
with dual sensory impairment and cognitive impairment,
and 1.225 (95 % CI 0.96-1.56) in those with hearing im-
pairment and cognitive impairment relative to normal
sensory and cognitive functions.

Discussion

This study provides a picture of sensory impairment,
cognitive impairment and mortality among the long-
term care recipients with mean age over 80 in the
community. In the present cohort, about 70 % of el-
ders had either vision or hearing impairment or dual
sensory impairment, and hearing impairment outnum-
bered vision impairment. Both vision and hearing

Men Women Total
n % n % n %
Total 605 100.0 1149 100.0 1754 100.0
Vision/hearing functions Normal vision/hearing function 252 41.7 521 453 773 441
Vision impairment 79 13.1 173 15.1 252 144
Hearing impairment 159 26.3 250 21.8 409 233
Dual sensory impairment 115 19.0 205 17.8 320 182
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Table 3 Vision/hearing impairment and cognitive decline by age group
Total Cognitive OR  Univariate analysis p OR  Multivariate analysis p
decline 95 % Cl 95 % Cl
Lower limit  Upper limit Lower limit  Upper limit
Overall Normal vision/hearing function 773 360 1.000 - - - 1.000 - - - é
Vision impairment 252 138 1389 1.04 1.85 0.02 1457 107 0.02
Hearing impairment 409 237 1.581 124 201 <0.001 1473 0.00
Dual sensory impairment 320 215 2349 179 3.09 <0.001 1.965 <0.001
Total 1754 950
65-74 (yrs) Normal vision/hearing function 185 61 1.000 - - - 1.000 - - - b
Vision impairment 59 27 1715 094 312 0.08 1.774 0.89 354 0.10
Hearing impairment 27 10 1.196 052 2.77 0.68 1246 049 3.19 0.65
Dual sensory impairment 16 9 2614 093 7.35 0.07 2653 078 8.99 0.12
Total 287 107
75-85 Normal vision/hearing function 518 258 1.000 - - - 1.000 - - - b
Vision impairment 172 99 1367 097 1.94 0.08 1513 1.04 221 0.03
Hearing impairment 281 164 1413 105 1.89 0.02 1584 1.15 218 0.00
Dual sensory impairment 218 147 2086 1.50 291 <0.001 1916 134 2.74 <0.001
Total 1189 668
290 Normal vision/hearing function 70 41 1.000 - - - 1.000 - - - b
Vision impairment 21 12 0.943 035 253 091 0976 032 299 0.97
Hearing impairment 101 63 1.173 063 219 0.62 1222 060 249 0.58
Dual sensory impairment 86 59 1546 0.80 299 0.19 1437 068 3.04 0.34
Total 278 175

?Adjusted for age, sex, level of dependency, diabetes, neurological disease, hypertension, heart disease, cerebrovascular disease, respiratory disease,
musculoskeletal and connective tissue disorders, and eye and ear diseases
PAdjusted for the above variables except age

impairments were associated with cognitive impair-
ment. Dual sensory impairment was the greatest risk
factor for cognitive impairment, and those with dual
sensory impairment and cognitive impairment had in-
creased risk of mortality.

High prevalence of hearing impairment among elders
[17, 24] and dual sensory impairment as a risk factor for
cognitive impairment [9, 17, 18] in the literature were
consistent with our results. In addition, individuals with
sensory impairment may be more likely to have limited

Table 4 Vision/hearing impairment, cognitive decline and mortality by age group

Cognitive  Participants Univariate analysis Multivariate analysis
decline o500 HR 95 %Cl p HR 95%C p
Total Death Movers Lower Upper Lower Upper
limit limit limit limit
Overall  Normal vision/hearing No 413 155 11 100 - - - 1.000 - - - @

function Yes 360 184 9 149 121 185 000 1138 091 142 025
Vision impairment No 114 46 2 1.060 0.76 147 073 1.043 074 146 0.81

Yes 138 60 2 1.096 0.81 148 0.55 0875 0.65 1.19 0.39
Hearing impairment No 172 90 4 1614 1.24 2.09 0.00 1.154 088 1.51 0.30

Yes 237 138 9 1.889 1.50 2.38 0.00 1225 096 1.56 0.10
Dual sensory impairment No 105 58 3 1644 122 2.22 0.00 1.106 081 1.51 052

Yes 215 133 8 1.980 157 2.50 0.00 1.290 1.01 1.65 0.04
Total 1754 864 48

?Adjusted for age, sex, level of dependency, diabetes, neurological disease, hypertension, heart disease, cerebrovascular disease, respiratory disease,
musculoskeletal and connective tissue disorders, and eye and ear diseases
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social participations and interactions with others and are
thus more likely to have cognitive impairment [14, 18].

The elders with dual sensory impairment and cognitive
impairment had increased mortality in our study. Sen-
sory impairment increases not only risks of accidents
and injuries but also risks of communication difficulty,
social isolation and physical and psychological functional
decline; these factors could negatively affect life expect-
ancy [25]. Cognitive impairment is also a robust pre-
dictor for mortality [26], and even mild cognitive
impairment is associated with increased mortality [27].
Increased risk of falls and poor control of underlying
diseases due to cognitive impairment could reduce
survival [27].

Gopinath et al. [25] reported that hearing impairment
was an independent risk factor for mortality, and Fisher
et al. [28] reported that not vision but hearing impair-
ment increased risk of all-cause or cardiovascular
disease-related mortality in men. In our study, however,
the result of association between hearing impairment
and mortality was not significant.

Hearing impairment is a leading type of disability
worldwide [24]. Michikawa et al. [6] reported that elders
with hearing impairment were more significantly associ-
ated with adverse health outcomes than those with vi-
sion impairment among the Japanese population. Given
the high prevalence and burden of hearing impairment
among elders, early detection, before vision or cognitive
impairments occur, is important. Healthcare providers
should also offer information about treatment and re-
habilitation of sensory impairment to elders [1]. Because
poor communication function may cause elders and
healthcare providers to misunderstand their individual
conditions and negatively affect outcomes, healthcare
providers need to help elders maintain communication
function. Previous studies suggest that cognitive impair-
ment could be attenuated by the use of hearing aids [14]
and cognitive rehabilitation through communication
[15]. Some elders may not use hearing aids because of
difficulty in tuning them; therefore, healthcare providers
should instruct elders about appropriate use.

Strengths and limitations

The strengths of the study included a population-based
sample of community-dwelling elders, and few data were
missing in the sample. Very few people changed their
address, and therefore panel attrition was low (2.7 %).
This study supports the evidence regarding the relation-
ship of dual sensory impairments with cognitive impair-
ment and mortality using the national assessment tool
administered by trained and certified investigators.
Given the high prevalence of multimorbid conditions in
elders, comorbidities were adjusted in addition to age,
sex and level of dependency.
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The study had several limitations. The study popula-
tion comprised long-term care recipients in a rural area
of Japan; thus, the generalizability of the study is limited.
The higher prevalence of cerebrovascular disease and
cognitive impairment was a possible bias for higher cog-
nitive impairment. In this population, more men had
serious diseases such as heart disease, cerebrovascular
disease and respiratory disease, while more women had
musculoskeletal and connective tissue disorders. These
differences could be related to the result that women
had lower level of dependency. We used only baseline
measurements of sensory impairments and cognitive im-
pairment, and we did not examine subsequent functional
changes in vision, hearing and cognition. Because the
measures for cognitive function are unique to the assess-
ment for long-term care insurance, “cognitive impair-
ment” in the present study includes both mild cognitive
impairment and dementia. In addition, no objective test
was used to measure sensory impairments. Standardized
objective sensory measurement tools are needed for
elders [1].

Conclusions

In the present study, about 70 % of the long-term care
recipients had either vision or hearing impairment or
dual sensory impairment, and hearing impairment was
1.6-fold more common than vision impairment. This
study supports the relationship between dual sensory
impairment and cognitive impairment, and increased
risk of mortality in those with dual sensory impairment
and cognitive impairment. With advancing age, people
get frailer and become more disabled. The qualitative
study, however, reveals that elders adopt better with
their conditions and still can achieve quality of life des-
pite late-life disability and dependence on others in daily
lives [29]. Healthcare providers should be aware of the
increased risk of cognitive impairment and mortality in
those with sensory impairment. Further studies are
needed whether early identification and management of
sensory impairment could improve cognitive outcomes
and survival in elders.

Abbreviations
Cl, confidence interval; HR, hazard ratio; ICD, International Classification of
Diseases; OR, odds ratio
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