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Objectives. To evaluate the association of hearing impairment, vision impairment and their combination
(dual sensory impairment) with negative well-being such as depression, subjective poor health and the
reduced functional ability in community-dwelling older adults, and to determine whether any association

5§ywords: varies by gender.
HleS;(;il; Methods. Between 2005 and 2006, we objectively examined vision and hearing impairment (using best-
Well-bging corrected visual acuity and pure-tone audiometric test) in 843 people aged 65 years and older (351 males,

Gender difference 492 females) in a rural Japanese town. Through a home visit interview survey using a structured
Aged questionnaire, we also collected information on depression (the five-item Geriatric Depression Scale),
subjective poor health, and reduced functional activity (the Tokyo Metropolitan Institute of Gerontology's
Index of Competence).
Results. We observed gender differences in the association between sensory impairment and depression.
Multiple logistic regression analysis revealed that hearing impairment in males (adjusted odds ratio: 2.22,
95% confidence interval; 1.07-4.61) and vision impairment in females (1.91, 1.14-3.21) were related to
depression. Vision impairment and dual sensory impairment were also associated with subjective poor

health and reduced functional activity in both sexes.
Conclusions. Sensory impairment is significantly associated with negative well-being in older persons,
and its association with depression may differ between males and females.

© 2008 Elsevier Inc. All rights reserved.

Introduction

Vision and hearing impairments are common in aged populations.
In the United States, 15% of individuals between 65 and 79 years old
report vision impairment, and 35% report hearing impairment; for
those aged 80 and older, the corresponding figures are 25% and 53%
(Caban et al., 2005). In Japan, no nation-wide epidemiological survey
of sensory impairment has ever been carried out, but the nation's long
life expectancy suggests that substantial numbers of elderly Japanese
have seeing or hearing difficulties (Uchida et al., 2003).

Recent evidence that vision and hearing impairments are related to
negative well-being, including depression, disability, reduced self-
sufficiency, and diminished physical function, highlights the impor-
tance of studying age-related declines in sensory functions among
elderly people (Carabellese et al.,, 1993; Wallhagen et al., 2001; Heine
and Browning, 2002; Lupsakko et al., 2002; Chou and Chi, 2004,
Brennan et al., 2005; Capella-McDonnall, 2005; Chia et al., 2006;
Ostbye et al,, 2006). Further research on the relationships between

* Corresponding author. Fax: +81 3 3359 3686.
E-mail address: nisiwaki@sc.itc.keio.ac.jp (Y. Nishiwaki).

0091-7435/$ ~ see front matter © 2008 Elsevier Inc. All rights reserved.
doi:10.1016/j.ypmed.2008.06.011

vision and hearing impairments and negative well-being is necessary
because, whereas the effect of vision loss only or hearing loss only on
negative well-being has been investigated, the combined effects of
vision and hearing loss have yet to be determined conclusively
(Lupsakko et al., 2002; Chou and Chi, 2004; Chia et al., 2006). Also,
studies using objective examinations of vision/hearing impairments
instead of subjects' self-reporting are very limited (Carabellese et al.,
1993; Chia et al., 2006).

In this study, we hypothesized that gender differences may exist in
the associations between sensory impairments and negative well-
being; such differences would indicate that gender-specific health
policies are necessary to maintain quality of life for older persons. This is
a reasonable hypothesis given the accumulating evidence of gender
differences in the factors contributing to older adults’ well-being (Osada
etal,, 1995; Yan et al, 2004; Katsura et al,, 2007; Tas et al., 2007) as well
as in the prevalence of sensory impairments (Campbell et al., 1999).

We examined vision/hearing impairments by objective methods
and evaluated the association between negative well-being and hearing
impairment only, vision impairment only, and their combination (dual
sensory impairment) in community-dwelling older adults, with the aim
of determining whether any association varies by gender.
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Methods
Study population

The target population was the older residents of Kurabuchi Town
(Takasaki City, Gunma Prefecture), a rural mountain village with a
population of approximately 4800. We defined eligible population as
all residents in this town excluding those hospitalized or institutio-
nalized persons and identified 1446 eligible subjects aged 65 years or
older. A home visit interview survey was carried out by trained public
health nurses and local welfare commissioners using a structured
questionnaire to collect subjective health data between 2005 and
2006. During the same period, objective data was collected through
free medical assessments of sensory functions at eight town
community centers. The home visit survey and medical assessments
were conducted with the cooperation of the local government. Of the
1446 eligible persons, 1372 (95%) answered the survey. Of these 1372
residents, 843 (351 males and 492 females, accounting for 58% of the
eligible residents) submitted to the medical assessments; these 843
were subject to later analysis.

Compared to the survey-only participants, the survey/assessment
participants included a higher proportion of females and were younger
and more educated (Table 1). However, there were no significant
differences between the two groups in terms of difficulty reading a
newspaper or hearing, indicating that the survey/assessment partici-
pants adequately represented the whole study population.

The study was approved by the Medical Ethics Committee of the
School of Medicine, Keio University, Tokyo, Japan, and all the subjects
gave written informed consent without any incentives.

Vision and hearing impairments

At the medical assessments, trained technicians measured cor-
rected visual acuity in each eye with a Landolt broken ring chart at 5 m
using an automatic visual analyzer (TOMEY NS-1100, Nagoya, Japan).
We defined visual impairment as a corrected visual acuity of worse
than 0.5 in the better eye according to the United States criteria for
visual impairment (Munoz et al., 2000). The subjects were also asked
whether they had ever been diagnosed with cataracts.

Trained technicians conducted pure-tone air-conduction audio-
metry tests (RION AA-56, Tokyo, Japan) of both ears in a separate
quiet room. Because of the field setting, only two signals were
tested: 30 dB at 1 kHz and 40 dB at 4 kHz, the two measurements
designated by the Japanese Industrial Safety and Health Law for
workers' health examinations. In the current study, subjects were
classified as belonging to the hearing impairment group if they failed
to hear the 30-dB signal at 1 kHz bilaterally, because daily
conversation relies more on low-frequency than on high-frequency
hearing function. Indeed, people with hearing impairment at 1 kHz
have been shown to be more sensitive to their perceived hearing
difficulty than those with hearing impairment at 4 kHz (Okamoto et
al.,, 2004). Information on hearing aid usage was collected, and the
audiometric examinations were conducted without subjects wearing
hearing aids.

Subjects who had both vision and hearing impairment were
defined as having dual sensory impairment. All subjects were
categorized into one of four groups: dual sensory impairment (DSI);
vision impairment only (VIO); hearing impairment only (HIO); or no
sensory impairment (NSI).

Outcome measurements

We evaluated three negative well-being measures through the
survey and the medical assessments: depression; self-perceived poor
health; and reduced functional activity. Depression is the most
prevalent mental health problem and significantly reduces quality of

Table 1
Characteristics of survey/assessment participants and survey-only participants (1372
older adults in Japan 2005-2006)

Survey/assessment  Survey only p value®
participants participants
(n=843) (n=529)
n (column %) n (column %)*
Sex
Male 351 (41.6) 253 (48.1) 0.02
Female 492 (58.4) 273 (51.9)
Age
65-69 199 (23.6) 114 (21.7) <0.01
70-79 429 (50.9) 221(42.0)
80 215 (25.5) 191 (36.3)
Education
High school 187 (23.4) 93 (18.1) 0.05
or higher
Elementary or 613 (76.6) 421 (81.9)
junior high
Difficulty seeing ‘
Yes 69 (8.8) 61 (12.0) 0.34
No 720 (91.2) 449 (83.0)
Difficulty hearing
Yes 96 (12.3) 93 (17.9) 0.18
No 686 (87.7) 425 (82.1)

# Because of missing values, numbers of subjects do not always add up to 843 and
529, respectively.

° For age and sex, p value of x? test is shown; for the rest, p value of Mantel-Haenszel
%2 test adjusting age and sex is shown.

life in the elderly (Blazer, 2003). Self-perceived poor health and
reduced functional activity are also very good predictors of frailty and
deterioration of well-being (Neale et al., 2001).

Depressive symptoms were evaluated with a five-item version of
the Geriatric Depression Scale (GDS5). Using clinical evaluation as the
gold standard for depression, GDS5 is as valid and effective as the 15-
item GDS (Hoyl et al., 1999; Comprehensive Geriatric Assessment
Guideline Study Group, 2003). GDS5 also has good interrater
reliability (k=0.88) and test-retest reliability (x=0.84) (Rinaldi et al.,
2003). Each item consists of a yes/no question, the total score ranging
between 0 (best) and 5 (worst). We classified subjects scoring two or
higher in the GDS5 as being depressed (Hoyl et al., 1999).

Participants who ranked their health status as “poor” or “very
poor” (rather than “very good”, “good”, or “fair”) were considered to
be in poor health.

Functional activity was evaluated according to the Tokyo Metropo-
litan Institute of Gerontology Index of Competence (TMIG-IC) (Koyano
et al,, 1991). This 13-item index has a good test-retest reliability and
assesses instrumental self-maintenance (the ability to use public
transport, buy daily necessities, prepare meals, pay bills, handle
banking matters), intellectual activity (filling out forms, reading daily
newspapers, reading books/magazines, having interest in television
programs or health-related news articles), and social role (ability to
visit friends, give advice to relatives/friends, visit someone in the
hospital, initiate a conversation with younger people). The unweighted
sum of the questions (yes/no basis) is the total score, ranging from 0 -
(worst) to 13 (best). No universally accepted cutoff point has ever been
proposed. In this study, subjects scoring 10 or lower (the lowest decile)
were defined as having reduced functional activity. Changing the cutoff
score to 9 or 11 did not substantially alter the relationships between
sensory impairments and functional activity.

Covariates

Demographic and socio-economic information, including age,
education (high school or higher/junior high or lower), past/current
medical history of life-threatening diseases (including cancer, stroke,
myocardial infarction, angina and diabetes mellitus), living situation
(living alone or with spouse/family/others), current smoking and
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Table 2 .
Prevalence of single and dual sensory impairments by age and gender (843 older adults
in Japan 2005-2006)

Age No sensory  Vision impairment  Hearing impairment  Dual sensory
category impairment only only impairment
Number (%) Number (%) Number (%) Number (%)
Male
Total 234 (66.7)° 46 (13.1) 49 (14.0) 22 (630
65-69 76 (88.4)° 7(8.1) 3(3.5)° o°
70-79 120 (65.9) 28 (154) 26 (14.3) 8 (4.4)
80— 38 (45.8) 11 (13.3) 20 (24.1) 14 (16.9)
Female
Total 249 (50.6) 115 (23.4) 68 (13.8) 60 (12.2)
65-69 88 (77.9)° 15 (13.3)° 4(3.5)° 6(5.3)°
70-79 125 (50.6) 64 (25.9) 37 (15.0) 21 (8.5)
80- 36 (273) 36 (27.3) 27 (20.5) 33(25.0)
Combined
Total 483 (57.3) 161 (19.1) 117 (13.9) 82(9.7)
65-69 164 (82.4)° 22 (111)° 7 (3.5)P 6(3.00°
70-79 245 (57.1) 92 (21.5) 63 (14.7) 29 (6.8)
80- 74 (34.4) 47 (21.9) 47 (21.9) 47 (21.9)

2 p<0.05 for comparison between sex by x? test (for total).
b 17<0.05 by score test for trend.

alcohol drinking, was also collected through the survey. In line with
earlier studies, these factors were selected as a priori confounders for
this study (Wallhagen et al, 2001; Brennan et al, 2005; Capella-
McDonnall, 2005; Chou, 2008).

We held two one-hour training sessions for the examiners and
interviewers, instructing them to follow the standardized manual.

Statistical analysis

STATA 9.1 (Stata Corporation, College Station, Texas) was used for
all analyses.

The prevalence of NSI, VIO, HIO and DSI according to age and
gender was calculated. The association of single and dual sensory
impairment with depression, self-perceived poor health, and reduced
functional activity was assessed first by crude analyses. Then, by
using unconditional multiple logistic models, the a priori confoun-
ders (age (continuous), education, past/current medical history of
life-threatening diseases, living situation, current smoking and
alcohol drinking) were adjusted for. There were no interactions
either among these covariates or between the sensory impairment
variables and covariates. The odds ratio (OR) and its 95% confidence
interval (CI) were used to present the strength of the association with
respect to NSL

Since one of the aims of this study was to investigate gender
differences in the relationships between sensory impairments and
negative well-being outcomes, all analyses were performed after
stratification by sex. A statistical check for interaction by sex was also
carried out using the likelihood ratio test for interaction.

The %2 test or Fisher's exact method was used to compare the
prevalence of each impairment group as needed. Trends according to
age category were checked with a score test (Altman, 1991).

Results
Table 2 presents the prevalence of single and dual sensory

impairment by age in males, females, and combined subjects. A
higher proportion of females (23%) than males (13%) had VIO, while

Table 3
Characteristics of the subjects with single and dual sensory impairment (843 older adults in Japan 2005-2006)
Variable No sensory impairment Vision impairment only Hearing impairment only Dual sensory impairment p value®
Number (column¥%)? Number (column%)? Number (column%)* Number (column%)*
Male (n=234) (n=46) (n=49) (n=22)
Education
High school or higher 64 (28.8) 6(14.3) 14 (29.8) 2 (10.0) 0.07
Junior high or lower 158 (71.2) 36 (85.7) 33(70.2) 18 (90.0)
Current/past histories of life-threatening diseases
Yes 68 (30.9) 12 (29.3) 13 (28.3) 10 (47.6) 0.41
No 152 (69.1) 29 (70.7) 33(71.7) 11 (52.4)
Living alone : .
Yes 16 (7.2) 6(14.3) 5(10.4) 1(4.8) 041
No 205 (92.8) 36 (85.7) 143 (89.6) 20(95.2)
Current smoker .
Yes 57 (25.6) 14 (33.3) 13(27.1) 5(23.8) 0.76
No 166 (74.4) 28 (66.7) 35(72.9) 16 (76.2) :
Current alcohol drinker Y
Yes 128 (57.9) 26 (61.9) 23 (47.9) 13 (61.9) 0.51
No 93 (42.1) 16 (38.1) 25 (52.1) 8(38.1)
Female (n=249) (n=115) (n=68) (n=60)
Education
High school or higher 65 (27.8) 14 (12.7) 12 (18.5) 10(16.7) - <0.01
Junior high or lower 169 (72.2) 96 (87.3) 53 (81.5) 50(83.3)
Current/past histories of life-threatening diseases
Yes 31 (134) 30(27.0) 17 (27.4) 17 (28.8) ! <0.01
No 200 (86.6) 81(73.0) 45 (72.6) 42 (71.2)
Living alone ‘
Yes 31 (13.4) 16 (14.4) 12(18.8) 14(23.3) 0.25
No 200 (86.6) 95 (85.6) 52 (81.3) 46 (76.7)
Current smoker !
Yes 8(3.4) 3(27) 2(31) 2(3.3) ) 1.00
No 227 (96.6) 109 (97.3) 63 (96.9) 58 (96.7) ' :
Current alcohol drinker ; }
Yes . 39 (16.7) 9(8.0) -~ 7(109) 5(8.5)0.1
No 194 (83.3) 103 (92.0) - 57(89.1) 54 (91.5)

2 Due to missing values, the denominator of column percentage for each variable does not exactly match the total subject number of each subgroup.

b pvalue for x? test or Fisher's exact method.
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there was no statistically significant gender difference in the HIO
prevalence. Females were twice as likely to suffer from DSI as males
(12% vs. 6%). The prevalence of single and dual sensory impairment
increased with age, except for VIO in males.

Table 3 shows the characteristics of the NSI, VIO, HIO and DSI
subjects. The subjects with DSI tended to be less educated. The women
with NSI were less likely to have a past or current history of life-
threatening diseases. Among the four groups, the prevalence of
current alcohol drinkers among the females varied, whereas neither
the living situation nor the proportion of current smokers varied in
either sex.

Table 4 summarizes the crude and adjusted associations of sensory
impairments with depression, self-perceived poor health, and
reduced functional activity. We observed depression-related gender
differences. The likelihood ratio test for interaction by sex showed
moderate evidence of interaction (p=0.15). In males, hearing impair-
ment was related to elevated odds of depression, even after adjusting
for covariates (adjusted OR and 95% ClI: 2.20, 1.06-4.58), but vision
impairment was not. In contrast, female subjects with vision
impairment were twice as likely to suffer from depression (adjusted
OR and 95% CI: 2.00, 1.19-3.35), while hearing impairment did not
affect the odds of depression. Having both vision and hearing
impairments was associated with a three times greater chance of
depression in both sexes.

Vision impairment showed an association with increased odds of
self-perceived poor health in both sexes. Although the relationship
was weaker in females (adjusted OR and 95% Cl: 1.72, 0.63-4.74) than

Table 4
The association of sensory impairment with depression, self-perceived poor health and
reduced functional activity (843 older adults in Japan 2005-2006)

Number (%) Crude odds ratio Adjusted odds ratio®
(95% CI) (95% CI)
Male ‘
Depression
NSIP 47/231 (20.4) 1.00 1.00
VIO® 10/46 (21.7) 1.09 (0.50-2.35) 1.06 (0.48-2.38)
HIo! 17/48 (35.4) 215 (1.09-4.24) 2.20 (1.06-4.58)
DsSI¢ 11/22 (50.0) 3.92 (1.57-9.78) 2.80(0.99-7.89)
Self-perceived poor health
NSIP 13/222 (5.9) 1.00 1.00.
VIO® 7/42 (16.7) 3.21(1.18-8.73) 3.92 (1.36-11.25)
HIO? 2/48 (4.2) 0.70 (0.15-3.22) 0.95 (0.19-4.63)
DSI® 3/21(14.3) 2.68 (0.69-10.37) 3.46 (0.72-16.67)
Reduced functional activity g
NSI® 16/222 (7.2) 1.00 1.00 :
VIO® 12/42 (28.6) 5.15(2.16-12.30) 4.94 (2.07-11.78)
HIO¢ 6/48 (12.5) 1.84 {0.68-5.00) 1.74 (0.61-4.95)
DSI® 6/20 (30.0) 5.51(1.81-16.78) 5.99 (1.75-20.53)
Female
Depression
NSI® 59/244 (24.2) 1.00 1.00
VIO® 51/115 (44.4) 2.50 (1.54-4.04) 2.00(1.19-3.35)
HI0? 21/67 (31.3) 1.43 (0.79-2.60) 1.28 (0.66-2.48)
DSI® 33/60 (55.0) 3.83 (2.08-7.05) 3.04 (1.63-6.07)
Self-perceived poor health
NSIP 9/234 (3.9) 1.00 1.00
VIO® 9/112 (8.0) 2.18 (0.84-5.69) 1.72 (0.63-4.74)
HIO¢ 2/65(3.1) 0.79 (0.17-3.78) 0.73(0.14-3.72)
DSI¢ 8/60 (13.3) 3.84 (1.39-10.61) 3.72 (1.19-11.66)
Reduced functional activity
NSI® 13/229 (5.7) 1.00 1.00
vIO® 27/111 (24.3) 5,34 (2.56-11.16) 3.56 (1.67—7.61)
Hiod 8/65 (12.3) 2.33 (0.92-5.94) 1.21 (0.45-3.28)
psie 20/60 (33.3) 8.31(3.62-19.06) 3.45(1.44-8.27)

2 Adjusted for age, education, past/current history of life-threatening diseases, living

situation, smoking and alcohol drinking.

> NSI, no sensory impairment.
€ VIO, vision impairment only.

4 HIO, hearing impairment only.

¢ DSI, dual sensory impairment.

in males (3.92, 1.36-11.25), there was no statistical interaction by sex
(p=0.73). No relationship was seen between hearing impairment and
self-perceived poor health. DSI subjects were more than three times as
likely to perceive themselves as being in poor health.

As with self-perceived poor health, vision impairment was related
to reduced functional activity in both sexes, but hearing impairment
was not. No statistical interaction by sex was observed (p=0.92). DSI
also had a statistically significant association with reduced functional
activity.

Of the subjects with hearing impairment, 36 reported that they
used hearing aids. Including hearing aid usage as an explanatory
variable in the models did not change the results substantially.

Discussion

In this community-based study of Japanese older adults, we
found a clear association between single/dual sensory impairments
and three negative well-being measures: depression; self-perceived
poor health; and reduced functional activity. We stratified our data
by sex according to our hypothesis that gender difference may exist
in the associations between sensory impairments and negative
well-being.

Gender differences were clearly seen in the association between
sensory impairment and depression: whereas men with hearing
impairment were more likely to be depressive than men without,
vision impairment seemed to be a stronger factor in depression
among women. Although the likelihood ratio test for interaction
showed only moderate evidence for this, the statistical power to
detect interactions is generally known to be weak (Silva, 1999).
Moreover, there is accumulating evidence of gender differences both
in the factors influencing depression (Weissman and Klerman, 1977;
Kuehner, 2003; Tsuboi et al.,, 2004) and in the prevalence of sensory
impairments (Campbell et al., 1999). To the best of our knowledge,
this is the first study describing gender difference in the relation-
ships between vision and hearing impairments and depression, and
its underlying mechanism is unclear. One tentative explanation may
be found in the relatively distinct gender-specific social roles and
characteristics in this generation. Japanese women of this generation
usually do all of the housework, while men after retirement tend to
be withdrawn from social activities (Takahashi et al., 2003). There-
fore, visual impairment may cause more difficulties and deprivation
in the daily lives of women, leading to depression. Meanwhile,
communication problems and subsequent social isolation caused by
hearing impairment may play a greater role in bringing on
depressive symptoms in males by depriving them of the already
limited social interaction.

Other studies on the relationship between sensory impairment
and depression have shown inconsistent results (Carabellese et al.,
1993; Wallhagen et al., 2001; Chou and Chi, 2004; Capella-McDonnall,
2005; Ishine et al., 2007). Some have indicated that both vision and
hearing impairment have an association with depression (Carabellese
et al,, 1993; Capella-McDonnall, 2005). Others have shown that vision
impairment has a greater relationship with depression than hearing
(Wallhagen et al., 2001; Chou and Chi, 2004). An earlier study in Japan
reported a close association between hearing impairment and
depression in community-dwelling older people, but vision impair-
ment was not assessed (Ishine et al,, 2007). The inconsistencies in
these study results may be due to different evaluation methods for
sensory impairment and for depression, and to different study
population characteristics. Our study provides a new interpretation
and suggests a need for further investigation of the association
between sensory impairment and depression.

Self-perceived poor health, the second negative well-being
measure, showed an association in both sexes with vision impair-
ment but not with hearing impairment. In an earlier study, both
visual and hearing acuity were shown to predict self-reported health
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independently, but visual acuity was shown to be a more significant
factor than hearing acuity (Ostbye et al., 2006). Our findings agree
with this earlier study, but are even more pronounced. As self-
perceived poor health is known to predict mortality, our results may
also support another study showing that measured visual impair-
ment but not measured hearing impairment was predictive of
mortality (Reuben et al., 1999). Older adults may tend to perceive
vision loss a more serious health condition than hearing loss.

Reduced functional activity, the third negative well-being measure,
showed an association with vision impairment but not with hearing
impairment. This may be partially due to the fact that the index of
competence used in this study (TMIG-IC) includes three questions
closely related to visual acuity (the ability to fill out forms, read daily
newspapers, read books/magazines) and only one question directly
related to hearing acuity (the ability to initiate a conversation with
younger people). However, as a similar finding was reported in an
earlier cohort study (Reuben et al., 1999), this association is unlikely to
be solely due to the content of the questions.

Despite the strengths of the present study (the use of objective
sensory measurements, three different well-being outcomes, and
stratified analysis according to gender), there are also limitations.
First, due to the field setting nature of the study, only the essential and
minimal measurement items were used for classifying sensory
impairments: hearing impairment was assessed by a single frequency,
and visual impairment was evaluated by distance visual acuity.
Therefore, misclassification of sensory impairments may have
occurred, but such misclassification would likely occur non-differen-
tially and lead to bias towards the null. Second, since our analytic
model focused on life-threatening diseases, potential confounding by
other chronic conditions cannot be entirely ruled out. Third, the cross-
sectional design prevented us from making causal inferences from the
observed associations. Finally, since we used a 5-item depression scale
rather than a psychiatrist's diagnosis, the observed associations
cannot be applied to clinical depression.

DSI subjects accounted for a substantial proportion of the study
population. The significant association between DSI and negative
well-being strongly implies that DSI sufferers should be given priority
in the provision of healthcare, including both medical treatment and
rehabilitation programs. For example, more urgent treatment for
cataracts and diabetic retinopathy along with the provision of hearing
aids might be considered. The gender differences related to depression
observed in this study also suggest a need for gender-specific
strategies in healthcare policies.

Conclusions

The present study results suggest that sensory impairment is
prevalent among community-dwelling older adults, and that sensory
impairment has a significant association with depression, subjective
poor health, and declines in functional ability. A clear gender
difference was observed in the association between sensory
impairment and depression: vision impairment appears to play a
significant role in depression among females, while hearing impair-
ment may play a more significant role among males. With the aging
of Japanese society, the screening, prevention and treatment of
sensory impairment in community-dwelling older adults is likely to
become an important issue in preventing a decline in quality of life
for older adults.
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Hearing Handicap Predicts the Development of Depressive
Symptoms After 3 Years in Older Community-Dwelling Japanese
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OBJECTIVES: To examine the association between hear-
ing handicap and depressive symptoms in older community-
dwelling Japanese.

DESIGN: Community-based cohort study.

SETTING: Kurabuchi Town, Gunma Prefecture, Japan.

PARTICIPANTS: Five hundred eighty residents (261 men,
319 women) aged 65 and older without depressive symptoms.
MEASUREMENTS: In a baseline examination performed
in 2005/06, participants answered the 10-item screening
version of the Hearing Handicap Inventory for Elderly
(HHIE-S). They were divided into two groups according to
their scores: a group with no hearing handicap (HHIE-S
scores of <8) and a hearing handicap group (HHIE-S scores
of >10). The Geriatric Depression Scale was used to iden-
tify depressive symptoms in face-to-face home visit inter-
views conducted in 2008, and the association between
hearing handicap and depressive symptoms was assessed
using logistic regression.

RESULTS: The incidence of depressive symptoms was
19.6% in the group with a hearing handicap and 8.0% in
the group without a hearing handicap. When compared
with the subjects without hearing handicap, subjects with a
hearing handicap had a multiadjusted odds ratio of depres-
sive symptoms of 2.45 (95% confidence interval = 1.26—
4.77). The association remained significant even when
hearing impairment measured with pure-tone audiometry
was added to the multiadjusted model.

CONCLUSION: A hearing handicap can predict future
depressive symptoms in older community-dwelling people.
J Am Geriatr Soc 58:93-97, 2010.
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n older populations, hearing impairment is common,

with an estimated prevalence of between 30% and
60%,' and has a large effect on quality of life (QOL) in
older adults.® Age-related hearing loss (ARHL) first reduces
the ability to understand speech, especially in noisy condi-
tions, and later, the ability to detect, identify, and localize
sound.® Reduced ability to understand speech affects an
individual’s psychosocial situation and hence contributes to
social isolation, depression, and loss of self-esteem, al-
though studies vary in their assessments of associations be-
tween hearing impairment and mental health. Early studies
indicated that hearing impairment has a strong association
with depressive symptoms and dementia,”>® but more-
recent studies have failed to show any relationship between
higher audiometric thresholds and depression.®19

ARHL is usually diagnosed on the basis of the results of
several auditory tests such as pure-tone audiometry, and
speech discrimination tests, but using these auditory tests
presents problems in community-based settings, because
strict background noise controls, expensive equipment, and
trained technicians are required to perform them. Further-
more, these tests may fail to quantify the extent of the
handicap caused by hearing impairment or identify the type
of handicap (e.g., poor speech comprehension, disability in
communication, social isolation, and failure to notice
alarms).'’12 Therefore, applying auditory tests alone to
assess the association between hearing impairment and de-
pression is probably not ideal, and it was decided to eval-
uate hearing handicap in addition to performing auditory
examinations in this study. Of the several hearing handicap
questionnaires available,'1%14 the 10-item screening
version of the Hearing Handicap Inventory for Elderly
(HHIE-S)'* was chosen for the assessments. HHIE-S is well
validated,!® and it takes subjects only a few minutes to an-
swer the questions, making it easy to apply to community-
based research. Even so, few studies have evaluated the as-
sociation between HHIE-S score and depression.!®
The aim of this study was to determine whether hearing

handicap as assessed using the HHIE-S can predict depres-
sive symptoms, using data from a 3-year cohort study of
older community-dwelling Japanese.

JAGS 58:93-97,2010
© 2009, Copyright the Authors
Journal compilation © 2009, The American Geriatrics Society

0002-8614/09/$15.00
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METHODS

Study Population

The Kurabuchi study is an ongoing community-based co-
hort study of aging involving functional assessment of an
older population in Kurabuchi Town, Takasaki City (ap-
proximately 100 km north of Tokyo, Japan).17-1° In 2005/
06, all residents aged 65 and older, excluding those hospi-
talized or institutionalized, were enrolled (n = 1,294); 825
(63.8%) participated in detailed health examinations, in-
cluding hearing tests, performed in eight community cen-
ters. Those with depressive symptoms (Geriatric Depression
Scale 5-item version (GDSS5) score >1)2° at baseline were
further excluded, leaving 580 subjects (261 men, 319
women) for analysis.

The Ethics Committee of the School of Medicine,
Keio University (Tokyo, Japan), approved the study proto-
col, and written informed consent was obtained from
all participants.

Baseline Examinations

The Hearing Handicap Inventory for the Elderly (HHIE)
was developed as a self-assessment tool for evaluating
handicap from hearing loss in terms of the emotional and
social state of elderly people.!? The 10-item screening ver-
sion of the HHIE,® HHIE-S, is also widely used and is well
validated. Each item has three response options (no (score:
0), sometimes (score: 2), and yes (score: 4)), and the total
score range is from 0 to 40. The subjects were divided into
two groups according to their HHIE-S scores: a group with
no hearing handicap (HHIE-S score <8) and a hearing
handicap group (HHIE-S score >10).2!

Information on educational level (junior high school vs
high school or higher); living circumstances (alone vs with
family); smoking status (current smoker vs not); alcohol
drinking (current drinker vs not); hearing aid usage (yes vs
no); and past or current history of major illness, including
stroke, coronary heart disease, diabetes mellitus, cancer,
and Parkinson’s disease (summary of yes vs no). Because an
earlier study had shown a relationship between vision im-
pairment and depressive symptoms,® vision impairment
{defined as a corrected distance visual acuity of worse than
0.5 in the better eye, measured using a Landolt broken ring
chart at 5 m according to U.S. criteria??) was included as a
potential confounding factor. Pure-tone air-conduction au-
diometry was performed in a separate quiet room with an
audiometer (AA-56, RION Inc., Tokyo, Japan), which was
calibrated regularly to comply with Japanese standards.
Because of the field setting, only two signals were tested:
30db at 1kHz and 40 dB at 4 kHz, the two measurements
designated by the Japanese Industrial Safety and Health
Law for workers’ health examinations. In the present study,
subjects were classified as belonging to a measured hearing
impairment group if they failed to hear a 30 dB hearing level
signal at 1,000Hz in the better ear'® (daily conversation
in Japanese relies more on low-frequency signals than high-
frequency signals??).

Outcome

Trained public health nurses and local welfare commis-
sioners conducted face-to-face home visit interviews in

2008, during which subjects’ depressive symptoms were
evaluated according to the Geriatric Depression Scale 15-
item version (GDS15), one of the most useful and
well-validated questionnaire for depression in older popu-
lations.?* Each question in the scale elicits a yes-or-no
response, and scores are the sum of the depressive symp-
toms reported. Subjects scoring 6 or more were defined as
having depressive symptoms.?°

Statistical Analysis

STATA version 9 (STATA Corp., College Station, TX) was
used for all data analyses. The chi-square test and Fisher
exact test were applied to compare the baseline character-
istics of participants with and without a hearing handicap.
To determine the relationship between hearing handicap
and depressive symptoms, a logistic regression model was
used, and odds ratios (ORs) of depressive symptoms were
calculated. Age (continuous), sex, living circumstances,
smoking status, alcohol drinking, past and current history
of major illness, and measured vision impairment were in-
cluded in the multiadjusted model (Model 1). To examine
whether measured hearing impairment influenced the rela-
tionship between hearing handicap and depressive symp-
toms, hearing impairment based on pure-tone audiometry
was added to Model 1 (Model 2). In this study, none of the
variables included in the multiadjusted model were found to
interact with hearing handicap in determining the associ-
ation with depressive symptoms. A subgroup analysis ex-
cluding hearing aid users was also performed. Finally, all
analyses were repeated assuming first that the subjects who
were lost to follow-up had depressive symptoms and then
that they did not.

RESULTS

Outcome information was obtained on 548 participants
(94.5% of the original 580), with 32 lost to follow-up; 19
had died, eight had been admitted to a nursing home or
hospital, two had moved out of town, and three refused to
take part in home visit interviews. The followed partici-
pants were younger than those who were lost to follow-up,
but there were no differences in sex distribution or per-
centage of hearing handicap between those followed and
those lost.

The baseline characteristics of the subjects are shown in
Table 1. There was a higher percentage of men in the hear-
ing handicap group. The members of this group were also
older and had higher percentages of past or current history
of major illness, hearing impairment based on pure-tone
audiometry, and hearing aid usage. In contrast, there were
no differences between the two groups in educational level,
smoking status, alcohol drinking, or measured vision im-
pairment.

The relationship between hearing handicap and de-
pressive symptoms is summarized inTable 2. Subjects with a
hearing handicap (19.6%) had a higher incidence of de-
pressive symptoms than those without (8.0% (P =.001).
Using subjects without hearing handicap as the reference,
the OR of depressive symptoms for subjects with hearing
handicap was 2.45 (95% confidence interval [CI] = 1.26~
4.77) after adjusting for age, sex, living circumstances,
smoking status, alcohol drinking, past and current history
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Table 1. Baseline Characteristics of Study Participants
According to Hearing Handicap (2005/06)

Table 2. Depressive Symptoms for Hearing Handicap in
Older Community-Dwelling Japanese

n (%)
No Hearing Hearing
Handicap Handicap P-
Characteristic (n =436) (n=112)* Value'
Age £ e
65-69 122 (28.0) 12 (10.7)
7079 233(834)  58(51.9) )
>80 81 (18.6) 42 (37.5) <.001
Female 250 (57.3) 48 (42.9)
Male 186 (42.7) 64 (57.1) ..006
Education level
“Junior high school * - 298 (71.1) 83 (76.2) S
High school or higher 121 (28.9) 26 (23.8) .30
Living alone -~ , S V
Yes 47 (11.3) 8(7.3)
No , 370 (88.7) 101 (92.7) .23
Current smoker
Yes : 53 (12.6) 14 (12.8)
No 369 (87.4) 95 (87.2) .94
Current aicohol drinker et ‘
Yes 136 (32.5) 38 (35.5)
No - Lo 283(67.5) 69 (645) . .55
Past or current history of major iliness*
Yes - SR 83 (20.0) 35(33.3)
No 333 (80.0) 70 (66.7) .003
Measured vision impairment® S Rt
Impaired 91 (20.9) 27 (24.1)
Not impaired S 344.(79:0) 85 (75.9) )
Measured hearing impairment!
Impaired 43 (9.9) 60 (54.0)-
Not impaired 393 (90.1) 51 (46.0) <.001
Hearing aid usage S o
Yes 2 (0.5) 22 (19.6)
No' o 434(995) 90 (80.4) <.001

Number of cases may not add up to 436 or 112 because of missing data.

* Participants who had Hearing Handicap Inventory for the Elderly Screening
scores of 10 or more were considered to have hearing handicap.

¥ Chi-square or Fisher exact test.

¥Past or current history of major illness: stroke, coronary heart disease, di-
abetes mellitus, cancer, and Parkinson’ disease.

$ Corrected distance visual acuity worse than 0.5 in the better eye.

I Failure to hear the 30 dB hearing level signal at 1kHz in the better ear.

of major illness, and measured vision impairment (Model
1). Even when measured hearing impairment was added to
the multiadjusted model (Model 2), hearing handicap re-
mained an independent predictor of depressive symptoms
(OR=2.81, 95% CI=1.30-6.07), although measured
hearing impairment was not associated with depressive
symptoms (OR of depressive symptoms=0.77, 95%
CI = 0.34-1.75). In a subgroup analysis excluding hearing
aid users, hearing handicap was also associated with de-
pressive symptoms (multiadjusted OR (Model 2) = 2.60,
95% CI =1.17-5.77). In further analyses in which subjects
who were lost to follow-up were first assumed to have

No Hearing Hearing

Handicap Handicap P-

(n = 436) (n=112)* Value
Depressive symptoms, n (%) 35(80)  22(198)
Crude, OR (95% Cl) Reference  2.80 (1.56-5.00) .001
Age- and sex-adjusted, OR (95% CI) - Reference - -2.25 (1.21-4.18)- .01~
Model 1, OR (95% Clj* Reference  2.45 (1.26-4.77) .009
Model 2, OR (95% CI)S - _ Reference’  2.81 (1.30-6.07). .008

* Participants who had Hearing Handicap Inventory for the Elderly Screening
scores of 10 or more were considered to have hearing handicap.

Score >S5 on the 15-item Geriatric Depression Scale.

* Adjusted for age, sex, education level, living circumstances, smoking status,
alcoho! drinking, past and cutrent history of major illness, and measured
vision impairment.

§ Also measured hearing impairment.

OR = odds ratio, CI = confidence interval.

depressive symptoms and then assumed not to, the results
did not change substantially (multiadjusted OR (Model
2)=2.59, 95% CI=1.31-5.09, and multiadjusted OR
(Model 2) = 2.69, 95% CI = 1.25-5.77, respectively).

DISCUSSION

This community-based cohort study showed that hearing
handicap assessed according to the HHIE-S is clearly asso-
ciated with the future occurrence of depressive symptoms.
In the literature, some cross-sectional studies have indicated
that hearing impairment is associated with mental state in
clinical” or field settings,® but several recent cross-sectional
field studies in which hearing impairment was evaluated
with audiometry found no association between hearing im-
pairment and depressive symptoms.®>1? To the best of the
knowledge of the authors of the current article, this is the
first longitudinal study to confirm that hearing handicap
can predict depressive symptoms.

It has been said that auditory tests fail to identify what
kind of hearing difficulties people have.'*-}? Pure-tone au-
diometers assess only the minimum sound intensity level
someone can perceive. They do not assess, for example, the
ability to catch speech, which such factors as the speaker’s
pronunciation, the way they speak, and ambient noise
affect. Moreover, auditory tests cannot assess the emotional
distress of hearing-impaired people, who social and com-
munication troubles with their families and other people
strongly affect. These factors may well explain why several
studies in which hearing impairment was assessed using
audiometers failed to find any association between hearing
impairment and depressive symptoms. 0

By contrast, HHIE-S was developed to assess the diffi-
culties that a hearing-impaired individual may experience in
a variety of situations, together with the psychosocial effect
of hearing impairment.!! HHIE-S includes questions about
real-life situations (e.g., “Does a hearing problem cause you
difficulty when listening to TV or radio?” “Does a hearing
problem cause you difficulty when in a restaurant with rel-
atives or friends?”) and the subject’s emotional states (e.g.,
“Does a hearing problem cause you to feel embarrassed
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when meeting new people?” “Does a hearing problem cause
you to feel frustrated when talking to members of your
family?”).!1 The severity of hearing impairment as
evaluated using an audiometer was associated with self-
reported communication difficulties and activities of daily
living (ADLs), but self-reported hearing handicap evaluated
using the HHIE-S correlated more closely with impaired
ADLs and QOL as assessed using the Medical Outcomes
Study 36-item Short Form Survey scores than with audio-
metric results.?® Impaired ADLs and QOL are directly as-
sociated with mental health, including depression.?” Thus,
although auditory tests may be useful to some extent for
evaluating the effect of hearing impairment on mental
health, they cannot be fully relied on. The results of the
current study, which indicate that hearing handicap is a
better predictor of future depressive symptoms and that the
prevention of hearing handicap may be a useful strategy
for preventing depression in older people, seem to be more
reliable.

The use of hearing aids can reverse the adverse effects
of hearing impairment on QOL in elderly people,?® but
because hearing aids simply adjust sound intensity and do
not restore normal hearing, providing hearing aids is not
enough to improve hearing handicaps and prevent depres-
sive symptoms induced by ARHL. For good hearing
rehabilitation, the emphasis should be on giving people
proper information about hearing impairment, gradually
introducing them to hearing aid use, and teaching hearing
strategies (e.g., lip reading, nonverbal signals, asking others
to speak more clearly).?? The HHIE scores of older people
with hearing impairment who were given education pro-
grams in communication improved after 1 year; no signifi-
cant changes were observed in the control group.*° In
addition, communication is a two-way process; the burden
of communication falls equally on the speaker and listener.
For older people, the key people in their lives are the family
members they live with and their close friends. Therefore,
effective education for the families and friends of older
people with hearing impairment is probably also necessary
for good communication to be achieved. To prevent the
induction of depressive symptoms by hearing impairment,
healthcare strategies for ARHL must include education
about the nature of hearing impairment and proper hearing
aid use, and such education must be given not only to
people with hearing impairments themselves, but also to
their families, friends, and even all community-dwelling
people. It is hoped that the validity of this belief will be
confirmed in further intervention studies.

Despite the strengths of the present study (the use of
standardized audiometric techniques and well-documented
self-reporting questionnaires, taking many potential con-
founders into consideration, and its longitudinal design),
there are also some limitations. First, because of the field
setting nature of this study, hearing impairment was as-
sessed only at a single sound frequency. Second, depressive
symptoms were assessed using a questionnaire and were not
confirmed by a psychiatrist. Therefore, caution is necessary
in applying the results to clinical situations.

In conclusion, this study supports the hypothesis that
hearing handicap can be used as a predictor of future de-
pressive symptoms in older community-dwelling people
and suggests that the social and emotional conditions of

people with hearing impairment have an important bearing
on their mental health.
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Available online xxxx Objective. Most studies of the association between tinnitus and depression have been cross-sectional,
making it difficult to draw any conclusions about the directionality of the association. This study aimed to
1<_3yV‘f°Td55 clarify whether tinnitus precedes the development of depressive symptoms in a general older population.
Tinnitus Methods. Residents of Kurabuchi Town, Gunma Prefecture, Japan (239 men, 296 women: =65 years)
ggr%r;ssg?y-base d without depressive symptoms were given health examinations in 2005-2006. Information on tinnitus was
Cohort obtained via a questionnaire. Depressive symptoms were then assessed in a face-to-face home visit inter-
Aged views carried out once in 2007 and once in 2008 according to the Geriatric Depression Scale 15-item version
(GDS15).

Results. Among the men, the 2.5-year incidence of depressive symptoms (GDS15 = 6) was higher in those
with tinnitus than in those without (20.5% vs. 9.5%). In the multi-adjusted model, tinnitus was significantly
associated with an increased risk of depressive symptoms (relative risk=2.07; 95% confidence interval =
1.01-4.25). Among the women, no associations were found.

Conclusion. In the present study, tinnitus was independently associated with the risk of depressive symp-
toms developing in men, but not in women. We believe primary care providers and public health staff should
recognize tinnitus as a risk factor for depressive symptoms.

© 2013 Elsevier Inc. All rights reserved.
Introduction (Langguth et al,, 2011; Michikawa et al., 2010) and many treatment mo-

Tinnitus, defined as the perception of sound without external audi-
tory stimulus (Lockwood et al., 2002), is closely associated with depres-
sion (Langguth et al,, 2011), but the cross-sectional design of earlier
studies has limited the conclusions that can be drawn about the tempo-
rality of the association, i.e. whether tinnitus precedes depression. In
older adults, tinnitus is a relatively common complaint, with prevalence
estimated to be more than 10% (Ahmad and Seidman, 2004). Depres-
sion has a strong negative impact on well-being (Reynolds et al,
2012), so primary prevention of depression is desirable from a public
health point of view. Given the association of tinnitus with depression
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dalities to improve symptoms of tinnitus (Seidman et al., 2010), it is im-
portant to establish whether the association is a causal one, i.e. whether
tinnitus is a risk factor of depression. Therefore, we attempted to estab-
lish a causal link between tinnitus and depressive symptoms in a
community-based study of older Japanese.

Methods
Study population

Between 2005 and 2006, all residents aged 65 years or older of Kurabuchi
Town, Gunma Prefecture, Japan, excluding those hospitalized or institution-
alized, were enrolled in a cohort study (The Kurabuchi Study); 834 of them
(64.5%) participated in the baseline health examinations (Michikawa et al.,
2012, 2013; Saito et al.,, 2010). Of these, the 549 participants (244 men, 305
women) with no depressive symptoms (Geriatric Depression Scale {GDS]
5-item version < 1) at baseline were questioned about whether they had tin-
nitus. The protocol was approved by the Keio University Ethics Review Board,
and written informed consent was obtained from all participants.
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Measures

Because tinnitus is a subjective experience, the subjects were classified as
having tinnitus or not on the basis of their response (“Yes” or “No”) to the
following single question (Michikawa et al.,, 2010): “Have you experienced
any ringing, buzzing or other sounds (tinnitus) in your ears within the past
year?”

Face-to-face home-visit interviews were performed once in 2007 and once
in 2008. Trained public health nurses and local welfare commissioners collected
information on depressive symptoms according to the GDS15-item version
(score: 0-15), one of the most useful and well-validated questionnaire for
older populations (Sheikh and Yesabage, 1986). Subjects choose yes or no an-
swers to questions asking how they felt over the past week. In the present
study, participants with scores of 6 or more in either 2007 or 2008 were consid-
ered depressed (Michikawa et al., 2012; Saito et al., 2010).

Statistical analysis

Of the 549 participants, outcome information was obtained on 535 (239
men, 296 women); 9 of the other 14 had died, 4 had been admitted to nursing
homes or hospitals, and 1 (0.2%) was lost to follow-up. Thus, we analyzed 535
participants to determine the association between tinnitus and depressive
symptoms. Stata version 11 (StataCorp) was used to perform the statistical
analysis.

We found moderate evidence of interaction between tinnitus and sex (p for
interaction =0.10), so all analyses were performed after stratification by sex.
Poisson regression with robust error variance (Zou, 2004) was used to estimate
the relative risks (RRs) with 95% confidence intervals (Cls) of depressive symp-
toms associated with tinnitus. In Model 1, we adjusted for age (continuous),
hearing impairment, and hearing handicap, which are the factors strongly asso-
ciated with tinnitus (Gopinath et al,, 2010; Michikawa et al,, 2010). For hearing
impairment, subjects were categorized into 2 groups according to their ability
to hear a 30 dB HL signal at 1 kHz in the better ear (Saito et al., 2010), because
daily conversation in Japanese relies more on low-frequency signals than on
high-frequency signals (Okamoto et al., 2004). We defined hearing handicap
as a score of >10 in the Hearing Handicap Inventory for Elderly: Screening
version (Lichtenstein et al., 1988). In Model 2, self-reported history of coronary
heart disease, knee joint pain, vision impairment, and serum levels of

dehydroepiandrosterone-sulfate were adjusted for. These covariates were pre-
viously found to be associated with tinnitus or depressive symptoms (Harada
et al,, 2008; Michikawa et al., 2012; Saito et al., 2010).

Results

Table 1 summarizes the baseline characteristics of the participants
with or without tinnitus by sex. In both men and women, those with
tinnitus were more likely to have hearing impairment and hearing
handicap; the men with tinnitus were also more likely to use hearing
aids than those without. No differences in the distribution of the
other variables were found in relation to tinnitus.

During the average follow-up period of 2.5 years, the cumulative
incidence of depressive symptoms was 20.5% among men with tinni-
tus, and 9.5% among those without (Table 2). The men with tinnitus
had a statistically significant increased risk of depressive symptoms
(Model 2: RR=2.07; 95% C1=1.01-4.25), which persisted after fur-
ther adjustments and restricted analyses. Conversely, no association
between tinnitus and depressive symptoms was observed in women.

Discussion

As far as we know, only one study of older community-based sub-
jects has longitudinally examined the association between tinnitus
and depressive symptoms (Gopinath et al, 2010). However, that
study did not consider depressive symptoms at baseline, so ours is
the first to present data on the temporal association between tinnitus
and depressive symptoms in a general older population.

We observed a sex-specific association between tinnitus and de-
pressive symptoms. A recent physiological study showed a different
response to tinnitus between men and women in the orbitofrontal
cortex, an important region for the emotional processing of sounds
(Vanneste et al,, 2012), so a sex-specific association is perhaps not
surprising. However, it is still not entirely clear why we observed an
association between tinnitus and depressive symptoms only in men.

Table 1
Baseline characteristics (2005-2006) of participants in the Kurabuchi Study.

Variables Tinnitus Men (n=239) P-value®  Women (n=296) P-value?
No (n=200) Yes (n=39) No (n=248) Yes (n=48)
number (%) number (%) number (%) number (%)

Age (years) 65-69 46 (23.0) 10 (25.6) 73 61 (24.6) 11 (22.9) 97

70-79 111 (55.5) 19 (48.7) 130 (52.4) 26 (54.2)
80- 43 (21.5) 10 (25.6) 57 (23.0) 11 (22.9)

Educational level Elementary or junior high school 135 (69.6) 27 (69.2) .97 180 (73.5) 38 (80.9) 29

Living circumstances Alone 13 (6.6) 2(5.1) 73 34 (14.1) 6 (12.8) .82

Social activities None/occasional 80 (41.0) 17 (43.6) 77 135 (55.3) 26 (56.5) .88

Current smoker Yes 52 (26.5) 8(20.5) 43 7 (2.9) 1(2.1) .78

Current alcohol drinker Yes 110 (56.4) 25 (64.1) .38 30 (12.3) 5(10.9) 79

Vision impairment® Yes 31 (15.5) 10 (25.6) 12 73 (29.4) 9(18.8) 13

Hearing impairment® Yes 28 (14.0) 10 (25.6) .07 49 (19.8) 14 (29.8) 12

Hearing handicap® Yes 41 (20.8) 18 (44.7) <.01 33 (134) 15 (31.3) <.01

Hearing aid usage Yes 5(2.5) 3(7.7) .10 7(2.8) 1(2.1) 79

Functional activities® Reduced 13 (6.7) 4(103) 43 24 (9.9) 3(64) 45

Cognitive function Impaired 23 (11.5) 8 (20.5) 13 45 (18.2) 8(16.7) .80

Serum levels of dehydroepiandrosterone-sulfate (umol/L)® 2.22 (1.78) 2.36 (1.63) .56 1.35 (1.94) 1.23 (2.67) 35

History of diabetes” Yes 46 (24.0) 11 (28.1) 58 35 (14.5) 7 (14.9) 95

Self-reported history of stroke Yes 16 (8.4) 3(7.9) 92 14 (5.8) 1(2.1) 30

Self-reported history of coronary heart disease  Yes 19 (10.0) 7 (184) .14 20 (8.3) 4 (8.5) 97

Self-reported history of cancer Yes 8 (4.2) 2 (5.3) 76 7(2.9) 1(2.1) .76

Knee joint pain in the last year No pain 124 (63.9) 21 (53.9) 36 139 (56.5) 22 (46.8) 24

? The chi-square test or Student t-test.

b Vision impairment was defined as a corrected visual acuity of worse than 0.5 in the better eye.

¢ Subjects were classified as belonging to the hearing impairment group if they failed to hear the 30 dB HL signal at 1 kHz in the better ear.
4 Hearing handicap was defined as a score of >10 in the 10-item screening version of Hearing Handicap Inventory for Elderly.

;’ Reduced functional activities were defined as a score of <10 in the Tokyo Metropolitan Institute of Gerontology Index of Competence.

Cognitive impairment was defined as a score of <3 in the Clock-Drawing Test.
¢ Geometric mean (geometric standard deviation).
P Diabetes was defined as self-reported and/or hemoglobin of A;.>5.8%.
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Table 2

The 2.5-year incidence of depressive symptoms caused by tinnitus in the community-dwelling Japanese older adults: the Kurabuchi Study, 2005-2008.
Tinnitus Men (n=239) P-value  Women (n=296) P-value

No (n=200) Yes(n=39) No (n=248)  Yes(n=48)

Incidence (%) 95 20.5 19.0 18.8
Age-adjusted RR (95% CI) Reference 2.18 (1.08-4.42) .03 Reference 0.93 (0.49-1.77) .83
Model 1%, RR (95% CI) Reference 2.15 (1.06-4.35) .03 Reference 0.84 (0.42-1.67) 61
Model 2°, RR (95% CI) Reference 2.07 (1.01-4.25) .04 Reference 0.89 (0.43-1.84) .76
Model 2 + social factors®, RR (95% CI) Reference 2.19 (1.01-4.72) .05 Reference 0.88 (0.43-1.83) 74
Model 2 +lifestyled, RR (95% Cl) Reference 2.12 (1.00-4.47) .05 Reference 0.92 (0.45-1.91) .83
Model 2 + history of major illnesses®, RR (95% CI) Reference 2.05 (0.99-4.23) .05 Reference 0.90 (0.43-1.87) .78
Model 2 + functional activities and cognitive function’, RR (95% CI) Reference 2.25 (1.06-4.77) .04 Reference 1.00 (0.48-2.10) .99
Model 2 excluding subjects using hearing aids®, RR (95% Cl) Reference 232 (1.12-4.80) .02 Reference 0.89 (0.40-1.95) 77
Model 2 excluding subjects with severe hearing impairment”, RR (95% Cl) Reference 244 (1.13-5.28) .02 Reference 0.84 (0.39-1.80) 65

RR: relative risk; Cl: confidence interval.

2 Adjusted for age (continuous), hearing impairment (yes, no), and hearing handicap (yes, no).

b5 Model 1+ self-reported history of coronary heart disease (yes, no), knee joint pain in the last year (no pain, pain without medical consultation, pain requiring medical consul-
tation), vision impairment (yes, no), and serum levels of dehydroepiandrosterone-sulfate (quartiles).

¢ Model 2 + educational level (elementary or junior high school, high school or higher), living circumstances (alone or with spouse/family/others), and social activities (none/

occasional, regular/constant).

4 Model 2 ++smoking status (current smoker or not) and alcohol drinking (current drinker or not).

¢ Model 2 + history of diabetes (yes, no), and self-reported history of stroke (yes, no) and/or cancer (yes, no).

 Model 2 + functional activities (reduced or not) and cognitive function (impaired or not).

& Model 2 excluding subjects using hearing aids (8 men, 9 women) because hearing aids are sometimes used to treat tinnitus.

b Model 2 excluding subjects with severe hearing impairment (23 men, 30 women) as a failure to hear a 50 dB HL signal at 1 kHz to avoid psychological effect by social isolation.

Cross-sectional studies have not revealed this sex-specific association
(Michikawa et al., 2010; Vanneste et al., 2012). One possible explana-
tion is that persistent (chronic) tinnitus, which is more common in
men because of hearing impairments caused by occupational noise
exposure (Palmer et al,, 2002), can lead to depressive symptoms.
We did not assess the persistence of tinnitus, so further studies are re-
quired to investigate this factor.

The present study points to the need for new strategies to combat
tinnitus as a way of preventing depression in community-dwelling
older adults. Prevention would provide broad public health benefits, be-
cause depression has various negative effects on well-being, such as re-
duced quality of life, impaired functional activities, and suicide thoughts
(Fiske et al., 2009). Tinnitus is a common complaint, so if it is confirmed
as a risk factor for depression, effective screening and management will
be important in preventing depression. Screening for tinnitus can be
done simply with the question we used in our survey. Although there
is no single effective treatment for tinnitus, various measures can im-
prove symptoms. For example, the alleviation of hearing difficulties
with hearing aids or cochlear implants, tinnitus retraining therapy,
masking therapy, and transcranial magnetic stimulation are known to
have beneficial effects (Seidman et al., 2010).

The present study has several strengths: negligible loss to follow-up,
the use of an internationally accepted and well-validated questionnaire
(GDS), and our ability to adjust for various confounding factors. This
was a prospective cohort study, so we were able to exclude subjects
with depressive symptoms at baseline. However, baseline screening
was done with GDS5 rather than GDS15, so depressive symptoms
might have been underestimated. Therefore, the possibility of reverse
causation cannot be completely ruled out in the association between
tinnitus and depressive symptoms. In addition, we cannot exclude the
possibility of unmeasured and residual confounding, Further studies
are required to firmly establish whether tinnitus has a causal associa-
tion with depressive symptoms.

Conclusions

We conclude that tinnitus is associated with an increased risk of
incident depressive symptoms in Japanese community-dwelling
older men, but not in older women. We believe primary care pro-
viders and public health staff should recognize tinnitus as a risk factor
for depressive symptoms.
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