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We assessed the changes in cognitive function with aging among Japa-
nese community-dwelling middle-aged and elderly over eight years. The
subjects were about 2,300 men and women aged 40 to 79 at the 1st wave
examination, who were the participants in the NILS-LSA (National Institute
for Longevity Sciences-Longitudinal Study of Aging). The score of MMSE
(Mini Mental State Examination) among aged 60 and over showed positive
relationship with age in the cross-sectional study, but did not show age-
related change among aged 60-64 over 6 years in the longitudinal study.
The prevalence of dementia (MMSE=23) was 4.2% in aged 60 to 64,
6.0% in aged 65 to 69, 8.0% in aged 70 to 74 and 9.1% in aged 75 to 79.
The incidence of dementia was 1.5% per year among aged 60 and over.
The incidence elevated exponentially with aging, and reached 4.0% per
year among aged 80 and over. As for intelligence, information and similari-
ties scores in WAIS-R-SF (Wechsler Adult Intelligence Scale-Revised
Short Forms) elevated among the 40s’ and the 50s’ over 8 years period.
The score of picture completion elevated even among the 60s’. The score
of similarities and digit symbol decreased signiﬂcanﬂy among the 70s’ over
8 years, but those of information and picture completion did not show sig-
nificant change even among the 70s’ over 8 years. i
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Abstract

Objectives: Arterial sclerosis contributes to inadequate biood supply to multiple organs, suggesting that general atherosclerosis may play an
important role in the inner ear. Since noise is a major etiology for hearing loss, the aim of this study was to evaluate both the respective and the
combined effects of arterial sclerosis and occupational noise exposure on hearing after accounting for age in middle-aged and elderly men.
Methods: The evaluation was conducted using 773 subjects from a population-based sample of 1189 men, aged 40-83 years. The impact of
carotid atherosclerosis (CA) or retinal arteriolosclerosis (RA) on hearing was assessed according to history of occupational noise exposure
{Noise) obtained in a questionnaire. Differences in the mean pure-tone thresholds at each frequency, between the CA (+) and CA (—) groups or
between the RA (+) and RA (—) groups, based on noise exposure were compared using the general linear model (GLM) Procedure in SAS,
with adjustments for age. Then, the main effect of CA or RA, and the interactive effect of noise and either CA or RA on pure-tone threshold at
seven frequencies were analyzed using an analysis of covariance (ANCOVA), after adjusting for age.

Results: In the Noise (+) group, a statistically significant deterioration in hearing was found in the CA (+) group compared with the CA (-)
group at 500 and 1000 Hz. The results in RA were significant at even lower frequencies than in CA. In the results from ANCOVA, the
significant main effect of CA was shown in the pure-tone threshold at 8000 Hz, but not in the analysis of RA. A significant interactive effect of
either CA or RA and Noise was observed in hearing at the range from 125 to 1000 Hz.

Conclusions: The present study suggests that the impact of arterial sclerosis on hearing is limited but significantly hazardous in middle-aged
and elderly men, and that arterial sclerosis exacerbates the deleterious effects of noise on hearing. Early recognition of arterial sclerosis might
be contributory to the hearing prognosis after middle age, especially for noise-exposed men.

© 2010 Elsevier Ireland Ltd. All rights reserved.

Keywords: Carotid atherosclerosis; Retinal arteriosclerosis; Population study; Hearing loss; Noise exposure

1. Introduction

Arterial sclerosis contributes to the pathogenesis and the
risk of inadequate blood supply to multiple organs,

* This study was partially supported by a Grant-in-Aid for Comprehen-
sive Research on Aging and Health, from the Ministry of Health, Labour
and Welfaré€ of Japan (H17-choju-ippan-033). The Ministry played no role
in the design, analysis and interpretation of data, or writing of the study.

* Corresponding author. Tel.: +81 562 46 2311, fax: +81 562 44 8518.

E-mail address: yasueu@ncgg.go.jp (Y. Uchida).

suggesting that general atherosclerosis may play an
important role in reducing blood flow to the inner ear.
The cochlea is richly supplied with blood vessels and
previous studies have shown that reductions in cochlear
blood supply induce hearing threshold shifts [1]. However,
the impact of either atherosclerosis or arteriolosclerosis on
hearing has not been well investigated.

Noise exposure is a major etiology of hearing loss [2,3].
Noise causes various mechanical damages in the cochlea. The
outer hair cells are the most prominent pathological target and

0385-8146/% — see front matter © 2010 Elsevier Ireland Ltd. All rights reserved.
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with more severe noise exposures, the pathology spreads to
include inner hair cell death, loss of auditory nerve fibers, and
damage to stria vascularis [3]. As a long-term result of noise
exposure, the overall size of the stria vascularis shrinks. Noise
exposure is implicated to reduce cochlear blood flow [1,4,5].
Therefore, arterial sclerosis may contribute to noise-induced
cochlear damage and pathogenesis.

The objectives of the present study were to evaluate both
the respective and the combined effects of arterial sclerosis
and occupational noise exposure on hearing, after account-
ing for age in a population-based sample of men. Intima-
media thickness (IMT) and the stage of Keith, Wagener, and
Barker (KWB) classification of the retinal arteriole were
used as parameters to assess the severity of arteriosclerosis
and atherosclerosis.

2. Methods
2.1. Study subjects

The National Institute for Longevity Sciences-Long-
itudinal Study of Aging (NILS-LSA) is a population-based
cohort study of aging and age-related diseases, which has
been conducted in the city of Obu and town of Higashiura,
Aichi Prefecture, positioned in the center of Japan. The
study consists of measurements of visual and auditory
function, blood chemical analysis, body composition and
anthropometry, physical function, nutritional analysis, and
psychological tests. The study protocol was approved by the
Committee of the National Center for Geriatrics and
Gerontology. All participants gave their written informed
consent before participating in the study. Details of the study
purpose, design, and examination procedures have been
described elsewhere [6].

The subjectsin this study were selected from 1189 men who
participated in a third wave examination of the NILS-LSA
from May 2002 to May 2004. Of the 1189 participants, 393
subjects had previously suffered from ear diseases and were
excluded. Out of the remaining 796 subjects, 773 subjects
between 40 and 83 years of age who had no missing data were
included in the study. There were not enough females with a
history of occupational noise exposure for analysis, so this
study investigated noise exposure only in males.

2.2. Audiometry

Air conduction pure-tone thresholds at octave intervals
from 125 to 8000 Hz for the right and left ears were obtained
using a test method recommended by the Japan Audiological
Society (Audiology Japan, 1990), using a diagnostic
audiometer (AA-73A, RION, Tokyo) calibrated according
to JIS (Japanese Industrial Standards T 1201). Thresholds
over the maximum output level of the audiometer were
recorded as the level plus an additional 5 dB (that is to say,
105 dB at 5004000 Hz, 75 dB at 125 Hz, 90 dB at 250 Hz,
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and 100 dB at 8000 Hz). The better-hearing ear (BE) was
used for the analysis, depending on the average thresholds at
500, 1000, 2000, and 4000 Hz, in accordance with the World
Health Organization classification [7].

2.3. Occupational noise exposure

Participants filled out detailed questionnaires prior to
their examination visit. Information on occupational noise
exposure was also recorded using a self-administered
questionnaire. Occupational noise was defined as back-
ground noise in a work environment over which the worker
could not hold a conversation in a normal voice. Subjects
with previous and current noise exposures were collectively
viewed as the Noise (+) group.

2.4. IMT measurements

Carotid artery ultrasound scanning was carried out using
an Ultrasonic Tomography (EUS-655, Hitachi Medical
Corp., Japan) with a 10 MHz linear artery transducer,
Subjects were examined in a supine position with the neck
extended. Walls of the common carotid artery (CCA) were
scanned longitudinally and transversely to assess the
maximal and minimal IMT points of the CCA. All IMT
measurements were made in longitudinal planes where the
maximal or minimal IMT points could be well identified.
The IMT was defined as the distance between the inner
echogenic line representing the intima-blood interface and
the outer echogenic line representing the adventitia-media
junction, as described by Pignoli et al. [8).

The MAX-IMT was defined as the greater maximum IMT
in the CCA on both sides. If the MAX-IMT was greater than
or equal to 1.1 mm [9], the subject was considered to have
carotid atherosclerosis positive (CA (+)), and if the MAX-
IMT was less than 1.1 mm, the subject was labeled as carotid
atherosclerosis negative (CA (—)). The subjects were
divided into the four following groups to analyze the
effects of noise exposure and MAX-IMT: (1) Noise (=) CA
(-), (2) Noise (+) CA (-), (3) Noise (—) CA (+), and (4)
Noise (+) CA (+).

2.5. Retina fundus camera

Fundus photographs were taken with a Topcon fundus
camera (TRC-NWS5S) at 20° and 45° angles for each eye
without pupil dilation. Diabetic retinopathy, arteriolosclero-
sis, and macular degeneration were assessed on photographs
taken at 45° angles. Vertical cup to disc ratio was measured
on photographs taken at 20° angles. The participants were
kept in the dark while the operator focused the camera on the
retinal plane using infrared light and a television monitor.
The picture was taken with a flash of light. Color and red-
free pictures were obtained.

We use the term retinal arterj,\olosclerosis (RA)toreferto
narrowing of the retinal arterioles included in the Keith,



