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Overview of a longitudinal study of aging, the NILS-LSA, and some evidences
of the association between fish-oil intakes and depression among
the middle-aged and elderly
Fujiko ANDO, Hiroshi SHIMOKATA

Department of Epidemiology, National Institute for Longevity Sciences, National center for

Geriatrics & Gerontology

Summary

It is now widely accepted that a longitudinal study is one of the best approach for epidemiologic studies of
aging and agerelated diseases. We introduce an epidemiologic study of aging (NILS-LSA: National Institute
for Logevity Sciences - Longitudinal Study of Aging). We also describe the results of cross-sectional and lon-
gitudinal analyses in the association of fish-oil intakes and depression.

Substantial amounts of DHA (dochosahexaenoic acid), one of poly-unsaturated fatty acids (PUFAs) in fish-
oil, are critical for neurite growth and proper brain development. Furthermore, recently some reported the
relationship of PUFA intakes and depression and phychiatric disorders. In the present study we found that
fish-oil intakes prevented middle-aged men from depression after 2 years. The results suggest that PUFAs

might have a preventive effect on depression among middle-aged men.

Key words: epidemiology, depression, DHA(dochosahexaenoic acid), longitudinal study, aging
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Abstract

Objective: Otoacoustic emissions (OAEs) are useful clinical tools that can be used as a test to reflect hearing, especially cochlear function.
When OAEs are recorded, the sound energy is conducted inwards and outwards through the middle ear system, but the degree to which the
middle ear condition affects the OAEs level remains obscure. The objectives of the present study were to estimate the effect of the condition of
the middle ear expressed by multifrequency tympanometry on the distortion product otoacoustic emissions (DPOAES) adjusting for age and
the corresponding pure-tone thresholds.

Subjects and methods: The evaluation was conducted using 1043 subjects without a history of ear disease or occupational noise exposure out
of a population-based sample of 2259 adults aged 40-82 years. Multifrequency tympanometry, DPOAEs, and pure-tone audiometry were
administered. The resonance frequency (RF), static admittance (SA) and tympanometric peak pressure (PP) were taken as variables
representing middle ear function. Subjects were categorized into three groups of variables <5th percentile, between 5th and 95th percentile,
and >95th percentile. The signal-to-noise ratio in DPOAE levels were compared among three groups adjusting for age and the pure-tone
threshold level.

Results: Both abnormally high and low RF exerted a negative effect on DPOAEs. Smaller RF values were related to smaller DPOAESs for the
frequency around 1000 Hz, and greater RF values were related to smaller DPOAEs for the frequency around 4000 Hz. The tendency was
similar between genders, Abnormally high SA had a negative influence on DPOAESs, while abnormally low SA had no significant effect on
either gender. Smaller PP values were significantly related to smaller DPOAES.

Conclusions: We interpreted the findings of the present study as verification of the effect of the condition of the middle ear on DPOAEs after
adjustment for age and the pure-tone threshold level, although ears out of normal range in tympanometric variables might conceivably include
not only middle ear dysfunction but also inner ear abnormality. Tympanometric assessment must always be taken into account when OAEs are
analyzed for an estimation of the cochlea function.

© 2006 Elsevier Ireland Ltd. All rights reserved.

Keywords: Multifrequency tympanometry; Resonance frequency; Distortion product otoacoustic emissions (DPOAE)

1. Introduction

Otoacoustic emissions (OAEs) are the sounds produced

in the cochlea. The sounds are considered to be the result of

% Corresponding author. Tel.: +81 562 46 2311; fax: +81 562 44 8518. vibrations generated by the activity associated with healthy
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microphone in the ear canal. OAEs are useful clinical tools
that can be used as a test to reflect hearing, especially
cochlear function. As audiometric thresholds become worse,
the magnitude of the OAEs response decreases. OAEs could,
however, fluctuate with the condition of the middle ear, since
the sounds are picked up via the middle ear. Only a few
large-scale studies have been done to assess how much the
middle ear condition could independently affect OAEs [1].

Distortion product otoacoustic emissions (DPOAEs) are
useful for clinical testing of cochlear function with frequency-
specific information. DPOAEs are produced when two
stimulus pure-tones with different frequencies (f; and f5)
are presented to the ear simultaneously. The location of the
cochlea that is being assessed during DPOAE measurement is
usually defined by the geometric mean of f| and f5, though the
DPOAE occurs at a frequency of 2f; — f» [2.3].

The aim of the present study was to investigate the
influence of middle ear status expressed by multifrequency
tympanometry on the DPOAE response after adjustment for
pure-tone thresholds and age in a population-based adult
sample.

2. Materials and methods

As part of the Longitudinal Study of Aging conducted by
the National Institute for Longevity Sciences (NILS-LSA),
audiological measurements were examined [4]. The audio-
logical examinations included otoscopy, pure-tone audio-
metry, multifrequency tympanometry and DPOAEs.
Demographic characteristics, personal history, family
history, lifestyle habits, and various medical problems were
obtained from detailed questionnaires filled out in advance
of the examination visit.

The subjects were 2259 adults aged 40-82 years old who
participated in NILS-LSA between May 2000 and May
2002. Participants who reported either suffering from any
ear disease at any time in their life or uncertainty about
whether they had suffered from an ear disease were
excluded. Subjects who reported former or current
exposure to occupational noise, which was defined as
background noise in a work environment over which the
worker could not hold a conversation in a normal voice,
were also excluded. By this elimination 1028 persons were
excluded. Furthermore, participants who refused or did not
complete a series of audiological tests, and those who had
too much earwax to be examined, were also excluded. Data
on 1043 (507 males and 536 females) were analyzed in the
present study.

Air-conduction pure-tone thresholds at octave intervals
from 0.5 to 8 kHz 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). The
thresholds over the maximum output level of this audiometer
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were treated as a level plus an additional 5 dB, that is to say,
105 dB at 0.5-4 kHz and 100 dB at 8 kHz.

The tympanometric study was assessed with a middle ear
analyzer (Grason Stadler Model 33, Version 2, Lucas
Grason-Stadler Inc., Milford, NH). The first measurement of
the test battery was tympanometry performed at a probe tone
frequency of 226 Hz. Admittance was calculated and shown
by an equivalent volume of air in ml. Static admittance
compensated at +200daPa and tympanometric peak
pressure were taken as variables. The second measurement
was a series of multiple frequency tests. The probe tone
automatically swept in frequencies from 250 to 2000 Hz in
50-Hz steps at the start-pressure (+200 daPa). Susceptance
and phase measurements were stored in memory. The next
tympanogram was run at 226 Hz, and peak data were
identified. A second probe tone sweep occurred at peak
pressure. The change in susceptance values and phase values
‘between the first sweep and the second sweep of frequencies
were calculated and plotted on graphic displays as a function
of frequency. The resonance frequency of the middle ear was
identified as a frequency at which the peak to tail difference
values for acoustic susceptance was 0 acoustic mmhos. The
resonance frequency (RF), static admittance (SA), and
tympanometric peak pressure (PP) were taken as variables
associated with middle ear function. Subjects were
categorized into three groups of variables: <5th percentile,
between 5th and 95th percentile, and >95th percentile.

DPOAESs were measured using an Otodynamic Analyzer
11.092 (F) (Otodynamics). The stimulus intensity of f; and
f2 were 70 dB SPL. The f»/f| ratio was set at 1.22 and
2f\ — f> were recorded in 8 points/octave over a frequency
range of the f», which extended from 1001 to 6165 Hz. In
this manner, 22 points in total were measured. Then, 6 points
at which the geometric mean of f} and f» is close to 1000,
2000 and 4000 Hz (Table 1), and 3 points at which f; is close
to 1000, 2000 and 4000 Hz were added for this analysis. The
amplitude of the DPOAESs above the noise floor (the signal-
to-noise ratio) was noted for each of the nine test
frequencies.

Statistical analyses were conducted using the statistical
analysis system (SAS) version 8.2 [5]. Differences of
DPOAE/Noise ratio among three groups by percentile of RF,
SA and PP were tested using Tukey-Kramer’s multiple

Table 1
The geometric mean of f; and f,

fl 2 the geometric mean

891 1086 988.50
around 1 kHz

977 1184 1080.50

1794 2185 1989.50
around 2 kHz

1953 2380 2166.50

3577 4358 3967.50
around 4 kHz

3894 4761 4327.50




Y, Uchida et al./Auris Nasus Larynx 33 (2006) 397401 399

Table 2 o peak pressure were —40.0 and 20.0 daPa in males, and
The results from tympanometric variables —50.0 and 20.0 daPa in females, respectively.
The effects of middle ear function in the DPOAEs are

Mean Median 5th percentile 95th percentile . . ] T
shown in Table 3. Table 3 set the signal-to-noise ratio in the

male 819.7 800.0 450.0 1150.0 . X
RF (Hz) female 8732 900.0 450.0 1300.0 DPOARE:s in each group classified by the value of the three
male 09 0.6 02 % tympanometric variables. The results revealed that smaller
SA (ml) female 0.6 0.5 02 15 RF values were related to smaller signal-to-noise ratio in the
male . -0.5 5.0 400 20.0 DPOAE:S for the frequency around 1000 Hz, and that greater

PP (daP2) female -0.3 5.0 -50.0 20.0 RF values were related to smaller signal-to-noise ratio in the

DPOAE:s for the frequency around 4000 Hz. The tendency
was similar between genders. The SA showed a significant
association with the signal-to-noise ratio in the DPOAE:s for
the frequencies around 2000 and 4000 Hz in both genders.
comparison method. Adjustments were made for age and Greater SA values were related to smaller signal-to-noise
pure-tone thresholds of 1000, 2000 and 4000 Hz. ratio in the DPOAEs. The PP was associated with the signal-
to-noise ratio in the DPOAEFEs for the frequencies around
1000 and 2000 Hz in males, and those around 1000 Hz in
3. Results females. Smaller PP values were significantly related to
smaller signal-to-noise ratio in the DPOAESs.

RF: resonance frequency of the middle ear; SA: static admittance; PP:
tympanometric peak pressure.

The results from the tympanometric measurements are
shown in Table 2. The 5th and 95th percentiles of resonance
frequency of the middle ear were 450.0 and 1150.0 Hz in 4. Discussion
males, and 450.0 and 1300.0 Hz in females, respectively.

The 5th and 95th percentiles of static admittance were 0.2 When OAEs are recorded, the acoustical stimulus is
and 2.2ml in males, and 0.2 and 1.5ml in females, conducted inwards through the middle ear system to
respectively. The 5th and 95th percentiles of tympanometric generate OAEs within the cochlea, and the OAEs are then
Table 3

The signal-to-noise ratio in the DPOAESs for different frequencies, gender and groups classified by the value of the three tympanometric variables

Adjusted audiometric test frequency in the

. . 1000 Hz 2000 Hz 4000 Hz
comparison analysis

/2 1001Hz 1086 Hz 1184Hz 2002Hz  2185Hz 2380Hz 4004Hz 4358Hz 4761 Hz

RF = 5th percentile 2.43 1.91 ]* 4,02 9.10 9.45 7.63 9.04 * 7.17 7.71
Sth percentile < RF < 95th percentile 3.94 5.11 6.48 8.20 7.94 7.08 7.78 7.88 7.62]*
RF Z 95th percentile 3.58 2.64 4.52 9.39 8.79 7.72 420% 715 4.61
SA = 5th percentile 1.39 2.07 4.49 9.76 " 9.18 N 9.46 N 8.30 % 7.92 * 6.80
male 5th percentile < SA <95th percentile  4.00 4.79 6.12 8.54 8.51 7.31 771 8.02 7.40
SA Z 95th percentile 224 4.75 6.63 1.82 V% -036r% 1.05F% 2.72F% 047 2.64]*
PP = 5th percentile 1.51 0.40 3% 226~k 396 % 7.08 6.24 8.76 6.37 6.82
Sth percentile < PP < 95th percentile 3.92 4.88 6.28 ] 8.52 ] 8.12 7.16 7.44 7.66 7.05
PP Z 95th percentile 3.23 4.64 5.94 8.35 8.69 7.18 7.13 8.24 8.52
RF = 5th percentile 1.43 1.94 4% 485 12.27 11.83 11.33 9.76 10.95 10.32
5th percentile < RF < 95th percentile 4.52 5.62 :I 7.00 10.23 9.71 9.13 10.08 10.99 11.98
RF = 95th percentile 1.96 4.08 4.19 11.35 12.62 11.93 10.14 8.70 837 }
SA = Sth percentile 2.65 3.39 5.02 10.64 % 9.22 % 9.71 11.34 " 10.90 % 11.76
female Sth percentile < SA < 95th percentile 4.17 5.30 6.88 10.60 10.29 9.51 10.14 11.04 11.77
SA Z 95th percentile 5.22 6.1 5.82 4.74 F% 453 5.34 3.24 S* 469 2K 729
PP £ 5th percentile -0.143%  1.509%  2.827% 11.20 10.62 10.40 8.37 10.54 10.82
Sth percentile < PP < 95th percentile 4.32 538 ] 6.98] 10.20 9.77 9.18 10.13 10.69 11.63
PP 2 95th percentile 4.08 4.89 4.94 10.40 10.36 9.94 7.53 10.37 10.47
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propagated outwards through the middle ear system to an
external auditory meatus, where they can be picked up by a
microphone. The authors of various studies have reported
that middle ear diseases had a negative effect on the
feasibility of recording and on the amplitude of OAEs.
Patients with middle ear disorders showed various middle
ear dynamic characteristics due to their middle ear
pathologies, and then demonstrated several OAE statuses
which could be explained to come from the difference in the
middle ear condition [6,7]. A decrease in the levels of OAEs
has, however, been reported to correlate with the hearing
threshold level [8,9]. The OAEs are sensitive to the presence
of hearing loss, and DPOAEs are especially useful for
obtaining frequency-specific information. The hearing level
should be taken into consideration when the effects of
middle ear condition on the OAEs are assessed. Meanwhile,
the air-conduction thresholds are also dependent on the
transmission characteristics of the middle ear, and OAEs are
recorded in double dependence on the middle ear
transmission. If one adjusts for the air-conduction threshold
levels, the analysis possibly can focus on the relationship
between one direction of the middle ear transmission and
OAEs.

The theoretical effect of the condition of the middle ear
on records of OAEs appeared to be verified by the present
results, with statistically significant differences among
three groups categorized by the two-sided 5th percentiles in
the three tympanometric variables. Respective tympano-
metric variables demonstrated the effects individually in
this study. Concerning RF, both abnormally high and low
RF showed a negative effect on DPOAEs. High resonant
frequencies are generally associated with stiffening
disorders, such as otosclerosis, whereas low resonant
frequencies are associated with disorders that increase the
mass component of the system, such as ossicular
discontinuity and adhesion of the tympanic membrane
[10,11].

Abnormally high SA had a negative influence on
DPOAESs, while abnormally low SA had no significant
effect in this study. This finding was identical with those of a
previous study [1]. Abnormally high SA is often associated
with disorders such as ossicular discontinuity, and a scarred
or flaccid tympanic membrane, while abnormally low SA is
generally associated with disorders such as otitis media and
otosclerosis. A middle ear system with abnormally high SA
might have greater absorption of acoustical energy and,
therefore, might perform less effective transmission.
Representative 90% ranges for static admittance compen-
sated at +200 daPa for adults were 0.37 to 1.66 mmhos (or
equivalent volume in ml) reported by Wiley, and 0.3-
1.7 mmbhos reported by Margolis and Goycoolea [12,13]. In
general, SA is greater in males than in females [14].
Previous findings were consistent with the present result.
On the other hand, the range of static admittance values
found with the various types of middle ear disorders has
been reported to overlap considerably with the normal range
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[14,15]. It was suggested in the literature that SA in
isolation had very limited potential as a parameter for the
identification and differentiation of middle ear disorders,
although SA findings reflected the function of the middle ear
system.

Regarding PP, abnormally negative pressure is not clearly
identifiable in the literature. It has been mentioned that
—100 daPa appears to be a reasonable low cutoff value in
practice for tympanometric peak pressure, while suggested
cutoff values vary widely among studies, such as from —25
to —170 daPa [15]. The Sth percentiles of PP in the present
study that were —40.0 daPa for males and —50.0 daPa for
females seem not to be low enough for a negative limit, but
even relatively low PP already showed negative influence on
DPOAE:s.

A few clinical studies, meanwhile, have suggested
tympanometric values could be affected by inner ear
diseases, especially Méniére’s disease and enlarged
vestibular aqueducts [16-18]. In Méniére’s disease, RF
was reported to be low outside of episodes and to be highly
increased near or during an attack. Resonance frequency
values were observed to decrease in enlarged vestibular
aqueducts. Multifrequency tympanometry may be able to
detect the change in the pressure of the perilymph, which
is in direct contact with the footplate of the stapes, whose
impedance it may modify. Values outside of the 90% range
for tympanometric variables might conceivably arise not
only from middle ear dysfunction but also from inner ear
abnormality. This point of view would append an
additional interpretation to the result of tympanometric
measurements. However, in the present analysis, adjust-
ment for the corresponding pure-tone thresholds could
cancel the effect of alteration in the ear that was reflected
in the pure-tone thresholds. Since it is reasonable for the
record of DPOAEs to be affected with abnormal middle
ear transmission by the mechanism that the sound energy
is conducted inwards and outwards through the middle ear
system, the difference of the DPOAEs level seen in the
different tympanometric values after adjustment for the
pure-tone thresholds could be interpreted to imply the
influence of middle ear condition on the DPOAEs
measurements.

5. Conclusion

The ears outside of the 90% range for three tympano-
metric variables demonstrated significant detriment by the
parameter to DPOAEs taking age and the pure-tone
thresholds into consideration. The findings of the present
study seem to verify an effect of the middle ear condition on
DPOAEs after adjustment for age and the pure-tone
threshold level, although the ears out of norms in
tympanometric variables might conceivably include not
only middle ear dysfunction but also inner ear abnormality.
Tympanometric assessment should always be taken into
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account to adjust for the effect arising from the middle ear
condition when OAEs are analyzed for an estimation of the
cochlea function.
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