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Nakashima T. Three-dimensional (3D)
visualization of endolymphatic hydrops after
intratympanic injection of Gd-DTPA:
optimization of a 3D-real inversion-recovery
turbo spin-echo (TSE) sequence and
application of a 32-channel head coil at 3T. J
Magn Reson Imaging. 2010

Jan;31(1):210-4.

2! Katayama N, Yamamoto M, Teranishi M,
Naganawa S, Nakata S, Sone M, Nakashima

T. Relationship between endolymphatic hydrops
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ahead of print]

3: Tagaya M, Teranishi M, Naganawa S, Iwata T,
Yoshida T, Otake H, Nakata S, Sone
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Changes in endolymphatic hydrops in a
patient with Meniere’s disease observed
using magnetic resonance imaging

Sone M, Naganawa S, Teranishi M, Nakata
S, KatayamaN, Nakashima T

Auris Nasus Larynx. 2010 37;220-222.
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Clinical significance of endolymphatic imaging
after intratympanic gadolinium injection.
Nakashima T, Naganawa S, Katayama N,
Teranishi M, Nakata S, Sugiura M, Sone M,
Kasai S, Yoshioka M, Yamamoto M.

Acta Otolaryngol Suppl. 2009 Feb;(560):9-14.
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Visualization of endolymphatic hydrops in
“Vestibular” Meniere’s disease
2008 Nagoya symposium on Endolymphatic
and Perilymphatic Imaging for Management of
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X1 Case1 44y.0.woman

Vertigo: 1 - 3 hrs.

EcochG: SP / AP ratio is 42% (Right),
39% (Left),

VEMP: normal

After intratympanic Gd injection (18hrs), 3D-
FLAIR showed no hydrops in her bilateral
cochleas and vestibules.

X2 Case1 3D-Real IR

After intratympanic Gd injection (18hrs), 3D-real IR

showed no hydrops in her bilateral cochleas and
vestibules.

-10 -

X|3 Case2 38y.0. man
Vertigo: about 1 hr.

EcochG: SP /AP ratio is 24 % (Left),
VEMP: normal

After intratympanic Gd injection (24hrs), 3D-
FLAIR showed no hydrops in his bilateral
cochleas and vestibules.

X|4 Case 3 26y.0. woman
Vertigo: 5 min to 3 hrs.

EcochG: SP /AP ratio is 34% (Left),
VEMP: normal

After intratympanic Gd injection (24 hrs), 3D-FLAIR
showed hydrops in her left vestibule.



45 Case3 3D-Real IR

After intratympanic Gd injection (24 hrs),
3D-real IR showed hydrops in her left
vestibule.

X6 Case4 59y.0. man
Vertigo: 1-2 hrs.  EcochG: poor response
VEMP: poor response

After intratympanic Gd injection (24 hrs), 3D-
FLAIR showedhydrops in his right vestibule,
and left cochlea and vestibule.

X7 Case4

After intratympanic Gd injection (24 hrs), 3D-FLAIR
showedhydrops in his right vestibule, and left
cochlea and vestibule.

-11 -
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Abstract

Objective: The fatty acid-binding protein 2 (FABP2) is involved in the transport and metabolism of fatty acids. The FABP2 gene has been
proposed as a candidate gene for diabetes and obesity. This study evaluates the hearing impairment risk in the Ala54Thr polymorphism of
FABP2 in middle-aged and elderly Japanese.

Methods: Our sample population comprised 1428 community-dwelling Japanese aged 40-86 years (mean = standard deviation [SDJ:
63.1 & 9.8) who participated in the Study of Aging between 2004 and 2006. An average hearing threshold level greater than 25 dB in the
better ear for frequencies 500, 1000, 2000 and 4000 Hz was defined as hearing impairment. Data were analyzed by means of a multiple logistic
regression with adjustment for potential confounders.

Results: The per-allele odds ratio for hearing impairment risk was 1.262 (95% confidence interval [CI]: 1.012-1.574) in model 1, adjusting
for age, sex, history of ear disease, and history of occupational noise exposure; and 1.259 (CI: 1.009~1.571) in model 2, which adjusted for
diabetes, body mass index and the histories of heart disease and hypertension, as well as the moderators in model I. A significant adverse
effect of the Thr54 variant on hearing was observed and the effect was independent of both diabetes and obesity in the present analyses.
Conclusions: This study demonstrated that the Ala54Thr polymorphism of FABP2 was associated with a risk of hearing impairment in
middle-aged and elderly people. The results might support caloric restriction theory indirectly, but additional researches are desired.

© 2010 Elsevier Ireland Ltd. All rights reserved.

Keywords: FABP2 gene; Polymorphism; Age-related hearing loss; Population-based study

1. Introduction expression of FABP2 gene is limited to the small intestine

[1]. A G-to-A nucleotide polymorphism in codon 54 results

With the expected rapid increase in the number of elderly
in Japan, hearing difficulty has become a common social and
health problem. Numerous studies indicate that age-related
hearing loss, known as presbycusis, is likely polygenic and
multifactorial; however, little is known about common
sequence variants that may have some phenotypic effect on
age-related hearing loss.

Fatty acid-binding protein 2 (FABP2) be]ongs to the
family of cytoplasmic proteins involved in the intracellular
transport and metabolism of long-chain fatty acids. The

* Corresponding author. Tel.: +81 562 46 2311; fax: +81 562 44 8518.
E-mail address: yasueu@ncgg.go.jp (Y. Uchida).

in the substitution of threonine (Thr) for alanine (Ala). In
vitro experiments have shown that this substitution increases
the affinity of FABP2 for long-chain fatty acids, and is
associated with increased triglyceride transport in human
intestinal cells [2].

Because its product is involved in fatty acid absorption
and may affect insulin sensitivity and glucose metabolism,
the FABP2 gene has been proposed as a candidate gene for
diabetes and obesity. In the meantime, researches have
obtained preceding evidence that diabetic subjects [3] and
adults with high body mass index (BMI) are at increased risk
for hearing loss [4]. In this study, we examined the
association between the Ala54Thr polymorphism of FABP2

0385-8146/$ — see front matter © 2010 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.an.2010.01.006
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and hearing impairment in a population of middle-aged and
elderly Japanese. No previous trials have studied the effect
of the FABP2 gene polymorphism on hearing.

2. Materials and methods

Data were collected from Japanese men and women who
participated in the fourth-wave examination of the National
Institute for Longevity Sciences-Longitudinal Study of
Aging (NILS-LSA), an ongoing population-based study
conducted in the National Center for Geriatrics and
Gerontology, with a 2-year follow-up. The details of the
NILS-LSA have been described elsewhere [5,6].

Briefly, the participants of NILS-LSA were residents,
who were randomly selected from a register stratified by
both age and gender, in cooperation with the local
government. The study consisted of various gerontological
and geriatric measurements such as medical examinations,
blood chemical analysis, physical function, nutritional
analysis, psychological tests, and assays of visual and
auditory function. The study protocol was approved by the
Committee of Ethics of Human Research of the National
Center for Geriatrics and Gerontology. Written informed
consents were obtained from all subjects. A blood sample
was drawn from each subject after an overnight fast. With
respect to DNA analysis, a number of candidate genes for
geriatric diseases such as Alzheimer’s disease, arterio-
sclerosis, osteoporosis, benign prostate hypertrophy, dia-
betes mellitus and other lifestyle-related diseases were
examined with the agreement of the participants. Venous
blood samples for genetic analysis were collected only in the
first wave of examinations implemented between 1997 and
2000; sera and DNA samples were stored in deep freezers for
later examination. In the present study, data obtained in the
fourth-wave examination (2004-2006) from participants
who took part in both the first and fourth waves were
analyzed cross-sectionally. Participants without any missing
values were 1428 adults, aged 40-86 years (mean £ SD:
63.1 +9.8) at the fourth-wave examination visit.

Histories of ear disease, occupational noise exposure,
heart disease and hypertension were obtained in the self-
reported account. Each of these was treated as a binary
variable (presence = 1, absence = (). Definition of diabetes
was based on medical history obtained by questionnaires.
We also classified as “diabetic” any subject with a fasting
plasma glucose concentration greater than 126 mg/dl and an
HbAlc of more than 6.5%, as well as any subject taking
medication to lower blood glucose levels. BMI was
calculated as weight (in kg) divided by height (in m)
squared.

DNA samples were isolated from peripheral blood cells.
Genotypes were determined using an allele-specific primer/
polymerase chain reaction (PCR) assay system (Toyobo
Gene Analysis, Tsuruga, Japan). Genotypes were also
determined in control blood known to be from subjects
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homozygous for the wild-type genotype and heterozygous
and homozygous for each variant genotype.

Air-conduction pure-tone thresholds at octave intervals
from 125 to 8000 Hz were obtained using a diagnostic
audiometer (AA-73A and AA-78; Rion, Tokyo, Japan). The
presence of hearing impairment was defined as a pure-tone
average of hearing thresholds (AHT) at 500, 1000, 2000, and
4000 Hz greater than 25 dB HL (hearing level) in the better
ear, according to the World Health Organization grades. This
definition means bilateral hearing impairment.

Statistical analyses were conducted using Statistical
Analysis System (SAS) version 9.13 (SAS Institute, Cary,
NC, USA). Genotypes were coded as follows: wild-type
homozygotes, GG; heterozygotes, GA; and mutant homo-
zygotes, AA. Because no preceding information regarding
the mode of inheritance of the Ala54Thr FABP2 poly-
morphism on hearing impairment can be found, we
considered different modes of inheritance as follows: the
additive per-allele model, the A allele was compared
between cases and controls by assigning scores of 0, 1, and 2
to homozygotes for the G allele, heterozygotes, and
homozygotes for the A allele, respectively; the dominant
model compared genotypes GG versus GA and AA; and the
recessive model compared genotype GG and GA versus AA.
A multiple logistic regression was carried out to obtain odds
ratios (ORs) for hearing impairment in subjects with the
Ala54Thr FABP2 polymorphism; in this analysis, we used
two adjusted models, adjusting for different combinations of
confounding variables. In model 1, age, sex, history of ear
disease, and history of occupational noise exposure were
taken as moderator variables. History of heart disease,
history of hypertension, diabetes, and BMI were added as
moderators in model 2 to those in model 1.

The results were presented as means = standard errors
(SEs) and p values of less than 0.05 were considered
statistically significant unless otherwise stated.

3. Results

According to univariate analysis, the characteristics of
the participants (other than hearing impairment) were not
significantly different among FABP2 Ala54Thr (G/A)
genotypes (Table 1). Prevalence rate of heart disease,
hypertension and diabetes were not significantly different
among FABP2 genotypes (data not shown). The genotype
frequencies were not significantly different from those
expected based on the Hardy—Weinberg equilibrium ( X test,
p > 0.05).

The results from the analyses of multiple logistic
regression are presented in Table 2. The per-allele odds
ratio for hearing impairment risk was 1.262 (95% confidence
interval [CI]: 1.012-1.574) in model 1, with fewer
moderators; and 1.259 (CI: 1.009-1.571) in model 2, which
adjusted for diabetes, BMI and the histories of heart disease
and hypertension, as well as the moderators in model 1.
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Table 1

Characteristics of participants according to FABP2 Ala54Thr (G/A) genotype.

Genotype GG GA AA p

N 584 (40.9%) 672 (47.1%) 172 (12.0%)

Age 62.8 £ 0.4 634 4+ 04 63.0+ 0.7 NS
AHT (dB) 20.1 £ 0.5 202+05 218+ 1.0 NS
Serum triglyceride (mg/dl) 1209 £ 3.0 1156 +28 149 +£5.6 NS
Sex (male %) 48.6 539 54.7 NS
Hearing impairment (%) 25.0 25.0 34.3 0.0336

AHT: average hearing threshold level for frequencies 500,1000,2000, and 4000 Hz for the better ear. Mean = standard error. NS: not significant. Hearing
impairment: AHT > 25 dB. p-Value tested by the analysis of variance or x° test.

Under the recessive model of inheritance, the risk for
hearing impairment increased significantly in mutant
homozygotes. The significant association of the FABP2
Ala54Thr polymorphism with hearing impairment was
independent of the presence of diabetes or obesity.

4. Discussion

In a population-based sample of middle-aged and elderly
Japanese, the Thr54 variant of FABP2 gene had a significant
adverse effect on hearing. The FABP2 is found exclusively
in the epithelium of the small intestine, therefore, the
etiological role of the gene polymorphism on hearing
impairment is likely to be indirect. Since the effect on
hearing may be due to various confounders associated with
Thr54, possible risk-modifying factors, including diabetes
and obesity, should be taken into account in analyses. After
adjustment for confounders, a significant effect of the Thr54
variant on hearing was observed in the additive and recessive
models and the effect was independent of both diabetes and
obesity.

Several studies have shown the association between the
Ala54Thr polymorphism with variations in fatty acid

absorption and insulin resistance. The Ala54Thr variant
FABP2 results in increased fatty acid uptake from the
intestinal lumen, since variant (Thr54-containing) FABP2
binds fatty acid with twofold greater affinity than wild-type
Ala54-containing protein [7]. It has been reported that
carriers of the Thr54 variant had lower peripheral insulin
sensitivity and an increased concentration of free fatty acids
after the intake of a diet rich in saturated fats [8]. Regarding
an association between the Thr54 allele and dyslipidemia,
the findings from previously reported studies have not
always been consistent. The present study did not show an
association between the Ala54Thr polymorphism and
fasting triglyceride concentration. Postprandial lipemia in
Thr54 carriers had been dependent on the type of fat ingested
when diet-gene interactions of FABP2 Ala54Thr were
tested using 3 different diets [9]. Gene—environment
interactions or variation in the FABP2 promoter region
may also have arole in accounting for some of the observed
phenotypic differences in lipid metabolism between
carriers of the Thr54 polymorphism across populations
[10,11].

One speculative hypothesis about the influence of FABP2
gene polymorphism in the aged population is caloric
restriction theory. Since McCay et al. first reported that

Table 2
Odds ratios of hearing impairment and comparison of hearing level among FABP2 genotypes.
Mode of inheritance GG(A=0) GA(A=1) AA(A=2) P
Additive genetic model” Number 584 672 172
Per-allele odds ratios Model | 1 1.262 (1.012-1.574)/A allele 0.0386
Model 2 I 1.259 (1.009-1.571)/A allele 0.0410
Mode of inheritance GG GA/AA p
Dominant genetic model Number 584 844
Odds ratios Model 1 1 1.085 (0.802-1.468) NS
Model 2 i 1.081 (0.799-1.463) NS
Mode of inheritance GG/GA AA P
Recessive genetic model Number 1256 172
QOdds ratios Model 1 1 2.096 (1.366-3.216) 0.0007
Model 2 1 2.097 (1.365-3.221) 0.0007

Moderator variable - Model 1: age, sex, history of ear disease, and history of occupational noise exposure. Model 2: history of heart disease, history of
hypertension, diabetes, and BMI, in addition to those in model 1. Parenthetical reference shows 95% confidence interval. Abbreviations: BMI: body mass index.
NS: not significant.
* The additive genetic model assumes that there is a linear gradient in risk between the GG, GA and AA genotypes (GG genotype base). This is equivalenttoa
comparison of the A allele versus the G allele. The per-allele odds ratio for hearing impairment risk is shown under the additive genetic model.




