30/B antibodies (Fig. 1J), and showed marked positive
staining for anti-GSK-3P antibodies (Fig. 11). In Kii ALS
patients, anterior horn neurons were markedly positive
for anti-IGF-I (Fig. 1K), anti-IGF-IR (Fig. 1L), anti-p-
Thr(308) Akt (Fig. IM) and anti-p-GSK-30/B antibodies
(Fig. 10); however, they were weak for anti-GSK-3 anti-
body (Fig. IN). Anterior horn neurons from Guam ALS
patients were weakly positive for anti-IGF-1 (Fig. 1U)
and markedly positive for anti-IGF-IR (Fig. 1V), anti-p-
(Thr308)-Akt (Fig. 1W) and anti-p-GSK-30/p antibodies
(Fig. 1Y). However, they were weak for anti-GSK-3( anti-
body (Fig. 1X). Anterior horn neurons from Guam ALS
and Kii ALS patients characteristically showed weak stain-
ing for anti-GSK-3p antibody but were markedly positive
for anti-pGSK-30/p antibody.

Many normal-looking neurons from Japanese sporadic
ALS, Kii ALS and Guam ALS patients, as well as from
Japanese and Guam controls, were positive for anti-IGF-1
antibody (Fig. 2A), although some normal-looking
neurons were negative for anti-IGF-1 antibody (Table 3,

Fig.2 A normal-looking neuron from a
Guam control (G-control-13) was positive
for anti-IGF-I antibody (A, bar indicates
30 pm). A chromatolytic neuron from a
Guam amyotrophic lateral sclerosis (ALS)
patient (MND-16) (B, bar indicates
30 pm) was almost negative for anti-IGF-I
antibody. Chromatolytic neurons from
Japanese sporadic ALS patients were posi-
tive for anti-glycogen synthase kinase-3b
(anti-GSK-3B) (C, bar indicates 50 pm,
MND-11) and anti-p-GSK-30/f antibody
(D, bar indicates 50 im, MND-4). An atro-
phic neuron from a Japanese sporadic
ALS patient (MND-5) was positive for
anti-GSK-3p (E, bar indicates 50 pm) and
an atrophic neuron from a Kii ALS patient
(MND-1) was positive for anti-p-GSK-
30/f antibody (F, bar indicates 50 um).
Immunohistochemical examinations were
performed using the ABC system and
visualization with DAB, and were counter-
stained with hematoxylin.

Fig. 3). Chromatolytic neurons from these ALS patients
were almost negative for anti-IGF-1 antibody (Fig. 2B),
and some were positive for anti-GSK-3 (Fig. 2C) and anti-
p-GSK-30/B antibodies (Fig. 2D). Many atrophic neurons
from these ALS patients showed positive staining for
anti-GSK-3B (Fig. 2E) and anti-p-GSK-30/f antibodies
(Fig. 2F).

Immunological co-localization of IGF-I, GSK-3B and
p-GSK-30/B was seen in anterior horn neurons of the
spinal cord from Japanese and Guam controls by a con-
focal laser scanning technique (Fig. 4A-D). In Kii and
Guam ALS patients, anterior horn neurons showed the
immunological co-localization of IGF-I and p-GSK-30/B
(Fig. 4E,G,H), while they were negative for anti-GSK-383
antibody Fig. 4F).

NFTs in the hippocampus from Kii ALS patients were
positive for anti-paired helical filament (PHF)-tau and
anti-p-GSK-30/f antibodies, but negative for anti-GSK-3p.
Co-localization of PHF-tau and p-GSK-30/p was found in
NFTs by a confocal laser scanning technique (Fig. SA-D)
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Table 3 Immunoreactivities (IR) for anti-IGF-I, glycogen synthase kinase (GSK)-3B, and phosphor (p)-GSK-30/p antibodies were
examined by the percentages of positive neurons in the anterior horn of the spinal cord from Japanese sporadic amyotrophic lateral
sclerosis (JALS), Kii ALS (KALS), Guam ALS (GALS), and controls (Japanese [JC] and Guam controls [GC]). The percentages of
positive neurons for each antibody in total, normal-looking and abnormal neurons, including chromatolytic, atrophic and degenerating

neurons, are shown

Cases Total neurons Normal-looking neurons Abnormal neurons
N IR score IR score N IR score
IR scors for anti-IGF-1 antibody
JC (n=14) 56.0 =19.7 37.8 (0-67.5) 549 + 193 38.3 (0-67.8) 1.1=x13 0 (0-66.7)*
JALS (n=10) 30.0 = 10.0 30.0 (11.1-60.7) 16.4 =57 41.0 (14.3-57.1) 13.9 £ 9.1 17.7 (0-75)*
KALS (n=3) 200 =26 65.2 (61.1-68.4) 103 %25 87.5 (84.6-100) 9.7=x15 40.0 (12.5-34.5)*
GC (n=4) 63.5 = 38.8 40.5 (26.9-75.6) 62.5 = 38.7 40.9 (26.9-75.6) 1.0 =038 0 (0-100)*
GALS (n=3) 280+ 6.6 45.7 (31.8-51.9) 163 =32 60.0 (28.6-65.0) 11.7 £ 35 37.5 (20-41.7)*
IR scores for anti-GSK-3§ antibody
JC (n=14) 429 =204 54.3 (13.6-71.4) 42.6 = 19.9 532 (13.6-63.8) 03 =07 0 (0-100)
JALS (n=10) 351 =162 67.1 (33.3-84.7) 253 =147 66.7 (33.3-82.0) 98173 75.0 (0-100)
KALS (n=3) 470+ 15.0 29.8 (12.5-40.3) 357 %175 25.0 (7.4-25.0) 113 x93 57.1 (40-68.2)*
GC (n=4) 36.8 =127 54.7 (18.8-62.5) 363 =125 59.1 (19.4-71.4) 05=06 0 (0-100)
GALS (n=3) 213 =137 26.7 (16.7-37.8) 16.7 + 9.8 18.2 (9.1-25.0) 47 =40 77.8 (50-100)*
IR scores for anti-p-GSK-30/B antibody
JIC (n=14) 352 +152 31.5 (18.6-91.7) 342 = 148 31.5 (19.0-81.8) 1.0+15 0 (0-50)
JALS (n=10) 269 =104 38.9 (17.2-100) 19.0 £ 9.5 39.4 (16.7-100) 79+43 51.9 (6.7-100)
KALS (n=3) 287 £272 80.0 (66.7-100) 20.7 =20.2 79.5 (77.8-100) 80270 81.3 (33.3-100)
GC (n=4) 398 =124 87.3 (39.3-100) 39.0 = 123 97.0 (74.0-100) 08=1.0 25.0 (0-100)
GALS (n=3) 250+ 44 90.0 (81.8-95.7) 217176 90.0 (80.0-99.3) 3341 100 (0-100)

Numbers were shown as mean * SD, and IR scores (percentages of positive neurons) were shown as median (ranges).
* P <0.05, comparison between normal-looking neurons and abnormal neurons by Wilcoxon test.

NFTs in the spinal cord from Guam ALS patients were
also positive for anti-PHF-tau and anti-p-GSK-30/p anti-
bodies (Fig. SE-H).

Histometry

Immunoreactivity (IR) for anti-IGF-I, GSK-3B, and
p-GSK-30/B antibodies was compared using the percentage
of positive neurons in the anterior horn of the spinal cord
among Japanese sporadic ALS, Kii ALS, Guam ALS, and
the controls (Japanese and Guam controls). IR scores (per-
centages of positive neurons) for each antibody in normal-
looking neurons and abnormal neurons, including
chromatolytic, atrophic and degenerating neurons, are
shown in Table 3. The IR score for anti-IGF-I antibody was
not significantly different between Japanese sporadic ALS
patients and Japanese controls, or between Guam ALS
patients and Guam controls, when they were compared with
both total and normal-looking neurons (Table 3, Fig. 3A-
C). In Kii ALS patients of long clinical duration, IR scores
for anti-IGF-I antibody of both the total neurons and the
normal-looking neurons were significantly higher than
those of Japanese controls (P < 0.03, P <0.01, respectively
Mann-Whiney test, Fig. 3A,B). In. abnormal neurons, the
IR score for anti-IGF-1 antibody was lower than those of
normal-looking neurons (P < 0.05, Wilcoxon test, Table 3).

A positive correlation between IR scores for anti-IGF-1
antibody in total neurons and the clinical durations was
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found in Japanese ALS patients (Fig. 6, Pearson’s correla-
tion coefficient: 0.648, P=0.04, 95% IC: 0.031-0.907).
Although in Kii and Guam ALS patients the IR scores for
IGF-I antibody were not significantly correlated to their
clinical durations, they showed higher IR scores for IGF-1
antibody than those of Japanese ALS patients (Fig. 6).

In total neurons, the median IR scores for the anti-
GSK-3p antibody of Japanese controls and Guam controls
were 54.3% and 54.7 %, respectively, but those of Kii ALS
and Guam ALS patients tended to be low (27.8% and
26.7%, respectively, not significant, Table 3, Fig. 3D). In
Japanese sporadic ALS patients, the median IR score for
anti-GSK-3p was significantly higher than that of Japanese
controls (P <0.01, Fig. 3E). In Kii ALS and Guam ALS
patients, IR scores for anti-GSK-3f antibody in normal-
looking neurons were lower than those of each Japanese
control or Guam control (P <0.01, P <0.01 respectively,
Fig. 3E). When they were compared between normal-
looking neurons and abnormal neurons, IR scores for anti-
GSK-3B antibody in abnormal neurons from Japanese
sporadic ALS, Kii ALS and Guam ALS were higher than
those in normal-looking neurons (Table3, P <0.05,
Wilcoxon test, Fig. 3F).

Concerning the anti-p-GSK-30/fB antibody in normal-
looking neurons from Kii ALS patients, the median IR
score (79.5%) was higher than that of Japanese controls
(31.5%, P <0.05) and Japanese sporadic ALS patients
(39.4%, P < 0.05, Table 3, Fig. 3H). The median IR score for

— 132 —



Total neurons Normal-looking neurons Abnormal neurons

100 120 B % 120
E— C
80 100 100
80
o 80
60 60 *
40
40 40
20 a\ 20 ?
)
: 2 g
£ g 2
: o 2o g o —
v & I
g 50 -20 2 29
€ JALS  KALS  GC GALS J JALS KALS  GC GALS I JALS  KALS  GC  GALS
*%k
100 120
100 E( ** K
D [ *k 100 F *

}ﬁ‘ -i

60 I

“l = — 60
o . 40

£ a0 : 2 40 2z
g O e % 2 ~ o £
a . B F 5 2 20
© a i o
g 0] L]
] 820 ]
el bt
: T e il —
8 o % &
i JALS  KALS  GC  GALS YU oo G 20
ic JALS  KALS  GC  GALS I JALS  KALS  GC GALS
DISEASE
120 120 * 120
G *
100
100 100
80
80 80
> > £ o0
3 H 60 k=]
£ 60 k] %
8 8 8 40
5 s g
g 2 b
8 4 & 40 T 20
o g .g_
5 s 5
s 20 g 20 3 0
N x *
8 8 2
& o 0 20 € JALS  KALS GC  GALS
€ JALS  KALS  GC GALS I JALS  KALS  GC GALS

*: p<0.05, **: p<0.01

Fig.3 Percentages of positive neurons for anti-IGF-I (A-C), glycogen synthase kinase-3b (GSK-3B) (D-F), and anti-p-GSK-30/p
antibody (G-I) immunostaining are shown in boxplot graphs. Boxes indicate interquartile ranges (25th percentile and 75th percentile), and
horizontal bars in boxes indicate median values. Vertical lines indicate ranges of maximal and minimal values except for extreme values
and outliers. Anterior horn neurons were divided into total, normal-looking and abnormal neurons, In Kii amyotrophic lateral sclerosis
(ALS) patients, the median percentage of positive neurons for anti-IGF-I antibody was significantly higher than in Japanese controls when
compared in total neurons (P < 0.05,A) and also in normal-looking neurons (P < 0.01, B). The median percentages of positive neurons for
the anti-GSK-3p antibody of Kii ALS and Guam ALS patients tended to be low (not significant, D). In Japanese sporadic ALS patients,
the percentages of positive neurons for anti-GSK-3f were significantly higher than those of Japanese controls (P < 0.01, E). In Kii ALS and
Guam ALS patients, the percentages of positive neurons for anti-GSK-3f antibody in normal-looking neurons were lower than those of
each Japanese control or Guam control (E). The values for anti-GSK-3p antibody in abnormal neurons from Kii ALS and Guam ALS were
higher than those in normal-looking neurons (P < 0.05, Wilcoxon test, F). The values for anti-p-GSK-30/B antibody in both total neurons
and normal-looking neurons from Kii ALS patients were higher than those of Japanese controls (P < 0.05, G) and Japanese sporadic ALS
patients (P <0.05, H). The values for anti-p-GSK-30/f antibody of Guam controls and Guam ALS patients were similar to those of Kii
ALS (G), and were significantly higher than those of Japanese controls (P < 0.05, P < 0.05, respectively, H). GALS, Guam ALS; GC, Guam
controls; JALS, Japanese ALS; JC, Japanese controls; KALS, Kii ALS. *P <0.05, **P < 0.01.
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Fig. 4 Immunological co-localization of IGF-I, glycogen synthase kinase-3b (GSK-3B) and phospho (p)-GSK-3a/B was seen in anterior
horn neurons of the spinal cord from a Guam control (G-control-14) by a confocal laser scanning technique (A-D). Anterior horn neurons
from a Guam amyotrophic lateral sclerosis (ALS) patient (MND-14) showed marked co-localization of IGF-I and p-GSK-3a/p (E, G and
H), but weak staining for anti-GSK-3f antibody (F). IGF-1 was visualized in green, GSK-3p in blue, and p-GSK-3a/f in red. (D and H})
shows a merged image by confocal laser scanning. Details are shown in Table 2b. A bar indicates 50 um.

Fig. 5 Neurofibrillary tangles in the hippocampus from a Kit amyotrophic lateral sclerosis (ALS) patient (MND-2) were positive for
anti-paired helical filament (PHF)-tau (A) and anti-phospho-glycogen synthase kinase-30/f (anti-p-GSK-30/B) antibodies (C), and
co-localized by a confocal laser scanning technique (A-D) An NFT-laden neuron in the spinal cord of a Guam ALS patient (MND-14) was
also positive for anti-PHF-tau (E) and anti-p-GSK-3o/f antibodies (G), but weak for GSK-3p antibody (F). A and E: PHF-tau, B and F:
GSK-3B, C and G: p-GSK-30/B, D and H: merged image. Bar indicates 50 um.

anti-p-GSK-30/p antibody of Guam controls (97.0%) and
Guam ALS patients (90%) were similar to those of Kii
ALS (Fig. 3G), and were significantly higher than that
of Japanese controls (P <0.05, P<0.05 respectively,
Fig. 3H).

© 2009 Japanese Society of Neuropathology

DISCUSSION

We studied the immunoreactivity of IGF-1 and GSK sig-
naling pathways in the spinal cords and hippocampus of
ALS patients with special reference to Kii and Guam ALS
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Fig.6 The relationship between IGF-I immunoreactivity and
clinical duration in amyotrophic lateral sclerosis (ALS) patients is
shown. In Japanese ALS patients (®), the IR score for anti-IGF-1
antibody was positively correlated with the clinical duration
(Y =0.144 +0.005 x X; R"2 =0.42, Pearson’s correlation coeffi-
cient: 0.648, P=0.04, 95% IC: 0.031-0.907). Three Kii ALS
patients (CJ) and two Guam ALS patients (A) showed higher IR
scores for IGF-I antibody than Japanese ALS patients, although
no correlation between IR scores and the clinical duration in each
subgroup of Kii and Guam ALS patients was seen.

patients. Spinal anterior horn neurons from long-surviving
Kii ALS patients tended to show positive staining with
anti-IGF-I antibody, while ALS patients with a short clini-
cal duration were weakly positive. Three Kii ALS patients
and two Guam ALS patients showed higher IR scores for
IGF-1 antibody than Japanese ALS patients, although a
correlation between IR scores and the clinical duration
of each Kii and Guam ALS patient group was not seen,
probably due to the small sample size. In Japanese ALS
patients, the IR score for anti-IGF-I antibody was posi-
tively correlated with the clinical duration. In the future
the relationship between IGF-I immunoreactivity and the
clinical duration of ALS patients should be pursued in
patients with matching clinical features, including age at
onset, sex and geographical history.

IGF-I is a potent neuroprotective survival factor for
motor neurons, acting as a major neurotrophic factor,
exerting a protective effect against motor neuron degen-
eration in organotypic spinal cord cultures and cultured
motor neurons,”” and is also capable of preventing motor
neuron loss following sciatic nerve axotomy in rat pups.'
The biological functions of IGF-1 are mediated by the
IGF-I receptor.” Its neuroprotective roles may be coordi-
nated by the activation of Akt, inhibition of GSK-38,
and thus inhibition of tau phosphorylation.® Inhibition of
GSK-3pB reduced the degree of spinal cord inflammation
and tissue injury, cellular infiltration and apoptosis in
experimental spinal cord trauma.”® GSK-3f inhibitor VIII

injection in a G93A-superoxide dismutase 1 (SOD1)
mouse model of ALS delayed the onset of symptoms and
prolonged the life span.* In the present study, we found a
positive correlation between the IR score for the anti-
IGF-I antibody and clinical duration in Japanese sporadic
ALS patients. This suggested that IGF-I might have a pro-
tective effect on ALS degeneration.

Abnormal as well as normal-looking neurons from
Japanese sporadic ALS patients showed significantly
higher IR score for anti-GSK-3f antibody than controls.
Abnormal neurons from Kii ALS and Guam ALS patients
were also positive for anti-GSK-3f antibody. GSK-3p of
which p-GSK-30/B is an inactive form, is a critical down-
stream element of the PI3 kinase/P-Akt cell survival
pathway, and its activity can be involved in ALS degenera-
tion by modulating inflammatory responses by regulating
nuclear factor of x light polypeptide gene enhancer in
B-cells (NfxB)-mediated inflammatory gene expres-
sion.?? In sporadic ALS patients, GSK-3B was upregu-
lated in the spinal cord homogenate.* We also found that
abnormal neurons from ALS patients showed positive
staining for anti-GSK-3p and anti-p-GSK-30/B antibodies.
Overall, these results indicated that the GSK-38 signaling
pathway might be involved in ALS degeneration.

We found in the present study that spinal anterior
horn neurons from Kii and Guam ALS patients showed
low IR scores of GSK-3 but significantly high IR scores
of p-GSK-30/B compared to Japanese sporadic ALS
patients and controls. We also found co-localization of
hyperphosphorylated tau and p-GSK-30/B in NFT-laden
neurons of the hippocampus from Kii ALS patients and
in the spinal cord from Guam ALS patients. NFT, mainly
composed of hyperphosphorylated tau, has been identi-
fied as a marker of Kii and Guam ALS neuropathology.
GSK-3B, a serine threonine kinase with a broad array of
cellular targets, such as cytoskeletal proteins and tran-
scription factors, is a potential candidate mediating tau
hyperphosphorylation in cortical cultured neurons and
hippocampal slices from the adult rat brain.® It was dif-
ficult to explain why p-GSK-30/p IR scores were higher
but GSK-3f IR scores were lower in Kii ALS and Guam
ALS patients compared to Japanese ALS patients, and
also why p-GSK-30/p and hyperphosphorylated tau were
co-localized in NFT-laden neurons. Although the reason
is not clear, it might be that: (i) the anti-GSK-3p antibody
used in the present study did not fully recognize the
hyperphosphorylated form of GSK, and high IR score for
the anti-p-GSK-30/B antibody might indicate an upregu-
lation of the GSK signaling pathway; (ii) the elevation of
p-GSK-30/B IR score was ascribed to functions of the
IGF-1 signaling pathway to inhibit GSK-3f through
p-Akt activation, especially in Kii ALS and Guam ALS
patients; or (iii) GSK-38 in Kii and Guam ALS patients
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was hyperphosphorylated in concert with tau hyperphos-
phorylation by unknown mechanisms.

Tau phosphorylation is regulated developmentally and
functionally, and it is speculated that responsive transit
hyperphosphorylation of tau may be neuroprotective but
prolonged hyperphosphorylation/accumulation of tau may
be a cause of neurodegeneration, and tau abnormal hyper-
phosphorylation is the result of upregulation of tau kinases
and/or downregulation of tau phosphatases”® Among
kinases that have been shown to phosphorylate tau in vitro,
GSK-3p is most implicated in the abnormal hyperphospho-
rylation of tau.*% Tau hyperphosphorylation in concert
with GSK phosphorylation can be caused by S100B in
cultured human neural stem cells” and f-amyloid peptide
1-42 [AB (1-42)] in cell lines and transgenic mice.”®® NFTs
from Kii and Guam ALS patients were not associated
with the accumulation of B-amyloid peptide. Although the
mechanism is not clear, we suspected that different mecha-
nisms, including the upregulation of kinases and/or down-
regulation of phosphatases of both GSK and tau, such as
the accumulation of aluminium or other trace metals,***
might have important roles in the hyperphosphorylation of
tau in concert with GSK-3f phosphorylation in Kii and
Guam ALS patients.

It is noteworthy that Guam controls also showed high
IR scores for p-GSK-30/f antibody, similar to Guam and
Kii ALS patients. Oyanagi et al. reported that NFTs were
widely found among the Guam people, not only in those
having ALS and/or Parkinson~dementia complex (PDC)
but also in controls.® Chronic exposure to exogenous
factors might have various roles in NFT dispersion among
people living in the focus area of ALS.*** High IR scores
for p-GSK-30/B in Guam controls might be related to the
background characteristics similar to the formation of
NFT. We indicated that the predominant expression of
p-GSK-30/p compared to GSK-38 in spinal motor neurons
and the co-localization of p-GSK-3a/p and PHF-tau in
NFT-laden neurons in the hippocampus and spinal cord
were characteristic findings of Kii and Guam ALS patients.
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The present case-control study examined the relationship between dietary intake of individual fatty acids
and the risk of Parkinson's disease (PD) in Japan. Included were 249 cases within 6 years of onset of PD.
Controls were 368 inpatients and outpatients without a neurodegenerative disease. Information on dietary
factors was collected using a validated self-administered diet history questionnaire. Compared with
arachidonic acid intake in the first quartile, consumption of that in the fourth quartile was significantly
related to an increased risk of PD: the adjusted odds ratio between extreme quartiles was 2.09 (95%
confidence interval: 1.21—3.64, P for trend=0.008). Cholesterol intake was also significantly positively
Case-control studies associated with the risk of PD: the adjusted odds ratio between extreme quartites was 1.78 (95% confidence
Cholesterol interval: 1.04—3.05, P for trend = 0.01). Consumption of total fat, saturated fatty acids, monounsaturared
Diet fatty acids, n-3 polyunsaturated fatty acids, ci-linolenic acid, eicosapentaenoic acid, docosahexaenoic acid, n-
Fatty acids 6 polyunsaturated fatty acids, and linoleic acid and the ratio of n-3 to n-6 palyunsaturated fatty acid intake
JaPa{‘ . were not associated with PD, Higher consumption of arachidonic acid and cholesterol may be related to an
Parkinson disease increased risk of PD.
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1. Introduction unclear, but oxidative stress, inflammation, and mitochondrial dys-

function may play a large role [2-4].

Parkinson's disease (PD) is one of the most common neurodegen-
erative disorders and is characterized clinically by resting tremor,
rigidity, bradykinesia, and postural instability. The incidence rate was
estimated to be 16.9 per 100,000 person-years in one Japanese study {1}.
With aging of the population, an increase in the prevalence of PD is
expected. A cure for PD is not yet available, although symptomatic
treatment has improved in recent years. Because the cause of onset is
unknown, epidemiology is important in defining the cause of PD and in
evaluating preventive measures, The exact mechanisms underlying the
process of the massive death of dopaminergic nigrostriatal neurons are

* Corresponding author. Tel.: +81 92 801 1011x3311; fax: +81 92 863 8892.
E-mail address: miyake-y@fukuoka-w.acjp (Y. Miyake).
! Other members of the study group are listed in the Appendix.

0022-510X/$ - see front matter © 2009 Elsevier BV, All rights reserved.
doi:10.1016/}.in5.2009.09.02 1

There remains much to be learned about the effects of dietary
factors on the development of PD. Fatty acids play a critical role in brain
function. Evidence from animal models has indicated that fatty acids,
especially docosahexaenoic acid, regulate oxidative stress in the brain
[5-7]. Other potential mechanisms of the neuroprotective effects of
docosahexaenoic acid include regulation of the inflammatory process,
postsynaptic dendritic scaffold proteins, gene transcription, cell
signaling, caspase activation, and cell membrane properties [8-14].
On the other hand, because of the high concentration of polyunsat-
urated fatty acids in the brain, reactive products of lipid peroxidation
are likely contributors to neurodegeneration [ 15]. Laboratory studies
in rats showed that the brain content of fatty acids such as polyun-
saturated fatty acids depends on dietary intake [ 16-18].

Several epidemiological studies investigated the relationship
between dietary fat intake and the risk of PD, but the results were
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not consistent [19-28]. In consideration of the paucity of epidemio-
logical information regarding the relationship between dietary intake
of individual fatty acids and the risk of PD in Japan where intake of
marine origin n-3 polyunsaturated fatty acids is high, we investigated
this issue based on a multicenter hospital-based case-control study.

2. Methods
2.1. Study population

Recruitment of PD cases was conducted at 3 university hospitals and
1 national hospital in Fukuoka Prefecture, the largest prefecture in
Kyushu Island in southern Japan, and 3 university hospitals, 3 national
hospitals, and 1 municipal hospital in Osaka, Kyoto, and Wakayama
Prefectures, which are part of the Kinki region located in the midwestern
part of Japan. Eligible cases were patients who were within 6 years of the
onset of PD and who received treatment at one of the 11 collaborating
hospitals during the period from April 1, 2006 to March 31, 2008. The
collaborating neurologists were responsible for the diagnosis of PD,
which was based on the UK PD Society Brain Bank clinical diagnostic
criteria {29]. The neurologists in charge asked 298 eligible PD patients to
take part in our case-control study, and 250 patients agreed to answer
the questionnaires whereas 48 patients refused (response rate: 84%).

Control subjects were inpatients and outpatients without a
neurodegenerative disease who were recruited from departments
other than departments of neurology of 3 of the 11 collaborating
hospitals: a university hospital in Fukuoka Prefecture and a university
hospital and a national hospital in the Kinki region (orthopedic
surgery, ophthalmology, otorhinolaryngology, plastic surgery, and
oral surgery) during the period from April 1, 2006 to March 31, 2008.
Controls were not, individually or in larger groups, matched to cases.
A total of 528 patients were approached by their attending physicians
or our research nurses to be recruited as control subjects. Finally, 372
patients participated in our study whereas 156 refused (response
rate: 70%).

Excluded were 1 case and 4 controls because of missing data on the
factors under study. The final analysis comprised 249 cases and 368
controls. The ethics committees of the 11 collaborating hospitals
approved this case-control study.

2.2. Measurements

Cases and controls filled out a set of 2 self-administered ques-
tionnaires and mailed them to the data management center or handed
them to research nurses, Research technicians completed missing or
illogical data by telephone or direct interview,

A self-administered, comprehensive, diet history questionnaire
(DHQ) was used to assess dietary habits during the preceding month
[30,31]. Estimates of daily intake of foods (total of 150 foods), energy,
and selected nutrients were calculated using an ad hoc computer
algorithm for the DHQ, which was based on the Standard Tables of
Food Composition in Japan [32,33]. Information on dietary supple-
ments was not used in the calculation of dietary intake. Detailed
descriptions of the methods used for calculating dietary intake and
the validity of the DHQ were published elsewhere [30,31]. The
correlation coefficients for nutrient intake between those estimated
from the DHQ and those observed by a 3-day dietary record were 0.75,
0.50, 0.37, and 0.49 for saturated fatty acids, monounsaturated fatty
acids, polyunsaturated fatty acids, and cholesterol, respectively, in
women [30]. A highly positive correlation was also observed between
marine origin n-3 polyunsaturated fatty acid intake estimated by the
DHQ and the corresponding concentration in the serum phospholipid
fraction in women (r=0.69) [31]. According to another validation
study of Japanese men and women, Pearson correlation coefficients
between the DHQ and 16-day weighed dietary records were 0.43 and
0.35 for vitamin E, 0.49 and 0.63 for iron, and 0.80 and 0.79 for alcohol,

respectively (Sasaki S, unpublished data, 2004). Energy-adjusted
intake by the residual method was used for the analyses [34]. Our
DHQ also included questions about height and weight, Body mass
index was calculated by dividing self-reported body weight (kg) by
the square of self-reported height (m).

A second questionnaire elicited information on sex, age, education,
and smoking habits,

2.3. Statistical analysis

Dietary factors under investigation were categorized at quartile
points based on the distribution of control subjects. Sex, age, region of
residence, pack-years of smoking, years of education, intake of vitamin
E, iron, and alcohol, and body mass index were selected a priori as
potential confounding factors. Dietary factors under investigation
were categorized at quartile points based on the distribution of control
subjects. Region of residence was classified into 2 categories (Fukuoka
and Kinki); pack-years of smoking into 3 (none, 0.1--29.9, and >30.0);
and years of education into 3 (<10, 10— 12, and >13 years). Age,
intake of vitamin E, iron, and alcohol, and body mass index were used
as continuous variables,

We used logistic regression analysis to estimate crude odds ratios
(ORs) and 95% confidence intervals (Cls) of PD for each category of
dietary intalke under investigation compared with the lowest intake
category. Multiple logistic regression analysis was used to control for the
potential confounding factors. Statistical significance for a linear trend
was tested by including the median of each quartile of consumption as a
continuous variable in the regression model. Statistical computing was
conducted by SAS version 9.1 software {SAS Institute, Inc,, Cary, NC).

3. Results

About 60% of both cases and controls were female and lived in the
Kinki region (Table 1). There was no difference between cases and
controls with regard to education. Compared with control subjects,
cases were more likely to be old and thin, report never having
smoked, and have a high intake of arachidonic acid and cholesterol.

Table 2 gives crude and adjusted ORs and the 95% Cls of the risk of
PD according to dietary intake of specific types of fatty acids and
cholesterol. Compared with arachidonic acid intake in the first
quartile, consumption of that in the fourth quartile was significantly
related to an increased risk of PD and the positive linear trend was also
significant. After adjustment for sex, age, region of residence, pack-
years of smoking, years of education, intake of vitamin E, iron, and
alcohol, and body mass index, the positive relationship was slightly
strengthened.: the adjusted OR for comparison of the highest with the
lowest quartile was 2.09 (95% CI: 1.21-3.64, P for trend = 0.008).
Cholesterol intake was also significantly positively associated with the
risk of PD: the adjusted OR between extreme quartiles was 1.78 (95%
Cl: 1.04-3.05, P for trend = 0.01). Consumption of total fat, saturated
fatty acids, monounsaturated fatty acids, n-3 polyunsaturated fatty
acids, a-linolenic acid, eicosapentaenoic acid, docosahexaenoic acid,
n-6 polyunsaturated fatty acids, and linoleic acid and the ratio of n-3
to n-6 polyunsaturated fatty acid intake were not materially
associated with the risk of PD.

When stratifying study subjects according to sex, positive associa-
tions of intake of arachidonic acid and cholesterol with the risk of PD
were more evident in men than in women. However, only the positive
association with arachidonic acid intake in men was statistically
significant (Table 3). No significant interactions were observed in the
association with the risk of PD between men and women (P= 0.49 and
0.55 for homogeneity of OR for intake of arachidonic acid and
cholesterol in the highest quartile, respectively).

When cases were confined to patients (both men and women)
having PD for a duration of less than 3 years (n=109), positive
exposure-response relationships between intake of arachidonic acid
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Table 1

Characteristics of study population.

n (%) or mean (SD)

Cases (n=249)  Controls (n=368)  P-value
Sex (%) 0.81
Male 93 (37.4) 141 (38.3)
Female 156 (62.7) 227 (61.7)
Age (V) 68.5 (8.6) 66.6 (8.5) 0.006
Region of residence (%) 0.13
Fukuoka 89 (35.7) 154 (41.9)
Kinki 160 (64.3) 214 (58.2)
Pack-years of smoking (%) 0.0004
None 185 (74.3) 222 (60.3)
0.1-29.9 37 (14.9) 65 (17.7)
=300 27 (10.8) 81 (22.0)
Education {%) 0.81
<10y 51 (20.5) 77 (20.9)
10—12y 122 (49.0) 171 (46.5)
=13y 76 (30.5) 120 (32.6)
Body mass index (kg/m?) 223 (3.3) 23.0 (34) 0.01
Daily intake®
Total energy (k]) 8435.4 (2636.8)  8348.8 (3067.5) 0.71
Total fat (g) 57.9(13.7) 56.3 (17.2) 0.22
Saturated fatty acids (g) 15.6 (4.6) 152 (5.7} 0.31
Monounsaturated fatty 19.9 (5.6) 19.3 (6.6) 0.21
acids {g)
n-3 Polyunsaturated fatty 28 (11) 2.8 (1.2) 037
acids (g)
a-Linolenic acid (g} 1.6 (0.6) 1.6 (0.7) 0.87
Eicosapentaenoic acid (g) 0,37 (0.25) 0.35 (0.25) 0.30
Docosahexaenoic acid (g) 0.60 (0.38) 0.56 (0.39) 0.21
n-6 Polyunsaturated fatty 105 (3.0) 104 (3.4) 0.85
acids (g)
Linoleic acid (g) 10.2 (3.0) 10.2 (3.4) 0.88
Arachidonic acid (g) 0.15 (0.05) 0.14 (0.06) 0.02
Cholestero! (mg) 3313 (129.5) 3009 (132.5) 0.005
Vitamin E (mg) 8.6 (2.4) 8.4 (2.9) 0.52
Iron (mg) 7.5(1.9) 7.6(2.2) 0.75
Alcohol (g) 55 (15.5) 10.0 (25.8) 0.008

? Nutrient intake was adjusted for total energy intake using the residual method.

and cholesterol and the risk of PD were statistically significant (P for
trend =0.01 and 0.01, respectively). The adjusted ORs from the
lowest to the highest category of arachidonic acid intake by quartiles
were 1.00, 1.32 (95% CI: 0.66—2.67), 1.51 (95% Cl: 0.74—3.14), and
2.48 (95% Cl: 1.22—5.20), respectively. The corresponding figures for
cholesterol intake were 1.00, 0.99 (95% Cl: 0.49—2.02), 1.33 (95% CI:
0.67—2.68), and 2.16 (95% Cl: 1.08—4.42), respectively.

4, Discussion

The current case-control study found significant positive expo-
sure-response associations of intake of arachidonic acid and choles-
terol with the risk of PD. No evident relationships were observed
between the risk of PD and intake of the other types of fatty acids under
investigation, especially docosahexaenoic acid. A prospective study in
the Netherlands showed that consumption of total fat, unsaturated cis-
fatty acids, monounsaturated fatty acids, n-3 polyunsaturated fatty
acids, and a-linolenic acid was significantly related to a reduced risk of
PD whereas there were no relationships between intake of saturated
fatty acids, cholesterol, unsaturated trans-fatty acids, eicosapentae-
noic acid, docosahexaenoic acid, n-6 polyunsaturated fatty acids,
linoleic acid, and arachidonic acid and the risk of PD [21]. In a pooled
analysis from the Health Professionals Follow-up Study and the
Nurses' Health Study, intake of total fat, saturated fatty acids, major
types of unsaturated fatty acids, and cholesterol was not associated
with the risk of PD although only arachidonic acid intake was
significantly inversely related to the risk of PD [22]. These findings
regarding arachidonic acid and cholesterol intake are at variance with
our results whereas findings in relation to a lack of association with
docosahexaenoic acid consumption are in line with the present results.

These discrepancies may be explained by differences in the study
population and design. In particular, dietary habits had been assessed
before the onset of PD in the previous prospective cohort studies in the
Netherlands and the US {21,22] whereas in the present case-control
study dietary habits had been assessed after the onset of PD.

A prospective cohort study in Singapore showed no associations
between the intake of total fat, saturated fatty acids, n-3 polyunsat-
urated fatty acids, marine origin n-3 polyunsaturated fatty acids, and
n-6 polyunsaturated fatty acids and the risk of PD whereas an inverse
exposure-response relationship between monounsaturated fatty acid
intake and PD was significant [19]. In a US case-control study, positive
relationships between the intake of total fat and cholesterol and the
risk of PD were observed but the intake of saturated fats, oleic acid,
and linoleic acid was not significantly associated with the risk of PD
after adjustment for body mass index, but not total energy [24]. A
nested case-contro} study of males of Japanese ancestry in Hawaii
reported a null association between animal fat intake and the risk of
PD |28]. These observations are in partial agreement with our results.
The present resulits are not consistent with findings of a case-control
study that found marginally significant inverse exposure-response
relationships between the intake of saturated fatty acids and total fat
and the risk of PD [23] and those of two case-control studies showing
a positive association between animal fat intake and PD [25,26].

Isofurans, derived from arachidonic acid, are chemically and
metabolically stable oxidation products [15]. A post-mortem human
tissue study demonstrated that levels of isofurans in the substantia nigra
of patients with PD were significantly higher than those of controls {35},
High arachidonic acid intake might cause PD by stimulating oxidative
stress. Moreover, in a rat model of acute neuroinflammation, a 6-day
intracerebral ventricular infusion of bacterial lipopolysaccharide in-
creased brain concentrations of linoleic acid and arachidonic acid and
of prostaglandins E2 and D2 derived from arachidonic acid {36].
High arachidonic acid consumption could increase the risk of PD via
an inflammatory process. :

The underlying mechanisms for the observed positive relationship
between cholesterol intake and the risk of PD are not clear. A
prospective cohort study of Finnish men and women found a
significant positive relationship between serum total cholesterol
levels and the risk of PD [37]. This finding is partially consistent
with our results regarding cholesterol intake, but incompatible with
the current results with respect to saturated fatty acids, which are
hypercholesterolemic, and unsaturated fatty acids, which elicit a
hypocholesterolemic effect. The present positive relationship with
cholesterol intake may be ascribed to some extent to elevated levels of
serum total cholesterol although data on serum lipids and lipopro-
teins were not available in the current study. On the other hand, a
significant inverse association between serum total cholesterol levels
and PD risk was observed in two cohort studies: the Rotterdam Study
[38) and pooled data from the Health Professionals Follow-up Study
and the Nurses' Health Study [39]. The Honolulu Heart Program also
showed that elevated levels of low density lipoprotein cholesterol
were significantly associated with a decreased risk of PD [40].

Two prospective studies in the Netherlands and USA showed a null
relationship between docosahexaenoic acid intake and the risk of PD
[21,22]. According to the study in the Netherlands, median daily
intake of docosahexaenoic acid was 0.05 g {21}]. The corresponding
figure in our controls was 0.52 g. Therefore, the lack of association
between docosahexaenoic acid intake and the risk of PD in the present
study is not likely to be attributable to the fact that consumption of
marine origin n-3 polyunsaturated fatty acids in Japan is much higher
than in Western countries. A beneficial association between docosa-
hexaenoic acid intake and the risk of PD might not be detected
irrespective of the amount of fish intake in different populations. The
products of lipid peroxidation derived from docosahexaenoic acid
such as neuroprostanes might have counteracted the advantage of
intake of docosahexaenoic acid in protection against PD.
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Table 2

0dds ratios (ORs) and 95% confidence intervals (Cls) for Parkinson's disease by quartiles of intake of specific types of dietary fat.

Variable Quartile P for trend
1 (lowest) 2 3 4 (highest)

Total fat

Intake (g/day)? <49.5 49.5--<57.23 57.23—<64.98 264.98

No. cases/controls 54/92 62/92 74792 59/92

Crude OR (95% Cl) 1.00 1.15 (0.72—1.83) 1.37 (0.87—2.16) 1.09 (0.68—1.75) 0.59

Multivariate OR {95% CI)® 1.00 1.00 (0.59—1.67) 1.21 (0.72—2.05) 0.95 (0.52—1.72) 1.00
Saturated fatty acids

Intake (g/day)? <12.24 12.24—<15.04 15.04—<18.00 >18.00

No. cases/controls 46/92 70/92 76/92 57/92

Crude OR (95% Cl) 1.00 1.52 (0.95—245) 1.65 (1.04—2.65) 1.24 (0.76—2.02) 0.53

Multivariate OR (95% CI)® 1.00 1.36 (0.82—2.29) 1.50 (0.90—2.51) 1.05 (0.61—1.83) 0.92
Monounsaturated fatty acids

Intake (g/day)® <1646 16.46—<19.32 19.32—-<22,60 =22.60

No. cases/controls 63/92 60/92 . 58/92 68/92

Crude OR (95% (1) 1.00 0.95 (0.60—1.50) 0.92 (0.58—1.46) 1.08 (0.69—1.69) 0,72

Multivariate OR (95% CI)® 1.00 0.84 (0.51~1.38) 0.78 (0.47—1.32) 1.01 (0.58—1.78) 0.90
n-3 Polyunsaturated fatty acids

Intake (g/day)* <2.258 2.258—<2.780 2.780—<3.248 23.248

No. cases/controls 61/92 71/92 57/92 60/92

Crude OR (95% CI) 1.00 1.16 (0.74—1.82) 0.93 (0.59—1.48) 0.98 (0.62—1.58) 0.74

Multivariate OR (95% C1)® 1.00 1.07 (0.66—-1.75) 0.92 {0.55—1.56) 0.93 (0.52—1.65) 0.67
o-Linolenic acid

Intake (g/day)?* <1,27839 1.27839—<1.5897 1.5897—<1.880 =1.880

No. cases/controls 66/92 64/92 49/92 70/92

Crude OR (95% CI) 1.00 0.97 (0.62—152) 0.74 (0.46—1.19) 1.06 (0.68—1.65) 0.93

Multivariate OR (95% CI) 1.00 0.84 (0.51—1.38) 0.66 (0.39—1,14) 1,01 (0.58~1.76) 095
Eicosapentaenoic acid

{ntake (g/day)” <0.232 0.232—<0.3155 0.3155—-<0.4708 =0.4708

No. cases/controls 64/92 59/92 67/92 59/92

Crude OR (95% CI) 1.00 0.92 (0.58—1.46) 1.05 (0.67—1.64) 0.92 (0.58~1.46) 0.84

Multivariate OR (95% C1)® 1.00 0.79 (0.48—1.29) 0.92 (0.57—1.48) 0.89 (0.53—1.50) 0.50
Docosahexaenoic acid

Intake (g/day)® <0370 0.370—<0.522 0.522—-<0.727 20727

No. cases/controls 56/92 66/92 62/92 65/92

Crude OR (95% CI) 1.00 1.18 (0.75—1.87) 1.11 (0.70—1.76) 1.16 (0.73~1.84) 0.63

Multivariate OR (95% C1)® 1.00 1.02 (0.63—1.67) 1.00 (0.61—1.65) 1.14 (0.68—1.93) 0.62
n~-6 Polyunsaturated fatty acids

Intake {g/day)’ <8.78 8.78—<10.27 10.27—<12.25 >12.25

No. cases/controls 66/92 59/92 58/92 66/92

Crude OR (95% CI) 1.00 0.89 (0.57—1.41) 0.88 (0.56—1.39) 1.00 (0.64—1.57) 1.00

Multivariate OR (95% CI)® 1.00 0.77 (0.46—1.27) 0.80 (0.47—1.36) 0.99 (0.56—1.74) 0.92
Linoleic acid

Intake (g/day)? <8.54 8.54—<10.04 10,.04—<11.938 >11,938

No. cases/controls 65/92 63/92 54/92 67/92

Crude OR {95% CI) 1.00 0.97 (0.62—1.52} 0.83 (0.52—1.32) 1.03 (0.66—1.61) 1.00

Multivariate OR (95% CI)” 1.00 0.84 (0.51—1.39) 0.77 (0.45—1.31) 1.04 (0.59—1.84) 0.86
Arachidonic acid

Intake (g/day)® <0,1063 0.1063—<0.136 0.136—<0.171 20171

No. cases/controls 44/92 62/92 64/92 79/92

Crude OR (95% Cl) 1.00 141 {0.87—2.29) 1.45 (0.80—2.36) 1.80 (1.13—2.88) 0.02

Multivariate OR (95% CI)® 1,00 1.36 (0.82—2.29) 1.48 (0.87-2.53) 2.09 (1.21—3.64) 0.008
n-3/n-6 Polyunsaturated fatty acid ratio

Intake? <0.2139 0.2139—-<0.250 0.250—<0.306 >0.,306

No. cases/controls 60/92 49/92 78/92 62/92

Crude OR {95% CI) 1.00 0.82 (0.51—-1.31) 1.30 (0.84—2.03) 1.03 (0.65—1.63) 0.48

Multivariate OR (95% Cl)® 1.00 0.75 (0.45—1.24) 1.26 {0,78—2.04) 1.01 {0.62—1.65) 0.51
Cholesterol

Intake (mg/day)* <2278 227.8—<290.0 290.0—~<374.0 23740

No. cases/controls 48/92 51/92 70/92 80/92

Crade OR (95% C1) 1.00 1.06 (0.65—1.73) 1.46 (0.92—-2.34) 1.67 (1.06—2.65) 0.01

Multivariate OR (95% CI)" 1.00 0.99 (0.59—1.68) 1.42 (0.85-2.37) 1.78 (1.04—3.05) 0.01

?* Quartiles were based on intake in g/day (except for cholesterol: mg/day) adjusted for energy intake using the residual method, except for quartiles for the ratio of n-3 to n-6
polyunsaturated fatty acids, which were based on crude intake in g/day.
b Adjusted for sex, age, region of residence, pack-years of smoking, years of education, intake of vitamin E, iron, and alcohol, and body mass index.

A strength of our study is that cases were identified according to differential, the consequence would bias the estimates of the observed
strict diagnostic criteria: the possibility of misclassification of PD is association toward the null,
negligible. Weaknesses of the present study should be clarified. The Our DHQ was designed to assess recent dietary intake, i.e. for
dietary intake under study was estimated using a self-administered 1 month prior to completing the questionnaire. Thus, pre-symptom-
semi-quantitative dietary assessment questionnaire, Our DHQ could atic and/or post-symptomatic PD could influence dietary habits in
only approximate consumption although this questionnaire had been some cases, which led to misclassification of their true long-term
validated {30,31]. Because such exposure misclassification was non- dietary exposure. The results of a sensitivity analysis confined to cases
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Table 3

Odds ratios (ORs) and 95% confidence intervals {Cls) for parkinson's disease by quartiles of intake of arachidonic acid and cholesterol in men and women.

Variable Adjusted OR {95% C1)* P for trend
Quartile 1 Quartile 2 Quartile 3 Quartile 4
Arachidonic acid
Men 1.00 1.81 (0.80—4.14) 1.44 {0.58—3.61) 2.97 (1.18~-7.73) 0.03
Women 1.00 1.10 (0.56—2.18) 137 (0.70—2.72) 1.76 (0.88—3.60) 0.08
Cholesterol
Men 1.00 1.48 (0.64—3.45) 2.09 (0.91—-4.86) 2.30 (0.97—5.53) 0,06
Women 1.00 0.74 (0.37—1.48) 1.02 (0.52—2.03) 143 (0.71—-2.94) 0,10

2 Adjusted for age, region of residence, pack-years of smoking, years of education, intake of vitamin E, iron, and alcohol, and body mass index.

less than 3 years from onset {n=109) were similar to those in the
overall analysis. However, dopamine depletion in PD patients might
affect their food choices in the preclinical stage {41]. Moreover, some
of the non-motor symptoms such as constipation and hyposmia might
precede the onset of overt motor signs [42,43]. Such symptoms might
also affect food preferences. Given that such symptoms were
associated with a higher intake of eggs, our results might be ascribed
to the preclinical symptoms because eggs are one of the sources of
arachidonic acid and cholesterol. In fact, a positive exposure-response
association between egg intake and PD was of borderline significance
in our data (P for trend=0.09). Thus, we cannot rule out the
possibility that the observed positive associations are a conseguence
of PD.

Because our control subjects were selected from 3 of the 11
collaborating hospitals at which cases were recruited, controls were
not representative of the population from which our cases arose.
However, in a sensitivity analysis restricted to cases who were
recruited from three hospitals associated with control recruitment
(n=153), the positive associations with intake of arachidonic acid
and cholesterol were strengthened (P for trend =0.005 and 0.008,
respectively).

This is the first epidemiological study of the relationship between
dietary intake of individual fatty acids and the risk of PD in Japan.
Further epidemiological investigation of the effects of dietary fat on
PD is required.
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Tsuyoshi Tsutada and Hiroyuki Shimada (Department of Geriatrics and
Neurology, Osaka City University Graduate School of Medicine); Jun-
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Tomoyoshi Kondo (Department of Neurclogy, Wakayama Medical
University); Hidekazu Tomimoto (Department of Neurology, Kyoto
University Graduate School of Medicine); Takayuki Taniwalki (Division
of Respirology, Neurology, and Rheumatology, Department of Medi-
cine, Kurume University School of Medicine); Hiroshi Sugiyama and
Sonoyo Yoshida (Department of Neurology, Minamai-Kyoto National
Hospital); Harutoshi Fujimura and Tomoko Saito (Department of
Neurology, Toneyama National Hospital); Kyoko Saida and Junko
Fujitake (Department of Neurology, Kyoto City Hospital); Naoki Fujii

(Department of Neurology, Neuro-Muscular Center, National Omuta
Hospital); Masatoshi Naito and Jun Arimizu (Department of Ortho-
paedic Surgery, Faculty of Medicine, Fukuoka University); Takashi
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Otorhinolaryngology, Faculty of Medicine, Fukuoka University);
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Maxillofacial Surgery, Faculty of Medicine, Fukuoka University); Efichi
Uchio and Hironori Migita (Department of Ophthalmology, Faculty of
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Shinsuke Ataka (Department of Ophthalmology and Visual Sciences,
Osaka City University Graduate School of Medicine); Hideo Yaname
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quality of life (QOL, ZE¥FEDE) 2, WHOQOL Group iZ X % & “an individual’s perception of his/
her position in life in the context of the culture and value systems in which he/she lives and in relation to
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