abovementioned findings could be attributed to an increase in the senility rate in the population. Between
2000 and 2008, the age-adjusted incidence in ALS for women in K area, especially in the Kozagawa district,
was high, indicating an increase in that the incidence of ALS among women in this area after 2000. The
factors responsible for the high incidence of ALS in this area remain to be clarified.
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Table 1

Clinical features of ALS patients in K area

Period ALS age at onset M/F (ratio) Site of initial symptom (%)
n (Mean*S.D.) Upper ext. Lower ext. Bulbar Parkinsonism Dementia  Others
1 10 54.9+10.9 6/4 (1.5) 8 (80) 2 (20) 0.0 0.0 0.0 0.0
11 11 59.8+11.3 7/4 (1.8) 4 (36.4) 1 (9.1) 2 (18.2) 3 (27.3) 1(9.1) 0.0
11l 12 68.6+12.7%** 5/7 (0.7) 4 (33.3) # 3 (25) 3 (25) 0.0 0.0 2 (16.7)
* p<0.05 when compared to the mean age at onset of II
** p<0.01 when compared to the mean age at onset of I
# p=0.05 compared to that of I (Pearson’s chi-square test)
(Abbreviation) ext : extremity
Table2 Changes in the incidence of ALS in K area
Duration Area {population) Crude incidence Adjusted incidence in 2000 References

(men, women)

census (men, women) [95%CI]

I (1967—1971) K (33,219 6.0 (5.7, 2.8)
I (1989—1999) K (26,405) 3.8 (5.2, 2.6)
I (2000—2008) K (23,357) 5.7 (3.1, 7.9)
I (1967—1971) Kzg (6,078) 13.2 (20.7, 6.3)
T (1989—1999) Kzg (4,193) 10.8 (41.3, 8.9)
I (2000—2008) Kzg (3.426) 9.7 (0, 17.5)
1965 Kzg (6,191) 14.4 (14.1, 4.6)
1989—1993 Kzg (4,193) 9.54 (20.7, 0)
1998—2002 Kzg* (9,468)  10.6 (14.1, 7.7)

4.7 (5.7, 2.8) [—2.7, 12.0]
2.9 (4.8, 1.3) [—3.1, 14.8]
2.3 (0.6, 4.0) [—3.6, 9.5]
12.4 (20.7, 5.1) [—15.6, 40.4]
9.4 (17.7, 2.4) [—22.2, 53.0]
4.5 (0, 8.8) [—17.9, 26.9]

13.3 (19.7, 7.5) [—11.1, 37.6]
9.1 (19.3, 0) [—13.2, 18.8]
6.6 (9.5, 4.2) [—9.8, 22.9]

Present study
Present study
Present study
Present study
Present study
Present study
1)

12)

10)

Kzg* contained Koza-Cho
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T~ UBLHIC RS A S h iz,

VIREREBEOEF» S, ERIER, THEER, Bk
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Fig. 1

Changes in senility rate in the population of K area, people in Japan, and ALS patients in K area were

shown.
populations of K area and Japan.
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Kzg #X OFEER D & 2000 EFOEBFHEA D% H
FERRERER 2 CELL, I, I, IHO/KREE
B U7z, 1965 FEDBERIED 518 & Mz ER AR AER
13.3, 1989~1993 D BEERAED 515 & 1L 7z Sl FHEEFERE
LII1THY, NI ITHIHOEE X —BL Twiz,
1998~2002 FEDBEERME D © DFHBEFIERIZ 6.6 T, 2D
EHAIZ 12 1989~1993 4E-° 1965 SEDfE 2t LA E %
RLIARILSER T EEZoNT, & 512 1998~
2002 FOBEIRMEIC B W THMEDIFE S ictkic b L T F

EREEIHERS NI,

LRI BV TRIEROZIC NORER OFEITK &
W EEZ S, SHIKD 65 A EOADIC HH BEEN
OF&OEXREL 2 HASEOZEEAOE S LKL
7o KHURTIX, 1970 EOZBFEAOEE 12.6% THo 12

The senility rate among the ALS patients has recently become much higher than that in the

Kzg area

Fig.2 Residences of the ALS patients were plotted on a
map according to the period of onset

A :onset from 1967-1971, @ : onset from 1989-1999, O :

onset from 2000-2008. The residence of the patients span-

ned the entire area. @ . K area, dotted area indicates Kzg

area. # : Hohara area. * : patients with ALS/PDC.

232000 F2 i 34.2% £, HAZESMIMLEDOEFEAN
OE&OEMEL L Tl REmER LT (Fig.1), &
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W T RIEFERD 65 KA EDOBED H» 2E&1%, EFRED
FBEAOEE LD S S A MERL, 1970 £T
X 13% Th->72d3, 2000 FLAE T1% L EOEE 2RO
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Table3 ALS/PDC patients in K area

. . Calend rat A t
Family Patients alendar yea gea

Sex Family history Symptoms

nset onset
OK #1 1995 71 F - ALS followed by parkinsonism
HY #2 1995 63 F  Propositus Demenia followed by ALS and parkinsonism
#3 1994 58 M  #2sbrother ALS
ST #4 1990 53 M  Propositus Parkinsonism followed by ALS
5 1977 64 F #4'smother ALS and parkinsonism
#6 1972 31 M  #4's brother ALS
M #7 1996 60 F  #8’s cousin Parkinsonism followed by ALS
#8 1989 64 F  Propositus ALS
K #9 2002 80 M - ALS and parkinsonism

#5 and #6 were not included in this study according to the research periods.

[Abbreviation] PDC : parkinsonism-dementia complex

.U oCre.

ALS with tremor

v O m O O 0,

PDC ALS
Fig. 3 Family tree of the ST family
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N5 EBBERTH - T,

K#RX D ALS/PDC o &, I, II, MEEMH 5K
MEFIED 5FER 3 KB, BIURBERDZ W 2 EF %25
D7z (Table 3), 2 512, BB TR WLHBE—RERD
2 FEFISS 1970 ERICED s iz, &A% ALS/PDC
OEPEE A5, THTREDS, IIHIC6ER, I
i 1EFITH -1, HE MRI #8BE T & 2BRORE
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BEMR IV, JERICIEAE (METEAIRME
ZHIRERHE A 77— 16/30 ) 2SHIERL, RECHEFH
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Fig. 4 Brain MRI findings (T,-weighted image)
Marked atrophy in the tegmentum of the midbrain and moderate atrophy in the frontal and
temporal lobes were observed in a patient (III-3, ST).
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x1 AXHREOEKE

Karea kALS Control
Number 432 74 273
Women 259 26 159
Men 173 48 114
Mean age£S.D. | 63.8£10.6 | 63.9+9.7 | 64.0+135

ERBERKER), KALSB L UHBE LTIHEES
WERICIBWTEYERICAEEYED o7,

BE, 6L 2 BFENNATHELZALS
BEEARTRLI ORI L.

2. RERISRE

FEEIFATRECEARRNEAEEMZE (self-
administered food frequency questionnaire .
FEQ)*%#fH L, @% 17 Aoy EREE
KOAHBETHREL:. BYENOFMITE
He Ay 1Y B (fifth revised and enlarged edition,
Science and Technology Agency, 2000) % {& A
L7z, KET7 7 — MREIX, 20045552005
FERICER L.

3. MBTEZFSH

ALSEZ T, BRIMIZ 2RIz fi%E$Ca,
Mg, Cu,Zn, EH >, 77 3 ViEE, intact
PTH# §ll%E L7-. ALSHISBHEREE L 5 ARE T

- TOMMHIEHI6H A (B A H, &A6047H)

Thol:. FROFRMIZI2004%E D 52007 D
ERBZ B LUERL .

Ca? il 7 lXorthocresolphthalein complexone
(OCPC) #, Mgldk¥#:, Cuk Znliflameless

atomic absorption £, intact-PTH {electrochemi-
luminescence (ECLIA) i CHIE L 7-.

Tryr—rREBLUTMEBRAEIZY > Tid
BEINFEIIEAFEEREE,»HXE L OEII
LAHHEFTOLEICLARESZBTHILER
L7z, BHRGHRKILEZERKERFERES
DA %157 (No. 289).

BEH . HEBEBICBWT, EHECHEEIL—
TCACE S ETATIC T, EAAEUEStudent’s ttest,
Mann-Whitney test%, 7757 ) —{L &N/l
IeERE LT o 72,

7 7

KERLKALSB L UMBEROBE R L
(FT1). BEHEOFHERIIFEEZLEO Lo
7.

1. RERNRE

KR LKALS, s BO A SEIEE,» LR
L7-REBPUNY — 22 IRL:. KER
TiE, 70 —IBICR LEEICEETH -
7o, AT — T ABREHAVEEICK
{, R OEEGI»EEIZEETH 7. Ca,
Mg, ZnDEREBEE KERENBTEEESE
Dot

KALSTIE, #hoy—, &R, BE, Rkt
¥, Ca, Mg, ZnDEHE I8V CHEEIZLL
FELBEMELRL, —F, 0 — 12607
DR OBNE GIIAEELEEE R L.

®2 FFQICLZ2REBEMEISOEE

Inhabitants in Patients with

Karea(n=140) | KkALS(n=22) | Control(n=183)
Total energy (kcal) 1,934.6674.1% | 1,377.41+675.3* | 1,776.41:564.7
Protein (g) 66.9+24.1 46.9+28.1% 61.6+223
Fat(g) 45.1+21.1 35.3+21.7% 46.3+18.6
Carbohydrate (g) 289.1+101.1 209.3+100.4% | 255.5+87.3
Protein/enery ratio (%) 14.04+2.9 13.5+2.8 13.8+2.4
Fat/energy ratio(%) 21.416.8** 23.1+7.4 23.6+7.1
Carbohydrate/energy ratio (%) 61.7 £10.9** 61.9+10.2% 58.6+:10.8
Ca(mg) 497.6+271.9 360.2:£222.9* | 431.0%+270.0
Mg (mg) 244.5+89.1 169.8+-85.5* 222.4+774
Zn(mg) 7.7+3.0 55+4.3* 75+29

MeanS.D. *: p<0.05, **: $<0.001 when compared with those of controls.

KERTIE, 870 — 1267 2 kKt BN E»BET, BEERNSSIRET
o7, KALSTIR, #Ho)—, &A, IBE, RAY, Ca, Mg, Zn0BENEIEE
WIREEZRL, —F, Br o) — ¥ 3 BK{EEREESFEHEER L.
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)1, 20054107, 72mEARFAECEM

2. METEECUZnkt L, #0247 7 ARICESMETALS:

. . . . . BAEL 205, RERMOMBFILENET, IL

&5 K AR TIE, MECall, MiFCud g #Cak IPTHEAEAZD S . 75 7
CHAREEIBE($<0.01) T, —F, MiEZnds D e LN IFEHELI5%CIERT. * !
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TRIE L. AIEH () &, 20056108, 72
R ICARO MEECERTIZSN L, =
DI MEFERTED R o205, FD247
A%, LeXDIt SKETX, EEFLE
PR EZZLTHE, BENELEZZL. B
FEELEESH, LTHRBER, TR
e, RESRESATTLED D 5 NALSE T L 7.
FRERNIZER L - AR D iig Lk T,
ff1i%Ca & intact-PTHEAEA3R50 5 1 7= () 1).
KALSTiZ, miE$DnCa, Cu,Zn, 7TV T 3
5 & Cintact PTHIRE A5 BRI H U B 2o 184E
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< Abstract>

Metal analysis of inhabitants in a high-incidence
area of amyotrophic lateral sclerosis and
patients with the disease in
Kii Peninsula, Japan.
by
Tameko KIHIRA, M.D., ?Kazushi OKAMOTO, M.D.,
Sohei YOSHIDA, “Tomoyoshi KONDO, M.D. &
3"Masanori NAGAI, M.D.
from
Department of Health Sciences, Kansai University of
Health Sciences, Osaka 590-0482, Japan, and
UDepartment of Neurology, Wakayama Medical
University, Wakayama, Japan, and 2 Department of
Public Health, Aichi Prefectural College of Nursing
and Health, Nagoya, Aichi, Japan and ¥Department
of Hygiene and Public Health, Saitama Medical
University, Saitama, Japan.

The incidence of ALS is still higher in the southern
part of the Kii Peninsula than other areas in the world,
and Ca/Mg deficiency in drinking water is characteris-
tic of this area. To clarify roles of environmental fac-
tors, dietary intake and serum metal contents were ex-
amined in ALS patients in Kii Peninsula (n = 74), in-
habitants in a high-incidence ALS area (K area, n = 432)
and controls (n = 273). The ALS patients showed lower
serum Ca, intact-PTH, Cu and Zn contents ($<0.01),
and higher Cu/Zn ratios ($<0.05), and a shortage of
dietary Ca and Zn intake (p<0.05) with higher propor-
tion of carbohydrate intake out of total energy compared
to controls. Inhabitants of K area showed the similar
characteristics as the ALS patients. An imbalance of
minerals might have an important role for development
of ALS in Kii Peninsula.
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This case—control study investigated the associations of a history of hypertension, hypercholesterolemia, and
diabetes mellitus with 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. Data on
the vascular risk factors and confounders were obtained from a self-administered questionnaire. The
vascular risk factors were defined based on drug treatment. Adjustment was made for sex, age, region of
residence, pack-years of smoking, years of education, leisure-time exercise, body mass index, dietary intake
of energy, cholesterol, vitamin E, alcohol, and coffee and the dietary glycemic index. The proportions of
hypertension, hypercholesterolemia, and diabetes mellitus prior to the onset of PD were 23.7%, 9.6%, and
Hypercholesterolemia 4.0%, respectively, in cases. Hypertension, hypercholesterolemia, and diabetes mellitus were significantly
Hypertension associated with a decreased risk of PD: the adjusted ORs were 0.43 (95% Cl: 0.29-0.64), 0.58 (95% CI. 0.33-
Japan 0.97), and 0.38 {95% CI: 0.17-0.79), respectively. No significant differences were observed in the association
Parkinson disease of vascular risk factors with the risk of PD between men and women. We found evidence of significant
inverse associations of hypertension, hypercholesterolemia, and diabetes mellitus with the risk of PD in
Japan, Further well-designed investigations of the association of vascular risk factors with the risk of PD are
needed, particularly large-scale prospective studies in Asia,
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1. Introduction

As well as in Western countries, hypertension, hypercholesterol-
emia, and diabetes mellitus are important risk factors for coronary
heart disease in Japan [1,2]. According to epidemiological studies in
Western countries, these vascular risk factors might be related to an
increased risk of dementia and Alzheimer's disease [3-6] although a
null association between diabetes and the risk of Alzheimer's disease
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University, 7-45-1 Nanakuma, Jonan-ku, Fukuoka 814-0180, japan. Tel.: +81 92 801
1011x3311; fax: +81 92 863 8892,
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was reported [7.8]. In two prospective studies in Japan, hypertension
was associated with an increased risk of vascular dementia whereas
no relationship was observed between hypertension and the risk of
Alzheimer's disease [9,10].

Conflicting findings have emerged from epidemiological studies
investigating the relationship between the above-mentioned vascular
risk factors and the risk of Parkinson's disease (PD) [11-27]. Inverse
associations were shown between these vascular risk factors and PD
in several studies {11-18]. On the other hand, three studies found
positive relationships between hypercholesterolemia or diabetes
mellitus and the risk of PD [25-27). To our knowledge, there has
been only one study conducted in Japan on the relationship between
hypercholesterolemia and PD, with results showing that plasma levels
of total cholesterol did not differ significantly between 36 PD patients
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and 29 control subjects [23]. A prospective study of males of Japanese
ancestry in Hawaii reported that hypertension, serum cholesterol, and
diabetes were not related to the risk of PD {20].

In a case-control study of fJapanese, we found that cholesterol
intake was significantly related to an increased risk of PD [28] whereas
we observed a significant inverse relationship between smoking and
the risk of PD [29]. For the current report, we investigated the
relationship between a history of hypertension, hypercholesterol-
emia, and diabetes and the risk of PD using data from the above-
mentioned case-control study [28,29].

2. Methods
2.1. Study population

PD cases were recruited at 3 university hospitals and 1 national
hospital in Fukuoka Prefecture, the largest prefecture in KyushuIsland
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
the mainland. Eligible cases were patients who were within 6 years of
the onset of PD and who presented at one of the 11 collaborating
hospitals between April 1, 2006 and March 31, 2008. PD was
diagnosed by the collaborating neurologists according to the UK PD
Society Brain Bank clinical diagnostic criteria [30}]. The neurologists in
charge invited 298 eligible PD patients to take part in our case—control
study, and 250 patients agreed whereas 48 patients refused (response
rate: 84%).

Recruitment of control subjects was conducted at departments
other than departments of neurology of 3 of the 11 coilaborating
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.
Control subjects were inpatients and outpatients without a neurode-
generative disease and were not, individually or in larger groups,
matched to cases. A total of 528 patients were asked by their attending
physicians or our research nurses to participate in our case-control
study as control subjects. Finally, 372 patients agreed whereas 156
refused (response rate: 70%).

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

2.2. Measurements

Cases and control subjects filled out a set of 2 self-administered
questionnaires 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.

One of the self-administered questionnaires inquired about sex,
age, smoking habits, education, leisure-time exercise, and a history of
hypertension, hypercholesterolemia, and diabetes mellitus. Hyper-
tension, hypercholesterolemia, and diabetes mellitus were defined as
being present when cases had received antihypertensive, cholesterol-
lowering, and diabetic medications, respectively, prior to the onset of
PD or when controls had received such medications at the time of
answering the questionnaires. As part of our case-control study, blood
pressures were not measured. Also, venous blood samples were not
taken; therefore data on blood cholesterol and glucose were not
available in the current study.

A second questionnaire was a self-administered, comprehensive,
diet history questionnaire (DHQ) that was used to assess dietary
habits during the preceding month. Detailed descriptions of the
methods used for calculating dietary intake and the validity of the

DHQ were published elsewhere [31,32]. 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
[33,34]. Information on dietary supplements was not used in the
calculation of dietary intake. The dietary glycemic index (a measure-
ment of carbohydrate quality), which was inversely associated with
PD in our case~control study {35], was calculated according to a
procedure described elsewhere [36]. In a validation study of 92
Japanese women and 92 Japanese men, Pearson's correlation
coefficients between the DHQ and 16-day weighed dietary records
were 0.42 and 049 for cholesterol, 0.50 and 0.58 for the dietary
glycemic index, 0.42 and 0.48 for vitamin E, 0.74 and 0.82 for alcohol,
and 0.55 and 0.53 for coffee, respectively ([36}; S Sasaki, unpublished
observations, 2006). 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).

2.3. Statistical analysis

Sex, age, region of residence, pack-years of smoking, years of
education, leisure-time exercise, body mass index, dietary intake of
energy, cholesterol, vitamin E, alcohol, and coffee and the dietary
glycemic index were selected a priori as potential confounding factors.
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);
years of education into 3 (< 10, 10-12, and > 13 years); and leisure-
time exercise into 2 (less than once a week and at least once a week).
Age, body mass index, and dietary variables were used as continuous
variables.

Logistic regression analysis was applied to estimate crude odds
ratios (ORs) and 95% confidence intervals (Cls) of PD relative to
selected vascular risk factors. Multiple logistic regression analysis was
used to adjust for the potential confounding factors, All computations
were performed using the SAS software package version 9.1 (SAS
Institute, Inc., Cary, NC, USA).

3. Results

About 40% of both cases and controls were male and lived in the
Fukuoka region (Table 1). Compared with control subjects, cases were
more likely to be older, thinner, and engaged in exercise, report never
having smoked, and have a high intake of cholesterol and a low intake
of alcohol and coffee, There were no differences between cases and
controls with regard to sex, region of residence, education, and other
dietary variables.

Table 2 provides crude and adjusted ORs and the 95% Cls for the
risk of PD in relation to selected vascular risk factors. Hypertension
was significantly associated with a decreased risk of PD. Adjustment
for sex, age, region of residence, pack-years of smoking, years of
education, leisure-time exercise, body mass index, dietary intake of
energy, cholesterol, vitamin E, alcohol, and coffee and the dietary
glycemic index slightly strengthened the inverse association: the
adjusted OR was 0.43 (95% CI: 0,29-0.64). Likewise, hypercholester-
olemia was independently inversely related to the risk of PD after
allowance for the potential confounding factors: the adjusted OR was
0.58 (95% CI: 0.33-0.97). Additionally, an independent inverse
relationship was found between diabetes mellitus and the risk of
PD: the adjusted OR was 0.38 (95% CI: 0.17-0.79).

In a sensitivity analysis restricted to males, the adjusted ORs for
hypertension, hypercholesterolemia, and diabetes mellitus were 0.38
(95% CL. 0.19-0.72), 0.55 (95% CI: 0.18-1.54), and 0.34 (95% CI:
0.11-0.91), respectively. The corresponding figures in females were
047 (95% CI: 0.28-0.78), 0.54 (95% Cl: 0.28-1.02), and 0.39 (95% CI.
0.11-1.20), respectively. No significant differences were observed in the
association with the vascular risk factors and PD between men and

— 207 —



Table 1
Characteristics of study population.

n {%) or mean (SD)

Cases Controls P-value
(N=249) (N=368)
Sex (%) . 0.81
Male 93 (374) 141 (38.3)
Female 156 (62.7) 227 (61.7)
Age (y) 68.5 (8.6) 866 (85) . 0006
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 (743) - 222 (60.3)
0.1-299 37 (14.9) 85 (17.7)
2300 27 (10.8) 81(22.0)
Education (%) . 0.81
<10 years 51 (20.5) 77.(20.9)
10-12 years 122 (49.0) 171 (465)
=13 years 76 (30.5) 120 (32.6)
Leisure-time exercise (%) ' ) 0,0004
Less than once a week - 82(329) 174 (473)
Atleast once a week 167 (67.1) 194 (52.7)
Body mass index (kg/m?) 223 (3.3) 23.0 (34) 001
Daily intake s ;
Total energy (kI} 8435.4 (2636.8) 8348.8:(3067.5) 0.71
Chiolesterol (mg) 333.5(197.5) 2994 (166.9) 0.03
Coffee (g) 119.5 (1420) 172.4{209.3) 0,0002
Vitamin E {mg) 8.6 (4.2) 8.4(4.1) 049
Alcohol (g)- - 57 (155) 9.9(27.2) 0.01
Dietary glycemic index 65.1(4.7) 654 (5.3) 039

women (P= 0.65,0.98, and 0.92 for homogeneity of OR for hypertension,
hypercholesterolemia, and diabetes mellitus, respectively).

4. Discussion

The current case—control study found that hypertension, hyper-
cholesterolemia, and diabetes mellitus were significantly related to a
decreased risk of PD after adjustment for the confounders under
investigation.

Significant inverse relationships between hypertension and dia-
betes mellitus and the risk of PD were shown by crude analysis in a
case-control study conducted in Israel [12]. A case-control study in
Italy found that high systolic blood pressure and high blood glucose
were independently related to a reduced risk of PD whereas no
association was observed between blood cholesterol and PD [11].
Taking blood pressure medication was significantly inversely related

Table 2
0dds ratios (ORs) and 95% confidence intervals (Cls) for Parkinson's disease according
to selected vascular risk factors.

n (%)
Factor Cases Controls  Crude OR Adjusted OR
© (N=249) (N=368) (95%CI) (95% C1)?

Hypertension ;

No 190 (76.3) 225 (61.1) 1.00 100

Yes 59 (23.7) 143 {389) 049 (034-070) 043 (029-064)
Hypercholesterolemia

No 225 (904 ) 307 (834) 1.00 1.00 ;
Yes 24(96)  61(16.6) 054(032-083) 058(033-097)
Diabetes mellitus

No . 239 (96.0) 329 (89.4) 1.00 1.00

Yes: . 10 (4.0) 39 (10.6) 035 (0.16—0.69) 0.38 (0.17-0.79)

2 Adjusted for sex, age, region of residence, pack-years of smoking, years of education,
leisure-time exercise, body mass index, dietary intake of energy, cholesterol, vitamin E,
alcohal, and coffee and the dietary glycemic index.

to the risk of PD whereas an association with diabetes was not
significant in a nested case-controf study in the US [13]. A case-
control study of Australians found a significant inverse relationship
between hypertension and PD [14] In a US case-control study,
diabetes mellitus was significantly inversely associated with the risk
of PD in men whereas a null association with diabetes mellitus was
observed in women [18]. A cohort study in the Netherlands showed
an inverse relationship between serum total cholesterol levels and the
risk of PD, especially in women [16]. Use of cholesterol-lowering
drugs and higher serum low density lipoprotein cholesterol levels
were associated with a decreased risk of PD in a US case-control study
{171. In a pooled analysis from the Health Professionals Follow-up
Study and the Nurses' Health Study, higher self-reported total serum
cholesterol in 1990 was associated with a decreased risk of PD;
however, a self-reported history of physician-diagnosed hyperten-
sion, high cholesterol, or diabetes was not related to the risk of PD
[15]. These observations are in partial agreement with our results. The
current findings are not consistent with those of a prospective study
conducted in Finland reporting that a higher serum total cholesterol
concentration and a history of type 2 diabetes were related to an
increased risk of PD {25,26]. The present results are also not consistent
with those of studies showing a null association with hypertension
[19-22] and those of studies that showed a null [19-22] or positive
[27] association with diabetes. These discrepancies may be explained
by differences in the study population and design.

In the previously cited large prospective study in the US, the
average values for systolic blood pressure among individuals with PD
before the diagnesis were similar to those among individuals without
PD although a small but significant decline in systolic blood pressure
among those with PD was abserved after the diagnosis {15]. This
finding might result from autonomic dysfunction in PD patients
[37.38]. Qur results on the inverse association with hypertension
might be ascribed to decreased sympathetic activity, although in the
current study hypertension was defined according to the use of
antihypertensive medications prior to the onset of PD. Likewise,
inverse relationships with hypercholesterolemia and diabetes in this
study might be explained by autonomic failure. Alternatively, with
respect to the inverse association with hypertension, McCann et al.
suggested an advantageous effect of persistent elevation of brain
perfusion {14]. The inverse relationship with hypercholesterolemia
might be attributable to the strong association between levels of
serum cholesterol and coenzyme Q10 {39]. Serum cholesterol is one of
the most important determinants of serum levels of coenzyme Q10,
the electron acceptor for complexes I and II in mitochondria and a
potent antioxidant, which appeared to slow the progressive deteri-
oration of function in PD [39,40]. Beal et al. reported that oral
treatment of aged mice with coenzyme Q10 caused a significant
attenuation of the loss of striatal dopamine and dopaminergic axons
caused by 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine {41]. On the
other hand, the inverse relationship with hypercholesterolemia is
likely to be at variance with our previous finding that higher dietary
cholesterol intake was significantly related to an increased risk of PD
[28]. Moreover, the inverse association with diabetes is likely to
contradict the hypothesis that insulin may increase dopamine
transporter mRNA in the substantia nigra and regulate brain
dopamine concentrations [42] and our previous result showing an
inverse relationship between the dietary glycemic index and PD [35].

The current study had methodological advantages. Cases were
identified based on strict diagnostic criteria and thus the possibility of
misclassification of PD is negligible. The response rate among cases
was high (84%). Extensive information on potential confounders was
adjusted for. Changes in diet, weight [43], and physical activity [44] in
PD patients have been shown to occur before the diagnosis, which
could influence the vascular risk factors under study. Although
selected dietary factors, body mass index, and leisure-time exercise
were controlled for, we cannot rule out residual confounding because
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such data among cases were collected after the diagnosis. However,
the results of a sensitivity analysis confined to cases less than 3 years
from onset (n =109) were similar to those in the overall analysis. The
adjusted ORs (95% Cls) for hypertension, hypercholesterclemia, and
diabetes were 0.58 {0.34-0.95), 0.82 {0.41-1.56), and 0.15 (0.02-0.53),
respectively.

Weaknesses of the present study should be borne in mind. Control
subjects were inpatients and outpatients without neurodegenerative
diseases. Therefore, it is uncertain whether our controls provided an
estimate of the prevalence of exposure in the population from which our
cases arose, although the response rate was reasonable (70%). According
to data from the Hisayama Study, a population-based cohort study in the
town of Hisayama adjoining Fukuoka City, the prevalence of hyperten-
sion (systolic blood pressure >140 mm Hg, diastolic blood pressure
=90 mm Hg, or current use of antihypertensive medication), dyslipid-
emia (serum total cholesterol level >5.7 mmol/L, high-density lipopro-
tein cholesterol level <1.0 mmol/L, triglyceride level >1.7 mmol/L, or
current use of antihyperlipidemic medication), and diabetes (fasting
plasma glucose level >7.0 mmol/L, 2-h postloading glucose level
=11.1 mmol/L, or medical history of diabetes) was 49.4%, 46.4%, and
16.6%, respectively, in 524 males aged 40 years or older, and 37.6%.
54.1%, and 6.6%, respectively, in 877 females aged 40 years or older [45].
The prevalence of hypertension, hypercholesterolemia, and diabetes in
this study was 44.7%, 11.4%, and 16.3%, respectively, in male controls,
and 35.2%, 19.8%, and 7.1%, respectively, in female controls. The results
of the present study are not likely to be distorted because of selection
bias, at least in terms of hypertension and diabetes. The prevalence of
hypercholesterolemia in our controls was not likely to be overestimated.
Because the definition of the exposures under study was based on self-
reported drug treatment, there was a loss of patients with milder
disease. The consequence would introduce a bias toward the null.
Because our control subjects were selected from 3 of the 11 collab-
orating hospitals at which cases were recruited, controls were not
representative of the population from which the cases were drawn.
However, the results of a sensitivity analysis restricted to cases who
were recruited from 3 hospitals associated with control recruitment
(n=153) were similar to those in the overall analysis. The adjusted ORs
{95% CIs) for hypertension, hypercholesterolemia, and diabetes were
0.44 (0.27-0.70), 0.54 (0.27-1.04}, and 0.37 (0.13-0.88), respectively.

We found evidence of significant inverse associations of hyperten-
sion, hypercholesterolemia, and diabetes mellitus with the risk of PD
in Japan. The reasons underlying these associations are unknown. How-
ever, the reduced prevalence of hypertension, dyslipidemia, and
diabetes mellitus in PD has been proposed as caused by the generalized
sympathetic denervation that is amply documented in PD, with reduced
catecholamines and cortisol production [11]. Autonomic failure might
be an early manifestation of the neurodegenerative process underlying
PD {46,47]. Further well-designed investigations of the association of
vascular risk factors with the risk of PD are needed, particularly large-
scale prospective studies in Asia.
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Other members of the Fukuoka Kinki Parkinson's Disease Study
Group are as follow: Yasuhiko Baba and Tomonori Kobayashi
{Pepartment of Neurology, Faculty of Medicine, Fukuoka University);
Hideyuki Sawada, Eiji Mizuta, and Nagako Murase (Clinical Research
Institute and Department of Neurology, Utano National Hospital);
Tsuyoshi Tsutada and Hiroyuki Shimada (Department of Geriatrics

and Neurology, Osaka City University Graduate School of Medicine);
Jun-ichi Kira (Department of Neurology, Neurological Institute,
Graduate School of Medical Sciences, Kyushu University); Tameko
Kihira and Tomoyoshi Kondo (Department of Neurology, Wakayama
Medical University); Hidekazu Tomimoto (Department of Neurology,
Kyoto University Graduate School of Medicine); Takayuki Taniwaki
(Division of Respirology, Neurology, and Rheurnatology, Department
of Medicine, 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 Orthopaedic Surgery, Faculty of Medicine, Fukuoka
University); Takashi Nakagawa, Hirofumi Harada, and Takayuki Sueta
(Department of Otorhinolaryngology, Faculty of Medicine, Fukuoka
University}; Toshihiro Kikuta and George Umemoto (Department of
Oral and Maxillofacial Surgery, Faculty of Medicine, Fukuoka
University); Eiichi Uchio and Hironori Migita (Department of
Ophthalmology, Faculty of Medicine, Fukuoka University); Kenichi
Kazuki, Yoichi Ito, and Hiroyoshi Iwaki {Department of Orthopaedic
Surgery, Osaka City University Graduate School of Medicine);
Kunihiko Siraki and Shinsuke Ataka (Department of Ophthalmology
and Visual Sciences, Osaka City University Graduate School of
Medicine); Hideo Yaname and Rie Tochino (Department of Otolaryn-
gology and Head and Neck Surgery, Osaka City University Graduate
School of Medicine); Teruichi Harada (Department of Plastic and
Reconstructive Surgery, Osaka City University Graduate School of
Medicine); Yasushi Iwashita, Motoyuki Shimizu, Kenji Seki, and Keiji
Ando (Department of Orthopedic Surgery, Utano National Hospital).
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Background: Antioxidant vitamins are expected to protect cells from oxidative
damage by neutralizing the effects of reactive oxygen species. However, epidemio-
logical evidence regarding the associations between antioxidant vitamin intake and
fiarkinson’s disease (ffD) is limited and inconsistent. We investigated the relationship
between dietary intake of selected antioxidant vitamins, vegetables and fruit and the
risk of fiD in Japan using data from a multicenter hospital-based case—control study.
Methods: Included were 249 patients within 6 years of onset of fiD. Controls were
368 inpatients and outpatients without a neurodegenerative disease. Information on
dietary factors was collected using a validated self-administered diet history ques-
tionnaire. Adjustment was made for sex, age, region of residence, pack-years of
smoking, years of education, body mass index, dietary intake of cholesterol, alcohol,
total dairy products, and coffee and the dietary glycemic index.

Results: Higher consumption of vitamin E and p-carotene was 51gn1ﬁcantly associ-
ated with a reduced risk of fiD after adjustment for confounders under study: the
adjusted odds ratio in the highest quartile was 0.45 (95% confidence interval [CI]:
0.25-0.79, P for trend = 0.009) for vitamin E and 0.56 (95% CI: 0.33-0.97, P for
trend = 0.03) for B-carotene. Stratified by sex, such inverse associations were signif-
icant only in women. No material relationships were shown between intake of vitamin
C, a-carotene, cryptoxanthin, green and yellow vegetables, other vegetables, or fruit
and the risk of fiD.

Conclusions: Higher intake of vitamin E and B-carotene may be associated with a
decreased risk of fiD.

Introduction

generation of reactive oxygen species and those asso-
ciated with the removal of reactive oxygen species [2].

ffarkinson’s disease (ffiD) originates from a complicated
interplay among genetic and environmental factors,
with aspects of mitochondrial dysfunction and oxida-
tive stress [1,2]. ffxidative stress results from an
imbalance between biochemical processes leading to the
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Thus, antioxidant vitamins are expected to protect cells
from oxidative damage by neutralizing the effects of
reactive oxygen species [3].

A limited number of epidemiological studies exam-
ined the associations of dietary intake of vitamin E,
vitamin C, a-carotene, and/or B-carotene with the risk
of fiD [4-15]. To our knowledge, only three studies
showed that dietary vitamin E intake was significantly
associated with a reduced risk of fiD [4-6], whereas no
study found an inverse relationship between the intake
of vitamin C, e-carotene, or f-carotene and fiD.
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