T3, FEEMROIVRFY )L, 77 IFY—)L
ropinirol X FHEHIE D=0, BiHEPEEEDH 5 EE
TRREBIIEET 2LENH S, —J, EARTIEY
b7 m—4 P-450 TRASI NS DI, DR E D
FICHB AT 2 L8 FRENS, L Lids, ¥
KOG CERIRIVICRIE & 222 Z i3 7z,

Selc sz X 912 ELLDOPA STUDY 2 & b, DA Ti&
BBRICEIT 282 38> T 3 B3h 303, R
HHEBERMADOMMHRELEDOSN B2 L XD DA
ORZ+DICEBRT 22 EBBETH S, FHEICEL
T, TEFYAEDEFHET 2 2 L EHEICE T
VB, FHILVLEEELALDEGLIE F Y ADBEET
b, LEF VAR, DA QBIREHE, Levodopa & D
FH 9 15, wearing off % dyskinesia % # % & L 7z motor
complication 1239 2 BEEIR L FHAIRICO>VBT LR
NDOEGFHIIE ST 32011 mapte 1 10hHSET
MATEELZDADZE F v RIcE-D BETI % &
Y I TEBEL DX, MIEEDS Levodopa TH D, DA
DB EDE IOV TIE I E T Y AMH N L1 S
ZETHE, OBEHTITOLNAET 7 IV — Lok
B7aes ) 7F ot S5 RENEBE L TWwEE, 7
T7IRFY—NWETOESY TFUOMEIITERER
B =Xy Z XM B AR DAL
TRERBOD BV EXZRTOD, HB0IE+H05A
FTFADPHFEL T TRV ED EBDNSEY, 5%
DARNCBIT 2B OBVEZEHHT 2 I LAHEL LA
Iy, FHEHITAREE, @1 0BFICE VT DAICKT 2%
ROMAENELRLZETHE, 2EHIEFr2%2E
EL, 209 ATEMOHMICEIEBE DL DORER
T EWEEER>TL B,

DARIICEIT 2BV BB I N TV B A Y F 4 Ik
ENBDT, P VREEROBMECKRE L 2508
HWRBES OEBRNRERL FAICEE L) 2 AT
52 EDEE LA, PN IETEEL R, Eg
BRI 2 BB L 72005 EERES Cld+oicEEd
NEER, TEFVRAREELAEYV, Z 512 DA DffH
BHEICDVLTH PD OFEIHE SN, BEREISERIC
BRI L z2EZLD LRFORMDH 5. Stocchi 5913,
7 & ¥ Y —)Liz\» L ropinirol & Levodopa ffF 35
BUZDBTHNVTY) Y OJHOBEZ LT\ 55,
AREOREI 2 KL Th, 4 7KEORD, F 780
Unified Parkinson’s Disease Rating Scale (UPDRS) @ &
FicEeREL T3, EEEHERICIIHEICI con-
tinuous dopaminergic stimulation (CDS) #SEETH b,
AN D kD ICERREORE Y DA X, BRHYIC

LEFHEIEROHER AW T2 2 L FHENns, 7
7 IRFY LI DIEHDHERET 2 2 LN
TED, PD BED anhednia ICH§ 2382 i X T
V3%, Anhednia & I ERDBEE T, AEEUCHE NS &
I BRTRICBOTHREEZREUZ VI LRV, FX
SURZICE DA, MHRICH L THERENE S ikl
B EBEL B, D, EFEIC Snaith-Hamilton
Pleasure Scale (SHAPS-D) # M w7-#5fTl3, Rik%
GUR=F Y 2 ALDYHERTTHC, IDIHLT
LEIEETRT I b oTw3Y, ey 7 2iIcH
LTI DL Ve 78 —HIEIEMD S O, MRREEREDC
MEBH B EENTHBEY, =y 7 221, D3
Le 78 —EERGH Y, PRERE IS LR 2R
TEINTWBY, E51CPET 2% 74 2T
b, EERAZROHL S TEMSR DA IS HREHEER O
FIREMEDS TR X 1, DA O B IETIILER 0 &
NI a—Z7y 7E3NTw S, A%, hyE-CHEH
BE & 72 % ropinirol 1, F/33 v EHEEIYEBIL TV 3 Z
& XD, fhd DA ICHARTRHEMAER 2 & OEITEFH 2D 7
WIEPTFRINTW S, 4D DA ITIEZNFNK
RERICE D CHBENR OB OBEET 20, +ot
FUYADBEET b TlERw, Lo TDAKIEE
NZNEFEDSH D, ML D@ SR %> DA I
YT, f4x0BE AL TUALT S I EBKER
%5,

el filidriz DA ORI LT+ ok oy
FYADBHEEL R0, 79 2% Y —)b, ropinirol T
@ SPECT, PET W/ #EICix, ZomiHEER L
T3, 2006 FICHRE SNz TNeurology 20 Cl, =¥
Ty RILE T L E o — TS L R R &
ol HiER B ERBRITVTL 3,

DA DYURXT

EHAIERD Y R 7% Levodopa & ) DA T 4w
2%, —75, BER O R TIEHIRYIC DA #CHEEE
fER, Tl, WEHZ & OMSER, THROSEE, ER
F1E, WIS & OFERIFAR B ER, OB OB
MEALIC X B ARBUEZ E DT 6N 5 (Table 2)0. BT
ETERLEABEREOMENSKECEDD EFsniTtw 3
23, ZORERIZ W TIRFBINSSNEE oty —
A A7, B LIEEEEREE 5 2 L TF
ARLEATHRS, bELEEARILIIIVITLS
RHEL DR DIFEIIT 42 b, Van Camp 52Y D FLancety 3k
DL T FORBFEIEORHE L 2o T 3b, oS
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Table 2 Dopamine agonist therapy in early Parkinson’s disease: A systematic
review of randomised controlled trials (ref. 6)

Qdds ratio 95% Confidence Interval P values
Mortality rates 1.03 0.84~1.26 P=038
Dyskinesia* 0.48 0.40~0.57 P<0.00001
Motor fluctuation™ 0.74 0.62~0.89 P=0.002
Dystonia™ 0.64 0.49~0.84 P=0.001
Side effects Odds ratio 95% Confidence Interval P values
Edema 2.90 2.01~4.21 P<0.00001
Somnolence 2.73 2.12~3.51 P<0.00001
Hallucinations 2.21 1.50~3.27 P=0.00007
Nausea 1.89 1.53~2.35 P<0.00001
Constipation 1.81 1.35~2.41 P=0.00006
Dizziness 1.58 1.23~2.01 P=0.0003
Insomnia 141 1.07~1.87 P=0.01
Drop-out by side effects 2.77 2.26~3.40 P<0.00001

Twenty—eight randomiased trials of DA therapy involving 5,000 patients with early PD were
identified. The trials were identified using the Cochrane Library, MEDLINE, Embase,
PubMed and Web of Science for the years 1966~2003. Major journals in the field, abstract
books and meeting proceedings were also hand-searched. Eligible trials were randomsed
trials of a DA (with or without Levodopa) versus a placebo or Levodopa™ in patients with
early stage PD. Results were combined using the methods of Mantel and Haenszel. This
study confirmed that patients treated with Das are less likely to develop motor
complications than LD-treated patients. In contrast, other side effects which may be more
important for patients and their caregivers are substantially increased.

i, EREOEEREE 9.3mg/H, EBHEHTY
35mg/HTHD, bPEOFER L MR TIUIKE kE
DT 5. OIETRERSE cORERSED 1.25
mg TH 3 I Ex&EZNUL, FED Yamamoto 5 D5
<, HHOBREROEVLSH D, LTV FTOLER
BREDIEE IR AR ELTWwE, ©LAALT) T
OHEOBRSEEHL TS5 FAYTEERES NV
IV ¥ (6~12mg) TOXREWEIMERINTED, WHE
DB O RIRE R, BEICHRE IR S L BE
DAYy FEEBEOPRZOOT, B4 DREFICOWTE
BRI ARE LFEIIE LT L i ow T,
FAZDAICHEBL TwIHIF TR, 5-HT2b OF
Mz DFRE EHEES N TS, BHE, Lisuride i 5-
HT2b N L L AR EZRT L INTBHY,
1968 FEIFHFBEINTWE LD, BHtOEEIZIZHD
Thwe, Zolepsb, 5-HT2b ~OEABRE L
B IED, BADF—IhoIRMIHEING, -
OB e o W TR A ELE bt h, B
FRBEPIRIC X DR R 2 ERLICRET I LT
BEEiDn, 2089 RERTLLEEEFEREEDERN
BEZTIZELREEICRS,

IR & RIIRIRFMEIC DWW T b IEE AR THEDE
IEMHEINTVLAEY, INb DAIKEBELTWED

DD, FED DA ICBEIN L LD TR EFERIT
SENT W5, 8RR OE L P EELHROHED
HOHREE 2> TV BT, EiRk EORENL WEE
oW, PLTHIRR, WERFEENEFELET 2L T
HiuL, oFEFCEET 2 I EHPEE L. DA Dl
ERIC Wi, B2 Y v I BHEEETHIULEIER I
BT 5508, FRINBEIRFE(E22 T IFEMOIRTR % A
WicHRT2 I LY eV v VORI HEES N
5.

SRS MRE IR X PD AlGEORIERTH 1,
Hay v, EE7~ 2, DA, Levodopa (C3#
LT %, B, dopamine dysregulation syndrome (DDS)
DEZHVPEEENT VS, ZIUEEHE CBET S
ventral tegmental area (VTA) @ F/83 v g 2
TELEENRH D EINTVEY, VTA 5 HIBEAD
B DDS DHFEICH D, ZOLDITKPICE>TY
PD T 77 RAMENEENE EINTWSE. TOfl
BEADEEPRKEL, TEIEFRERIFIBRTS
(Table3). Z ZTHETREHKIE, PD DA 7I1Tid non-
motor off bHEET B2 & TH D, EHEEEZ T T
FREEIR % &8 7= neuropsychiatric disorders T#H % Z & D
FiLlT®H %, Anhednia D& Z 13 FRE Y RZWCE I
TEH (Fig.2), —EA I DIWEREIZELRS, 20
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Table 3 Dopamine Dysregulation Syndrome
(DDS) (ref. 2)

+ Craving

- Euphoria/hypomania

- Dysphoria/non~motor offs

* Appetitive behaviours

+ Aggression

* Psychosis

* Motor stereotypies (Punding)

Sensitization of the ventral striatal circuits to dopamine
replacement therapy and appetitive behaviour may be
analogous to the neurpalstic changes in the dorsal
striatum thought to contribute to the motor complica-
tions of DRT such as dyskinesia and repetitive motor
acts.

anhednia IS L, D3 DBETH D Z EBHE XN TV S
3, B 2 O D3 AYENEER 7 £ DDS & O BIEIA R
SNTVBZDLHETHL, NRELBLZEEICLST,
D3 FREUEH DR & 70 2 & EDSFREI NS,

ELLDOPA STUDY &S LIcBD

2006 FILFEERINLIEF v ALESTLEL
B2 — 22 k42, Levodopa DFEIZEE SN, £z
ELLDOPA STUDY Ti&H washout LT 75 RELL D
LT, UPDRS TEZ@BDEZ I E LD, T L A AHER
AEERDSHFEL TR 22 R L Tw23, —7, 8-
CITHDAAMET 75 REE LI L THE > TH
D, PD OMTEMEEL T B0 L) RFET B4
BREOENT RS, ZOHEGZETCOMPUCOVTIE, 2
DRV D ORERPERE N TE h#HORM)H
%, 727° Levodopa Z 7= A & F 1 #5813, washout i
M OFIEP TR ORI w8 S 2 0
D, B PD 2B T % Levodopa DO EEM: 2R L
7ebDTH Y, Levodopa D BIAKEIIZ D v TIZ ST X
N5 EBbis, SHEOES T Levodopa D BIIGIEE I
DT, B DA THBL, b LHEERL
BTN FIUEREICHE T 2 2 & SRR Lt
BINELEZL, 5%, HAMRBESTOHIAFI4
YORMUGTBREL RS, SH, BHRSEECLE
ZI/ONB T E LD, BEEE Levodopa DEIER I
N U@EBUC R LT 2EHADSEKOBS T L RS N
3, HEEEBEL AP o Tl wnic b hdb
57 Levodopa D HRHAZSEN 3 Z L 13, QOL 2% 2
Tt BEHEORERERICRS, BATIZRNER
ERNDIPBHE DR EEVPBONRZ VI LS
v, RIS SO LERBES D BE T R D

Dopamine |

reward
Impairment

Fig.2 Deficiency of dopamine induces anhednia

Dopamine deficiency induces movement disorders
such as parkinsonism, reward impairment, working
memory. All of these factors can also trigger an-
hednia.

Movement disorders

BBRERID DS THSE, bEAA, UPRICKEE
BEHEPTI L0, +9ERE5T AL oBEENE
ZHEE L 72,

fttDi PD Al D45 & BIRE

wLFUY

MAO HEXTH 2 LX) VITBIL TE, HaET
GETHI PD ICH W 2 Z LRI T w s, L Lk
Do, BRLDL LX) v OERESIRE, T L5 RHCH
WBHEIEDAY Y PHFHEIN T3, Levodopa DA
IZ & D EBEHHERO HEOME®, HasE T I B
HORBEEIG A 7223, Levodopa & DHFIZAF XN T
WEDT, GBIV U VOPRZENT-DICD
Levodopa BAZRIFIHA S BE T 3 Z & H BB IC ALT{f
INELEZ L, WKkTRREHp ST 5 2 L CES)
TEROBEBFEIN TS, F-—, EETELX
VS & BT MMPHE S NI, A ¥ T7F U
ATOBRTEEINTWBY, 25— 5hHE (F—
A%HE T MAO-A & MAO-B Ol #HET2 L /L
TELFY o flsn, SMENELS) 10k
DAMRME FRICIZEESKRETH S,

BRI I

ARIA V7N U FOREEL L GEFEICDPITER
ENTVLBEH, A V7LDV FICBE LTS EER
FAUIREIRER L2 LIBT3, fFRBERICO LT
ZREAZ 3% {, NMDA Z&EME#E LTEEE N
TWBY Ay VBEZ2—O I VRAI I —T
FORKTROBERZMGIT2Z LT, HiPDEA%
R IENRBRINTVS, BETRE, ETHO dyski-
nesia IX LAIRZR T Z L i Twns, —F7T,
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MNER e EOEBHIBEOMBENS b, TR
TEROT—ALHERT 5, dyskinesia BWHIELL T\ 3
T ATEBEBICHCAERE LEZ D,

7 RS-

WEE L) ~NFO 7 22008, bETHHPD EH
FHFINTERHEIN TS, HuEFHDLZD L Fv
ADE LV DOFERIZ A 22003, PD OEERER I 5
L7 v vy v EEROBIREEZR T, R LA
B2RT 2 & PREBICHER S 1T\ 7223, Levodopa &
WLUTHBEMENTWE I bidky, DLUAEMER &L
TRAMEDORED D b, IERFERELSHBE L 2o T
%, COEBREREIFHNTHSLDT, PEICLD
B2 2 EE SN TWLBY,

FOFY R

T AROBERICERZ OGS HEE S, ZOMifE
EEDEB/ NTFLFY v THBE I EDE, ORI
YWETHD Fuxs PRI Fuds Foug,
HETHPD 2 R%RELTVS, HHRIEHH DD,
Levodopa I DIERICH L, H2BREERZRT. &
2, $AR, MEEE, FARNEECES T
FLTwB, BIMERMECN L CORESHEINT
VWa, BRT S IEopEICERLTEY, LLDE
WAY T 4 0,

VZHIR

AATHFE X NI TADPAIET, 10 FEL kR
B3k %, Lido TEREHIT 2T T0REEE»HE
35, ZOFEXEFEKWIC PDICERITH B LD
Murata 520 X Y & S N7z, EREFICO VT,
MAO-B FHEMER, F a3 v ikKE{hEEE D mRNA OFIHE
VALV, ZDOEROEME N LI PR AR
EFHDMHEE ST 5, BRKAYICZIE wearing off DUE
BEEEZSTEY, L2bFRICOWLTULERH S
NHEREREDEZDIPHVE (TAPATIE, 200~
600 mg/H, #TPD fEM & L Tlx 25, 50, 100mg) T%h
BERT Lo TWE, 2OV =¥ 3 FOHLPD
ZHRIZ DT, BREE ISR 22 EgIE IV
TEY, BRESOBEBEEIHRERINL. S8V =Y
IR, 7 v Y ALERBTORENED S hAED S F
BaEnEHE L EEINETH S,

BHbIC

IRAE PD AR 2 388 > TS L 72, Bog oD
IEFYAREDORREHEI LD, BlEEEHE I
DVIIREORIRDSTRE L e o7, —7, PD ISRk
BAREEROENTTH D, Hs DEEHEICK > TRFED
BUEELZLZZELENTE RS R, X 5IC5T T,
FEAG D EBREN 7 7 0 — F > & IR R sk D B 3
b, EHESHE SN TV S, EEARIRH %
HWiLicmb b, PDBBEIELIEICOE>TE TS LW
25, EREEEZ T3 500, BERYEERIZR )
TIEMTEY, EFELANRHEROVLDEREL
v, E 72 B & BRI BL R O Ay 22 fE A &
FRR L 2 UEiE S R ORI E > Tw 5, AR TIREE
YIETE ORI D W TSI L 7228, BRIk ThEG TR
BEIFNICSEIN TR B DD, RIRIGHR 2 IE H
h, REWEROMHEPEENS, 5B TEYHENT
Ta—Fo—RNREPHEHLPICINEDH Z H 3L
BROEREICL DD EFL TS,
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Prognosis of Parkinson’s Disease: Time to Stage III, IV, V, and
to Motor Fluctuations

Kenichi Sato, MD,* Taku Hatano, MD, Kazuo Yamashiro, MD, Maki Kagohashi, MD,
Kenya Nishioka, MD, Nana Izawa, MD, Hideki Mochizuki, MD, Nobutaka Hattori, MD,
Hideo Mori, MD, Yoshikuni Mizuno, MD, and the Juntendo Parkinson Study Group

Department of Neurology, Juntendo University School of Medicine, Bunkyo. Tokyo, Japan

Abstract: We report a long-term outcome on a large cohort of
Japanese patients with Parkinson’s disease (PD). A total of
1,768 (793 men, 975 women) consecutive patients visited our
clinic from 1 January 1989 to 31 December 2002. Among
them, 1,183 patients (531 men, 652 women) came to our clinic
within 5 years from the onset of disease and at the Hoehn &
Yahr Stage III or less at the first visit. Long-term outcome was
evaluated in this subcohort of the patients. We examined the
duration to reach Stage III, IV, and V, and the duration to
develop wearing off and dyskinesia. Time to reach Stage III
was slightly but significantly shorter in women, in that 23.8%
of men and 35.3% of women reached Stage III by the end of the
5th year; 49.7% of men and 63.3% of women reached Stage II1

by the end of the 10th year, and 88.9% of men and 79.9% of
women by the end of the 15th year (P < 0.001). Also, durations
to develop wearing off and dyskinesia were shorter in women
compared to men. These data suggest that the disease progres-
sion may be slightly faster for women. Young-onset patients
showed significantly longer duration to reach Stage III, IV, and
V but shorter duration to develop wearing off and dyskinesia.
Not many studies are available in the literature on the long-term
outcome of PD, and our data would be useful as a reference.
© 2006 Movement Disorder Society
Key words: Parkinson’s disease;
Hoehn & Yahr stage; mortality

treatment; prognosis;

Long-term prognosis of patients with Parkinson’s dis-
ease (PD) has greatly improved since the introduction of
levodopa and other anti-PD drugs to the treatment. But
not many studies are available on the long-term outcome
of PD under the optimum treatment. There are many
studies on the mortality of PD; however, it is hard to find
studies addressing how long it would take to reach
Hoehn & Yahr Stage III, IV, and V under the usual
clinical practice setting. This situation prompted us to
investigate the long-term outcome of PD patients on a
large cohort. Our Medical Center (Juntendo University
School of Medicine) is located in a central part of Tokyo
and is one of the referral centers for movement disorders.
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Therefore, our data could be considered as a representa-
tive on the long-term outcome of PD in Japan.

PATIENTS AND METHODS

Patients

We retrospectively reviewed all the hospital charts on
patients who had visited our clinic and were diagnosed as
PD from 1 January 1989 to 31 December 2002. The
diagnosis of PD was made according to the criteria of
Calne and colleagues,! and those patients who fulfilled
the criteria for clinically probable PD or clinically defi-
nite PD were enrolled (total number = 1,768). Patients
with secondary and symptomatic Parkinsonism were ex-
cluded. Hospital charts were reviewed systematically by
board-certified or board-eligible neurologists of our de-
partment. Items to be checked are defined, and each
reviewer was given a check sheet. Items checked in-
cluded name, sex, date of birth, date of first visit., onset
date and initial symptoms, order of medication and ap-
proximate date of start of each medication, date they
reached Hoehn & Yahr Stage I1I, IV, and V, date and the
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causes of death, if applicable, date of onset of wearing
off and drug-induce dyskinesia. End-of-dose deteriora-
tion, off-period dystonia, and off-period freezing were
taken as the evidence for wearing off. Drug-induced
dyskinesias were defined abnormal involuntary move-
ments that appeared either at peak dose or at onset and
end of dose. We did not include off-period dystonia in
the drug-induced dyskinesia. Missing information was
obtained by the telephone or letters to patients or their
family members. The final neurological evaluation was
made at the hospital visit closest to 31 December 2002.
When the evaluation was made before 31 December
2002, absence of significant change in the neurological
condition was confirmed at the next visit after 31 De-
cember. When significant changes occurred during that
period, the data of the final evaluation were revised
according to the information obtained from the patients
and their caregivers. When patients did not visit our
clinic on a regular base until 31 December 2002, we sent
questionnaires to those patients so that we could evaluate
the final condition during the study period. When they
failed to respond to our questionnaires, neurological
findings at their last visits were used and the disease
durations were counted from the onset of the disease to
the date of the last examination. We sent 825 inquiry
letters and obtained response from 411. Of the 825
letters, 464 were to the subjects who fulfilled the entry
criteria for long-term outcome analysis (n = 1,183) and
we received responses from 213.

Durations to Stage III, IV, V, and to the onset of motor
fluctuation were analyzed on a subcohort of the patients
who visited our clinic within 5 years from the onset and
at the Hoehn & Yahr Stage III or less so that we could
obtain reliable information as to the time they had
reached Stage III and the time they had developed motor
fluctuations, if present at the first visit to our clinic.
Hoehn & Yahr stage was evaluated at the best on, when
they had wearing off. This study was approved by the
Institutional Review Committee for the Ethics of Clinical
Investigations.

Statistical Analyses

Long-term outcomes on the subcohort of patients who
visited our clinic within 5 years from the onset and at
Hoehn & Yahr Stage I1I or less were initially analyzed by
Kaplan—Meier plots. The comparisons between men and
women, between young-onset (50 or before) and late-
onset patients (after 50), among initial symptoms, and
among initial treatment were made with the log rank test.
Kaplan—Meier plots and log rank tests were calculated
using StatMate III (ATMS Corp., Tokyo, Japan). The
comparative analysis of the age at death was performed

on all PD patients. The correlation diagram was drawn to
use the age and the year at death. A mulitivariate analysis
by conditional logistic regression was used to study the
individual role of each factor, including the sex, onset of
age, the starting drug, and the initial symptom. A mul-
tivariate analysis was calculated using StatView.

RESULTS

A total of 1,768 patients (793 men, 975 women) were
diagnosed as PD during the study period, i.e., from 1
January 1989 to 31 December 2002. Demographic data
are summarized in Table 1. The mean age (=SD) of
onset was 57.2 £ 11.2, and its distribution is shown in
Figure 1. The peak age of onset was 60 to 64 years. The
mean age (=SD) at the final evaluation was 66.1 *+ 10.1.
The mean disease duration (*+SD) was 941 * 6.28
years, and the mean Hoehn & Yahr stage at the final
evaluation (=SD) was 2.50 *+ 1.02. The number of the
patients who received L-dopa as the initial treatment was
930 (65.2%), and the total number of patients who had
ever received L-dopa was 1578 (89.2%). The mainte-
nance doses of anti-PD drugs at the final evaluation are
summarized in Table 2. Mean r-dopa dose at the final
examination was 471.5 = 198.6 mg.

Figure 2 shows distribution of Hoehn & Yahr stage
according to the disease duration. When the disease
duration was 5 years or less, percentages of patients at
Stage I or less, II, 11, IV, and V were 14.8%, 12.3%,
49.0%, 28.6%, 3.0%, and 0.7%, respectively. When the
disease duration was 6 to 10 years, these percentages
were 7.1%, 41.9%, 32.1%, 7.8%, and 1.8%, respectively;
in the similar way, for 11 to 15 years, percentages were
2.4%, 28.7%, 33.9%, 13.3%, and 3.5%, respectively; for
16 years and longer 3.3%, 28.7%, 33.9%, 13.3%, and
3.5%, respectively. Percentages of deceased patients
were 0.6% for the fist 5 years, 5.0% for the next 5 years,
12.6% for the third 5 years, and 27.0% for the last five
years.

Durations to reach Hoehn & Yahr Stage I, IV, V, and
to the onset of motor fluctuations were evaluated in a
sub-cohort of the patients who visited our clinic within 5
years from the onset and the Hoehn & Yahr Stage III or
less. A total of 1,183 patients (531 men, 652 women)
fulfilled these criteria. Demographic data on this sub-
cohort are shown in Table 3. The duration to Stage III is
shown in Figure 3. Percentages of patients who reached
Hoehn & Yahr Stage III by the end of the 5th, 10th, and
the 15th year after the onset were 30.2%, 57.2%, and
83.5%, respectively. A slight but significant difference
was noted between men and women, in that women
reached Stage III slightly but significantly earlier than
men; i.e., 23.8% of men and 35.3% of women reached

Movement Disorders, Vol. 21, No. 9, 2006
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TABLE 1. Demographic data on the total cohort

Men Women Total
No. of patients 793 975 1768
Age of onset (yr) 56.5 114 57.8 + 11.1 572112
Age at the first visit (yr) 60.3 = 10.8 61.8 = 10.1 61.1 = 10.5
Age at the last examination (yr) 65.3 + 10.5 66.8 9.8 66.1 £ 10.1
Disease duration (yr) : 9.31 £ 6.14 9.50 = 6.39 9.41 *+ 6.28
Hoehn & Yahr stage at the first visit 2.13 = 0.84 2.16 = 0.91 2.15%+0.88
Hoehn & Yahr stage at the final evaluation 2.40 £ 0.93 2.58 = 1.08 2.50 = 1.02
Years to the use of L-dopa 2.95 +2.62 2.81 = 2.64 2.87 £ 2.63
Years to the use of an agonist 4.73 = 3.81 4.87 + 3.98 4.81 = 3.90
No. of patients who received L-dopa first 426 (53.7%) 504 (51.7%) 930 (52.6%)

No. of total patients who received L-dopa

No. of patients who received an agonist first 68 (8.6%)
No. of total patients who received agonists

No. of patients who received other anti-PD 159 (20.1%)
med

Initial symptoms

Tremor

Gait disturbance

Bradykinesia

709 (89.4%) 869 (89.1%) 1578 (89.2%)

103 (10.6%) 171 (9.7%)

534 (67.3%) 662 (67.9%) 1196 (67.7%)
241 (24.7%) 400 (22.7%)

365 (47.5%) 522 (54.7%) 887 (51.5%)

225 (29.3%)
155 (20.2%)

255 (26.7%)
146 (15.3%)

480 (27.8%)
301 (17.5%)

Others 24 (3.1%) 32 (3.4%) 56 (3.2%)

Side of initial symptom

Right 409 457 866

Left 286 392 678
Mean = SD.

Stage III by the end of the 5th year and 49.7% of men
and 63.3% of women reached Stage III by the end of the
10th year; however, at the end of the 15th year, 88.9% of
men and 79.9% of women reached Stage III. The overall
difference was statistically significant (P < 0.001 by the
log rank test). The multivariate analysis also confirmed
the above male—female difference (data not shown).
The duration to reach Stage IV is shown in Figure 4.
Percentages of patients who reached Hoehn & Yahr
Stage IV by the end of the 5th, 10th, and the 15th year

350

{
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FIG. 1. The distribution of the age of onset. The peak age of onset was
60 to 64 years. The mean (= SD) age of onset was 57.2 & 11.2. There
was no difference in the age of onset between men and women.
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after the onset were 6.5%, 27.9%, and 41.2%, respec-
tively. There was no significant difference between men
and women. The duration to Stage V is shown in Figure
5. Percentages of patients who reached Stage V by the
end of the 5th, 10th, and the 15th year after the onset
were 2.1%, 16.5%, and 29.4%, respectively. Again there
was no statistical difference between men and women.

The duration to develop wearing off fluctuations is
shown in Figure 6. Percentages of patients who devel-
oped wearing off fluctuations by the end of the 5th, 10th,
and the 15th year after the onset were 21.3%, 59.4%,
73.2%, respectively. Women developed wearing off
slightly but significantly earlier than men (P = 0.0064).
The duration to develop dyskinesia is shown in Figure 7.
Percentages of patients who developed dyskinesia by the
end of the 5th, 10th, and the 15th year after the onset
were 8.4%, 35.1%, and 62.8%, respectively. Women
developed dyskinesia slightly but significantly earlier
than men (P = 0.014). Multivariate analysis also con-
firmed the above male~female difference (data not
shown).

Then we examined influence of age of onset on the
duration to reach Hoehn & Yahr Stage I1I, IV, and V and
to wearing off and dyskinesia. Early-onset patients (50
years of age or younger) showed significantly longer
duration to reach Stage III, IV and V, in that 14.7% of
early-onset and 34.1% of late-onset patients (after 50)
reached Stage III by the end of the 5th year from the
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TABLE 2. Maintenance dose of anti-Parkinson drugs at the final evaluation

Drug No. (men, women) Men Women Total
L-Dopa (with DCI) 1304 (579, 725) 492.5 + 196.7 454.7 = 198.5 471.5 = 198.6
Bromocriptine 139 (65, 74) 12.56 = 8.10 10.33 £ 6.14 1136 = 7.17
Pergolide 514 (252, 262) 1.32 £ 0.74 1.11 = 0.61 1.21 + 0.68
Cabergoline 337 (135, 202) 2.68 £ 1.27 2.56 £ 1.27 261 £ 1.26
Talipexole 62 (24, 38) 1.48 = 1.00 1.27 + 0.93 1.35 = 0.96
THP 467 (223, 244) 382 = 1.72 399 £1.82 3.68 = 1.61
Amantadine 484 (213, 271) 163.5 = 62.6 167.0 = 70.5 1654 = 67.1
Selegiline 285 (134, 151) 5.63 £2.17 5.01 £2.00 530 £2.10
L-Dopas 169 (80, 89) 466.7 = 239.0 4224 = 175.2 4779 = 215.8

Mean * SD.

onset, these percentages for early-onset and late-onset
patients were 30.7% and 64.2% by the end of the 10th
year, and 67.4 and 88.6% by the end of 15th year,
respectively (P < 0.001 in log rank test). Regarding the
duration to Stage IV, 3.5% of young-onset patients and
7.3% of late-onset patients reached Stage IV by the end
of the 5th year; these percentages for young-onset and
late-onset patients were 14.4% and 32.1% by the end of
the 10th year and 25.4% and 42.0% by the end of the
15th year, respectively (P < 0.001). These percentages
to reach Stage V were 1.9% and 2.1% by the end of 5th
year from the onset, 7.4% and 19.4% by the end of the
10th year, and 12.9% and 35.7% by the end of the 15th
year, respectively (P << 0.001).

Durations to the onset of wearing off and dyskinesia
were significantly shorter for young-onset patients. By
the end of the 5th year from the onset, 33.3% of young-
onset and 18.1% of late-onset patients developed wear-
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FIG. 2. Distribution of Hoehn & Yahr stages according to the disease
duration. When the disease duration was 5 years or less, percentages of
patients at Stage I or less, II, IIL, IV, and V were 14.8%, 49.0%, 28.6%,
3.0%, and 0.7% respectively. When the disease duration was 6 to 10
years, these percentages were 7.1%, 41.9%, 32.1%, 7.8%, and 1.8%,
respectively; in the similar way, for 11 to 15 years, percentages were
2.4%, 28.7%, 33.9%, 13.3%, and 3.5%, respectively; for 16 years and
longer 3.3%, 28.7%, 33.9%, 13.3%, and 3.5%, respectively. Percent-
ages of deceased patients were 0.6% for the fist 5 years, 5.0% for the
next 5 years, 12.6% for the third 5 years, and 27.0% for the last five
years.
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ing off; these percentages for young-onset and late-onset
patients were 69.4% and 56.5% by the end of the 10th
year and 85.1% and 68.2% by the end of the 15th year,
respectively (P < 0.001). Regarding dyskinesia, 14.3%
of young-onset patients and 6.8% of late-onset patients
developed dyskinesia by the end of the 5th year from the
onset; these percentages for young onset and late-onset
patients were 39.2% and 34.0% by the end of the 10th
year and 72.4% and 57.9% by the end of the 15th year,
respectively (P < 0.001).

Then we analyzed the influence of initial symptoms on
the duration to reach Hoehn & Yahr Stage I1I, IV, and V.
The tremor-onset group and the bradykinesia-onset
group showed significantly longer duration to reach
Stage III compared to the gait disturbance-onset group
(P < 0.01, data not shown). There was no significant
difference between the tremor-onset and the bradykine-
sia-onset group. Initial symptoms in the bradykinesia
group were usually disturbances of hand dexterity such
as hand writing. Initial symptoms had no effect on the
duration to reach Stage IV or Stage V.

In the same way we analyzed the influence of initial
symptoms on the duration to develop wearing off or
dyskinesia. Tremor-onset group showed significantly
longer duration to develop wearing off compared with
bradykinesia-onset and gait disturbance-onset groups
(P < 0.001, data not shown). But initial symptoms were
of no effect on the duration to develop dyskinesia.

Then we analyzed the effects of initial treatment on
the duration to reach Hoehn & Yahr Stage III, IV, and V.
The initial L-dopa group showed slightly but significantly
shorter duration to reach Stage III. By the end of the 5th
year, 32.7% of the 1-dopa group and 23.1% of the
dopamine agonist group reached Stage TII; these percent-
ages for the L-dopa group and the dopamine agonist
group were 61.1% and 41.1% by the end of the 10th year
and 82.1% and 76.3% by the end of the 15th year,
respectively (P < 0.05). The group which was started
with other drugs, mainly an anticholinergic or amanta-

Movement Disorders, Vol. 21, No. 9, 2006
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TABLE 3. Demographic data on the subcohort in which long-term outcome was evaluated

Men Women Total

No. of patients 531 652 1183
Age of onset (yr) 58.6 = 10.7 599 9.7 59.3 = 10.1
Age at the first visit (yr) 60.8 = 10.9 62.2 £ 9.7 61.6 £ 10.3
Age at the last examination (yr) 64.9 = 10.6 66.4 = 9.5 65.7 = 10.1
Disease duration (yr) 6.35 = 3.75 6.50 = 3.69 6.43 +3.72
Hoehn & Yabhr stage at the first visit 1.99 = 0.77 2.01 +=0.84 2.00 = 0.81
Hoehn & Yahr stage at the final evaluation 2.38 = 1.05 248 = 1.13 243 = 1.10
Years to the use of L-dopa (yr) 237 % 1.49 244 + 1.48 241 =149
Years to the use of a agonist (yr) 3.57 = 2.51 346 =224 3.51 +2.36
No. of patients received L-dopa first 271 (51.0%) 300 (46.0%) 571 (48.3%)
No. of total patients received L-dopa 476 (89.6%) 583 (89.4%) 1059 (89.5%)
No. of patients received an agonist first 56 (10.5%) 93 (14.3%) 149 (12.6%)
No. of total patients who received agonists 337 (63.5%) 433 (66.4%) 770 (65.1%)
No. of patients received other anti-PD med 115 (21.7%) 175 (26.8%) 290 (24.5%)
Initial symptoms
Tremor 242 (45.6%) 354 (54.3%) 596 (50.4%)
Gait disturbance 148 (27.9%) 168 (25.8%) 316 (26.7%)
Bradykinesia 111 (20.9%) 97 (14.9%) 208 (17.6%)
Others 15 (2.8%) 22 (3.4%) 37 (3.1%)
Side of initial symptom

Right 268 307 575

Left 198 271 469

Mean *= SD.

PD, Parkinson’s disease.

dine HCI, also showed similar time course as the dopa-
mine agonist group (data not shown). Similar difference
was also noted in the time to reach Stage IV (P < 0.05,
data not shown). Initial treatment was of no effect on the
time to reach Stage V or to develop wearing off or
dyskinesia (data not shown).
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FIG. 3. The duration to reach Stage III. The ordinate indicates the
proportion (percentage) of the patients remaining at Stage II or less.
The abscissa indicates the years from the onset. Total number of the
patients analyzed was 1,178 (men, 530; women, 648). The fine solid
black line indicates men, the gray line women, and the heavy black line
men and women combined. Women reached Stage III slightly but
significantly earlier than men (P << 0.001).
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Duration to death is shown in Figure 8. Percentages of
patients who died by the end of the 5th, 10th, and 15th
year from the onset were 0.7%, 10.2%, and 18.7%,
respectively. No significant difference was noted be-
tween men and women. But age of onset had a significant
effect on the duration to death. Duration to death was
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104 Total 6.5% 27.9% 41.2%

Men 5.0% 27.1% 35.0%

Women 7.7% 28.7% 46.8% i
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FIG. 4. The duration to reach Stage IV. The ordinate indicates the
proportion (%) of the patients remaining at Stage III or less. The
abscissa indicates the years from the onset. Total number of the patients
analyzed was 1,181 (531 men, 650 women). The fine black line
indicates men, the gray line women, and the heavy black line men and
women combined. No significant difference was noted between men
and women (P = 0.212).
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FIG. 5. The duration to reach Stage V. The ordinate indicates the
proportion (%) of the patients remaining at Stage IV or less. The
abscissa indicates the years from the onset. Total number of the patients
analyzed was 1,181 (531 men, 650 women). The fine black line
indicates men, the gray line women, and the heavy black line men and
women combined. No significant difference was noted between men
and women (P = (0.444).

significantly longer for young-onset patients in that 0.7%
of young-onset patients and 0.7% of late-onset patients
died by the end of the 5th year from the onset; these
percentages for young-onset and late-onset patients were
1.7% and 12.8% by the end of the 10th year, and 7.6%
and 22.6% by the end of the 15th year from the onset,
respectively (P < 0.01). Initial treatment and initial
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FIG. 6. The duration to develop wearing off. The ordinate indicates
the proportion (percentage) of the patients without developing wearing
off fluctuations. The abscissa indicates the years from the onset. Total
number of the patients analyzed was 1,175 (527 men, 648 women). The
fine black line indicates men, the gray line women, and the heavy black
line men and women combined. Women developed wearing off sig-
nificantly earlier than men (P = 0.0064).
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FIG. 7. The duration to develop dyskinesia. The ordinate indicates the
proportion (percentage) of the patients without developing dyskinesia.
The abscissa indicates the years from the onset. Total number of the
patients analyzed was 1,177 (528 men, 649 women). The fine black line
indicates men, the gray line women, and the heavy black line men and
women combined. Women developed dyskinesia significantly earlier
than men (P = 0.014).

symptom were of no effect on the mortality (data not
shown).

As sex differences in these analyses were unexpected
to us, we did multivariate conditional logistic regression
analysis. Regarding sex, males had a protective effect on
reaching Stage III (P < 0.001) and for developing wear-
ing off (P = 0.0002) and dyskinesia (0.0039). But male
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FIG. 8. The duration to death. The ordinate indicates the proportion
(percentage) of the patients who remained alive. The abscissa indicates
the years from the onset. Total number of the patients analyzed was
1,183 (531 men, 652 women). The fine black line indicates men, the
gray line women, and the heavy black line men and women combined.
No significant difference was noted between men and women (P =
0.076).

Movement Disorders, Vol. 21, No. 9, 2006



1390 K. SATO ET AL.

TABLE 4. Demographic data on deceased patients

TABLE 5. Causes of the death

Men Women Total Cause No. (%)

Total no. of patients 793 975 1768 Pneumonia 29 (22.1)
No. of patients who died 71 60 131 Sudden death 7(5.3)
Age at death, yr (= SD) 71.9 = 8.0 742 +8.7 729 = 84 Cancer 5(3.8)
Duration to death from the onset, Suffocation 5(3.8)
yr (= SD) 132279 124+ 68 128+ 7.4 Ileus 4(3.1)
Apparent mortality rate 9.0% 6.2% 7.4% Death in bath tab 3(2.3)
Trauma 312.3)

Mean *+ SD. Cerebral hemorrhage 3(2.3)
Malignant syndrome 2(1.5)

. ) Respiratory failure 2(1.5)

sex was the risk factor of mortality (P = 0.025). Regard- Myocardial infarction 2(1.5)
ing the age of onset, young age of onset (50 or before) Rupture of aortic aneurysm 2(1.5)
had tecti Ffect hing Stage III (P < Congestive heart failure 2(1.5)
ad a protec }Ve effect on reaching Stage I Multiple myeloma 2(1.5)
0.0001), reaching Stage IV (P < 0.0001), reaching Stage Subarachnoid hemorrhage 2(1.5)
V (P < 0.0001), and mortality (P < 0.0001), but it was ge“;“ .fa““? . ) } Egg;

. . . . astromtestinal hemorr! age .

a r1sl§ facftor for developing wearing off (1"’ < 0.0001) and Acute cardiac failure 1(0.8)
dyskinesia (P < 0.0001). Regarding the initial treatment, Hepatic failure 1(0.8)
dopamine agonist was a protective factor for developing /S\el?‘icemiﬂ i Egg

wearing off compared to L-dopa. (P = 0020) and with Uii(nnjfwn 50 (382)
other drugs (P = 0.034). Regarding the initial symptom, Total 131 (100)

tremor was a protective factor for developing wearing off
compared to bradykinesia (P = 0.0028) and gait distur-
bance (P = 0.0011). No other significant correlation was
noted among the factors analyzed.

Causes of the death and mortality rate were further
analyzed on the total cohort (n = 1,768). During the 14
years of the study period, 131 patients (71 of 793 men
and 60 of 975 women) died (Table 4). The mean age at
death was 71.9 & 8.0 years for men and 74.2 * 8.7 years
for women (not significant). The duration from the onset
to the death in these patients was 13.2 = 7.9 years for
men and 12.4 * 6.8 years for women (not significant).

Causes of death are shown in Table 5. The most
common identified cause was pneumonia. Many of our
patients died at home, and we were notified of the deaths
of the patients several weeks after the deaths, and it was
not easy to determine the exact causes of deaths. The
causes of the deaths had to be concluded as unknown in
50 (38.2%) of 131 patients. In addition, details of the
premorbid conditions were not known in many patients.
This finding is the reason why somewhat unclear and
obscure causes of the death had to be listed in the table.

Then the age and the year of death of each patient was
plotted in Figure 9 (men) and Figure 10 (women) with
the life expectancy curve of Japanese general population
as a reference. Linear regression curve for the age at
death for male PD patients gradually approached the life
expectancy curve of the male general population as time
went on. As of year 2003, the life expectancy of the male
general population was 78.45 years. The average age at
death of the male patients calculated from the curve was
76.69 years (97.76% of the general population), not
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significantly different from the male general population.
On the contrary, the linear regression curve of the age at
death of female patients had never reached that of the
female general population. As of 2003, the life expect-
ancy of the female general population was 85.63. In
contrast, average age at death of the female PD patients
studied was 76.23 (89.02% of the general population).
The age at death for female PD patients was essentially
the same as that of male PD patients. Female PD patients

1988 150 1992 1994 1996 1998 2000 2002 2004

FIG. 9. The age and the year at death for the male patients. The
ordinate indicates the age at death and the abscissa the year of death.
The ages at death of male patients are plotted against the year at death
(diamonds). The black line indicates the linear regression curve of age
at death for male patients (y = 0.006037x + 64.60). The gray line
indicates the life expectancy of the Japanese male general population
(squares; y = 0.001401x + 75.55; the source of the data is the Vital
Statistics of Japan, Ministry of Health, Labor and Welfare, Statistical
Database). As of 2003, the life expectancy of the male general popu-
lation was 78.36. The mean expected age of death of male Parkinson’s
disease (PD) patients at year 2003 was calculated as 76.69 from the
linear regression curve.
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FIG. 10. The age and the year at death for the female patients. The
ordinate indicates the age at death and the abscissa the year of death.
The ages at death of female patients are plotted against the year at death
(diamonds). The black line indicates the linear regression curve of age
at death for female patients (y = 0.003601x + 69.02). The gray line
indicates the life expectancy of the Japanese female general population
(squares; y = 0.002038x + 81.25; the source of the data is the Vital
Statistics of Japan, Ministry of Health, Labor and Welfare, Statistical
Database). As of 2003, the life expectancy of the female general
population was 85.33. The mean expected age of death of female PD
patients at year 2003 was calculated as 76.23 from the linear regression
curve.

lost approximately 8 years of longevity compared to that
of the female general population in Japan.

DISCUSSION

Studies on long-term outcome of the patients with PD
are few. Particularly, it was hard to find reports on the
duration to reach Hoehn & Yahr Stage III, IV, and V in
a large cohort of PD patients. Although the functional
state of the upper extremities is not very well represented
in the Hoehn & Yahr staging, it is a very useful measure
to evaluate overall functions of PD patients. Generally,
patients in Stage II or below were able to engage in social
as well as daily activities without large difficulty. They
can live an independent life, but there will be some
restrictions in their activities in Stage III, and an inde-
pendent life becomes difficult in Stage IV or above.
Therefore, this is a good scale to estimate the overall
activity state of the PD patients, and it would be nice to
have some idea on how many years it would take to reach
Stage III or IV for both clinicians and patients. We have
to admit that there is a limitation in the accuracy of the
data in retrospective studies like this one. We did
Kaplan—Meier analysis instead of Cox analysis, as the
former method was applicable in the presence of some
missing data. We did our best to obtain missing data of
patients who had been lost for follow-up by sending
questionnaires and by telephoning; however, because of
moves and of other reasons, follow-up information could
not be obtained in 21.2% of the patients analyzed. In

these subjects, we had to use the clinical data at the last
visit to our clinic and the duration of the disease was
calculated from the onset of the disease to the last visit to
our clinic. Therefore, we believe that prognostic data in
terms of the disease duration were analyzed reasonably
appropriately: prognostic data were always analyzed
against the duration of the disease from the onset. How-
ever, we admit that this strategy is a weak point of our
analysis, including the statistical method used and in
interpreting our data; readers should keep this fact in
mind.

Nonetheless, we believe that our data would give us
approximate information on the long-term outcome of
PD patients in an usual clinical practice setting, We did
not intentionally delay the use of L-dopa and we used
L-dopa when it became necessary. Although our center is
a referral center, according to our medical system, any
patient can visit our clinic without a referral letter. There-
fore, not only advanced PD patients, but also many
early-stage patients come to our clinic as can be seen
from Table 3, in that average and mean Hoehn & Yahr
stage at the initial visit was 1.99 = 0.77 in the cohort of
the long-term outcome study, indicating that many mild
cases were included. Therefore, we believe that the pa-
tients we studied represent the general PD population in
our counfry.

Hoehn & Yahr stage was evaluated at the best on in
each patient when wearing off was present. It was diffi-
cult to evaluate the stage at off when usually patients
stayed at home. In addition, we thought evaluation of
Hoehn & Yahr stage during on phase was more impor-
tant to know the level of activities of PD patients. In this
respect, 27.9% of our patients reached Stage IV by the
end of the 10th year from onset and 41.2% by the end of
the 15th year from onset. In another word, 72.1% of the
patients and 58.8% of the patients remained at Stage III
or less at their best on by the end of the 10th and the 15th
year from the onset, respectively. These results appeared
to be more than expected for PD patients. We wanted to
compare our results with those of similar studies reported
in the literature; however, we could not find a similar
study.

Regarding the frequency of wearing off in relation to
the duration of the disease, 21.3% of the patients devel-
oped wearing off by the end of the 5th year from the
onset, 59.4% by 10 years, and 73.2% by 15 years. Time
to develop wearing off in our data is somewhat longer
than those reported in the literature. It has been quoted
frequently that the frequency of motor fluctuations in-
creases by approximately 10% every year from the onset
of the disease.? This rate would mean that the frequency
of motor fluctuations at 5 years from the onset would be
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approximately 50%. Our data of 21.3% is considerably
lower than this. As our data are from a retrospective
study, we might have underestimated the frequency of
wearing off. In addition, we analyzed dyskinesia sepa-
rately from wearing off. These factors might in part
account for the lower frequency of wearing off. How-
ever, the data comparable to ours are also reported in the
literature. Koller and associates? reported 21% frequency
of motor fluctuations with mean maintenance dose of
r-dopa at 426 mg 5 years after the onset in their con-
trolled prospective study. This frequency is comparable
to ours (21.3% and 471.5 mg of 1-dopa 5 years from the
onset). It has frequently been claimed informally that
relatively low frequency of wearing off among Japanese
patients is due to lower L-dopa maintenance dose; how-
ever, according to the present study, this does not seem
to hold true.

Generally, dyskinesia developed after wearing off in
our study. If we compare Figures 6 and 7, frequency of
dyskinesia is constantly lower than that of wearing off
(21.3% vs. 8.4% at the end of the 5th year, 59.4% vs.
35.1% at the end of the 10th year, and 73.2% vs. 62.8%
at the end of the 15th year, respectively). In the literature,
frequencies of motor fluctuations have been reported
variously. Caraceni and coworkers* reported the fre-
quency of motor fluctuations (wearing off and dyskinesia
combined) as 29% at 4 years and 60% at 6 years from
onset; average maintenance dose of L-dopa was 449 mg
at 4 years and 403 mg at 6 years. The Parkinson Study
Group? reported the frequency of wearing off as 50% at
3 years with mean r-dopa dose of 329 mg and that of
dyskinesia 30% with mean L-dopa dose of 387 mg. Thus,
they also reported lower frequency of dyskinesia com-
pared to wearing off with the same duration of the
disease from the onset. Schrag and Quinn® also reported
higher incidence of wearing off (40%) compared with
dyskinesia (28%) in their community based study (total
n = 124). In their study, the prevalence of motor fluc-
tuations was best predicted by disease duration and dose
of L-dopa, whereas dyskinesias could be best predicted
by duration of treatment.

Contrary to our and other data shown above, McColl
and colleagues’ reported that dyskinesia appeared an
average of 7 months before the onset of wearing off,
which developed in 58% of the patients after a mean
treatment period of 35 months. They studied the duration
from the start of L-dopa treatment to the onset of motor
fluctuations. We evaluated the duration from the onset of
the disease to wearing off and dyskinesia, as development
of wearing off depends mainly on the severity of nigral
neurodegeneration. On the other hand, dyskinesia depends
on both disease severity and the dose of L-dopa. Severe
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1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) vic-
tims developed wearing off and dyskinesia shortly after the
initiation of L-dopa.?

Young-onset patients (50 or before) showed longer
duration to reach Stage III, IV, and V suggesting the
slower progression compared with late-onset patients.
Diamond and associates® also reported a more favorable
prognosis for patients with onset under 50 years of age
than those whose symptoms began in later years. In
addition, in their report expected mortality rate was 1.82
for those with onset under 50, 2.17 for those with onset
50 to 59 years, and 2.20 for those with onset after 60. Our
data also suggest a better prognosis for young-onset
patients. But young-onset patients developed wearing off
and dyskinesia faster than late-onset patients. Therefore,
rate of nigrostriatal degeneration may not be slower in
young-onset patients compared to late-onset patients.
Relatively selective nigrostriatal dopaminergic degener-
ation without much of nondopaminergic involvement in
young-onset patients would explain longer duration to
reach Stage II1, despite shorter duration to develop motor
fluctuations.

Tremor-dominant patients showed significantly longer
duration to reach Stage III compared to gait disturbance-
onset patients. Also they showed longer duration to de-
velop wearing off. It has been said frequently that trem-
or-dominant patients tend to show slower progression of
symptoms compared to rigid—akinetic patients.'°-13 Roos
and coworkers!“ also reported that tremor-dominant pa-
tients reached Stage III significantly later than patients
with rigid—hypokinetic patients. Our findings are consis-
tent with these data.

It has been shown in recent prospective studies that
starting the treatment of PD with a dopamine agonist
delayed the onset of motor fluctuations.!>1¢ Sixty-two
percent of our patients received L-dopa as the initial
treatment, 11.4% a dopamine agonist, and 26.6% other
drugs such as an anticholinergic drug, amantadine, or
selegiline. The number of patients who received a dopa-
mine agonist as the initial treatment was too small to
make definite conclusion whether or not starting treat-
ment with a dopamine agonist would have delay the
onset of motor fluctuations. In 1989, when this study was
started, it was not a usual practice to use a dopamine
agonist as the initial drug in Japan. Nonetheless, we
looked at the effects of initial drug on the long-term
outcome.

The initial L-dopa group showed slightly but signifi-
cantly shorter duration to reach Stage III. But from the
small number of the initial dopamine agonist group, we
do not believe that this would mean that L-dopa was
neurotoxic or other medications were neuroprotective.
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The literature also does not support the idea that L-dopa
is in some way neurotoxic to nigral neurons.!”-20 Types
of initial treatment were of no effect on the mortality.
Types of initial treatment were also of no effect on the
time to develop wearing off or dyskinesia.

What was surprising to us was the significant sex
difference between men and women in the time to reach
Stage III, time to the onset of wearing off, time to the
onset of dyskinesia, and the age at death in comparison
with the life expectancy of male and female general
Japanese populations. No participating neurologists ex-
pected such difference when they were treating their
patients. Both time to wearing off and time to Stage 1II
were slightly but significantly shorter for women in our
study suggesting that the disease progression was
slightly but significantly faster for female patients with
PD. The most important contributing factor for the de-
velopment of wearing off is believed to be loss of nigro-
striatal dopaminergic nerve terminals. Therefore, the
time to wearing off in some way may be reflecting the
speed of the progression as the time to Stage III. Time to
Stage IV and V did not show sex difference. Progression
into Stage IV and V may be influenced not only by the
natural progression of the disease but also by intervening
incidents such as severe pneumonia, fractures, malignant
syndrome, and other medical complications. Intervention
by such events might have obscured the sex difference in
advanced stages.

In the literature, Diamond and colleagues?! reported
disability and mortality as having a sex difference. They
analyzed longitudinal disability scores in 47 men and 23
women with PD following them up for 6 years. They
found no significant differences between the sexes in
mean disability scores in any of the 6 years. But they
found a difference in mortality in that the observed to
expected ratio for the men was 1.7457 and for the women
2.4740, a significantly greater excess in female mortality.
Hely and associates?? reported faster progression as mea-
sured by modified Columbia Rating Scale score in fe-
male PD patients compared with male patients. Con-
versely, men did more poorly in other studies.!!-23

In our total cohort, during the 14-year study period
(1989-2002), 131 patients (71 of 793 men and 60 of 975
women) died. When we compared the average expected
age at death in our PD patients from the linear regression
curve of the age at death in PD patients (Figs. 9 and 10),
there was a striking sex difference. As of year 2003, the
life expectancies of the male and female general popu-
lation were 78.45 years and 85.63, respectively. In con-
trast, average expected ages at death of the male and
female PD patients calculated from the linear regression
curves were 76.69 years (97.76% of the male general

population) and 76.23 (89.02% of the female general
population), respectively. The age at death for female PD
patients was essentially the same as that of male PD
patients. Female PD patients lost approximately 8 years
of longevity that Japanese women in the general popu-
lation were entitled to entertain.

By reviewing the literature, the relative risk for mor-
tality of PD patients was variously reported. Among the
more than 20 reports on the mortality in PD, two studies
reported less than 1.5 mortality (1.17 and 1.2) compared
with the general background population,2425 11 studies
reported mortality from 1.5 to 2.0 for PD patients,®26-33
and 10 studies reported higher than 2.0 mortality for
PD.3436-44 Five studies reported sex differences: Dia-
mond and coworkers?® reported mortality rates of 1.75 for
men and 2.47 for women compared with the respective
background populations; Wermuth and colleagues®* re-
ported relative risks for mortality of 1.92 for men and
2.47 for women; Minami and associates3 reported rela-
tive risks for morality of 1.74 for men and 1.97 for
women; Ben-Shlomo and Marmot*° reported a mortality
rate of 2.6 without sex difference; Hely and colleagues??
did not find sex differences in the standardized mortality
ratios between men and women. On the contrary, Lilien-
feld and associates*> and Berger and coworkers#¢ re-

-ported higher mortality for men compared with women.

According to Berger and colleagues,*® relative risk was
3.1 for men and 1.8 for women in European populations.

Riggs* reported an annual age-adjusted mortality rate
in the United States, which was 19.15/100,000 at age
73.73 for men and 28.64/100,000 at age 78.99 for
women each year from 1955 to 1986. Wermuth and
associates®* reported median ages of death at 77.29 years
for men and 79.11 years for women in contrast with the
median ages of death at 80.69 years for men and 84.37
years for women of the respective background popula-
tions. Elbaz and coworkers?® reported the median sur-
vival of PD patients in Olmsted County, Minnesota, for
the period of 1976 to 1995. They found 110 deaths in 196
PD cases and 79 deaths in 185 reference subjects. The
median survival was 10.3 years in PD patients and 13.4
years in the reference subjects. The relative risk was 1.81
in women, and 1.49 in men. According to our data, mean
disease duration from the onset to death was 13.2 years
in men and 12.4 years in women (Table 5).

Imaizumi** studied age-specific mortality rates from
PD in Japan from 1950 through 1993. The mortality rate
was 2.45 per 100,000 for men and 2.12 per 100,000 for
women at age 65.49 years from 1950 to 1951 and 1992
to 1993 compared with the general population. Na-
kashima and associates*® studied mortality in another
Japanese cohort of PD cases. They found that the mean
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age at death was 75.95 * 7.25 for men (n = 57) and
78.37 = 6.69 (n = 57). According to our data, the mean
age at death was 71.9 for men and 74.2 for women (Table
5). In both of these studies, age at death did not differ
much between men and women, despite longer life ex-
pectancy by 7 to 8 years for women in Japan. Our female
PD population will lose approximately 7 years of lon-
gevity over men once they get PD.

The reasons why female PD patients reached Stage III
slightly but significantly earlier than men and developed
wearing off and dyskinesia earlier are not known. Further
studies are needed.

In summary, we reported long-term outcome on a
large cohort of PD patients. Particularly we were inter-
ested in how long it would take to reach Stage III, IV,
and V under a usual clinical practice setting. To our
knowledge, no report has addressed this question on a
large cohort with a long follow-up period.
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Mutation of the parkin gene, which encodes an E3 ubiquitin-
protein ligase, is the major cause of autosomal recessive
juvenile parkinsonism (ARJP). Although various sub-
strates for parkin have been identified, the mechanisms
that regulate the ubiquitin ligase activity of parkin are
poorly understood. Here we report that 14-3-3n, a chaper-
one-like protein present abundantly in neurons, could
bind to parkin and negatively regulate its ubiquitin ligase
activity. Furthermore, 14-3-3n could bind to the linker
region of parkin but not parkin with ARJP-causing R42P,
K161IN, and T240R mutations. Intriguingly, a-synuclein
(2-SN), another familial Parkinson’s disease (PD) gene
product, abrogated the 14-3-3n-induced suppression of
parkin activity. o-SN could bind tightly to 14-3-3n and
consequently sequester it from the parkin-14-3-3y
complex. PD-causing A30P and AS53T mutants of o-SN
could not bind 14-3-37n, and failed to activate parkin.
Our findings indicate that 14-3-31 is a regulator that func-
tionally links parkin and «-SN. The o-SN-positive and
14-3-3n-negative control of parkin activity sheds new light
on the pathophysiological roles of parkin.
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Introduction

In the last decade, people working in the field of Parkinson’s
disease (PD) witnessed a tremendous progress in uncovering
the mechanisms of PD, and several familial PD genes were
discovered in succession (Vila and Przedborski, 2004). Of
these hereditary PD genes, parkin (PARK2), the causative
gene of autosomal recessive juvenile parkinsonism (ARJP), is
of a special interest because it encodes a ubiquitin ligase, a
critical component of the pathway that covalently attaches
ubiquitin to specific proteins with a polymerization step to
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form a degradation signal (Shimura et al, 2000). Indeed,
parkin catalyzes the addition of ubiquitin to target proteins
prior to their destruction via the proteasome, suggesting that
the misregulation of proteasomal degradation of parkin sub-
strate(s) is deleterious to dopaminergic neurons (Dawson and
Dawson, 2003; Bossy-Wetzel et al, 2004; Kahle and Haass,
2004). Consequently, impaired protein clearance can induce
dopaminergic cell death, supporting the concept that defects
in the ubiquitin-proteasome system may underlie nigral
degeneration in ARJP and perhaps sporadic forms of PD
(McNaught and Olanow, 2003). On the other hand, it was
recently reported that parkin also catalyzes the formation of
the K63-linked polyubiquitylation chain, independent of pro-
teasomal destruction, in which the K48-linked polyubiquity-
lation chain is necessary (Doss-Pepe et al, 2005; Lim et al,
2005). Thus, it is plausible that parkin shares two roles as an
E3 ligase; that is, one linking to and the other independent
of the proteasome. '

Among the products of major familial PD genes (Vila and
Przedborski, 2004), a-synuclein (a-SN) is a product of famil-
ial PD gene (PARKI) identified as a presynaptic protein of
unknown function. «-SN is considered in the molecular
mechanisms of PD mainly because it is one of the major
components of the cytoplasmic Lewy body (LB) inclusion
present in the remaining nigral dopaminergic neurons of PD
patients, which is the pathological hallmark of sporadic and
some familial PDs (Forno, 1996). Although various studies
have been conducted on «-SN (Dawson and Dawson, 2003;
Bossy-Wetzel et al, 2004; Kahle and Haass, 2004), its patho-
physiological role(s) and the interplay between o-SN and
parkin are largely unknown.

To date, little is known about the role of parkin as a
ubiquitin E3 ligase with respect to the underlying molecular
mechanism(s) of ARJP or PD. Here we report for the first time
that 14-3-3n, a member of the 14-3-3 family (B/«, v, &, n, /8,
o, and 1/08) (Berg et al, 2003; Bridges and Moorhead, 2004;
Mackintosh, 2004) identified in LB (Kawamoto et al, 2002;
Ubl et al, 2002), binds primarily to the linker region of parkin
and functions as a novel negative regulator of parkin. We also
show that o-SN relieves parkin activity suppressed by 14-3-
3n, indicating that 14-3-3n is a novel molecule handling both
parkin and o-SN, and that functionally links the two familial
PD gene products.

Results

Parkin specifically interacts with 14-3-3y but not with
other 14-3-3 isoforms

We first examined the physical association of parkin with
14-3-3 isoforms, which are abundantly expressed in the brain
(Martin et al, 1994; Baxter et al, 2002). Parkin was immuno-
precipitated from mouse brain extracts, and the presence of
14-3-3 was analyzed by Western blotting (Figure 1A). 14-3-3
was clearly detected in the parkin immunoprecipitant, but
not in those of control IgG or parkin antibody preabsorbed
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Figure 1 Physical interaction between parkin and 14-3-37. (A) Immunoprecipitation by anti-parkin antibody in the mouse brain. Mouse brain
lysates were prepared and treated with anti-parkin or control IgG as described in Materials and methods. The resulting immunoprecipitates
were subjected to SDS-PAGE, followed by Western blotting with anti-14-3-3 and parkin (1A1) antibodies. In all, 1 ug of recombinant parkin was
pretreated with anti-parkin prior to immunoprecipitation. Left lane: the brain lysate (1.5% input). Asterisk denotes an 1gG heavy chain.
(B) Specificity analysis of 14-3-3 species. The immunoprecipitation with anti-parkin and subsequent SDS~PAGE were carried out as in (A).
Western blotting was conducted with antibodies against various 14-3-3 isoforms as indicated for lysates and anti-parkin immunoprecipitates.
(C) Immunoprecipitation by anti-14-3-3n antibody. After immunoprecipitation with anti-14-3-3n or control IgG of the brain lysate, the
immunoprecipitates were analyzed by Western blotting with anti-parkin (1A1) and 14-3-37 antibodies, similar to (A). Left lane: the brain lysate
(1.5% input). Asterisk denotes an IgG heavy chain. (D) Interaction between parkin and 14-3-31) in HEK293 cells. FL-parkin (5 ug), Myc-14-3-
3n, o, B, or § (2pg) plasmids were transfected as indicated into HEK293 cells. After 48h, the cell lysate was prepared and used for
immunoprecipitation with anti-Myc antibody. The immunoprecipitates and the lysate (7.5% input) were analyzed by Western blotting with
anti-parkin and Myc antibodies, as in (A).

with recombinant parkin protein (1pg). Intriguingly, two (Figure 1D). Taken together with the results of Figure 1B,

14-3-3 signals were evident: a faint band and a strongly
stained band, indicating that the 14-3-3 may form homo-
and/or hetero-dimers. Subsequently, we determined the
type(s) of 14-3-3 species that interacts with parkin in the
mouse brain in more detail. In the parkin immunoprecipitant,
14-3-3n, but not other 14-3-3 isoforms examined, that is, B, v,
g, and 1, was detected (Figure 1B). In the next step, we
examined whether parkin is colmmunoprecipitated with anti-
14-3-3n antibody and found parkin in the 14-3-31 immuno-
precipitant (Figure 1C). These reciprocal immunoprecipita-
tion experiments revealed that parkin is associated with 14-3-
37 in the mouse brain.

To confirm the specific interaction of parkin with 14-3-3n,
Myc-tagged 14-3-3n, o, B, or { was cotransfected with FLAG
(FL)-parkin into HEK293 cells, and their interactions were
tested. FL-parkin was detected in the immunoprecipitant
of Myc-14-3-3n, but not those of Myc-14-3-3c, B, and {
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our data indicate that parkin mainly interacts with 14-3-3n.

Parkin domain interacts with 14-3-3y

We next investigated the region of parkin necessary for
interaction with 14-3-3n. Structurally, parkin is characterized
by the presence of the N-terminal ubiquitin-like domain
(UBL) (which is highly homologous to ubiquitin), the
C-terminal RING box, consisting of two RING finger motifs,
RING1 and RING2, flanked by one IBR (in between RING
finger) motif, and a linker region, which connects these
N- and C-terminal regions (Shimura et al, 2000). In these
experiments, various deletion mutants of FL-tagged parkin
were expressed in HEK293 cells and immunoprecipitated by
FL-antibody beads (Figure 2A). FL-parkin or its derivatives
on the beads were further incubated with cell lysates
that expressed Myc-14-3-3n, and then the amounts of Myc-
14-3-3n bound to the beads were determined (Figure 2B).
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Figure 2 Domain analysis of the parkin region that interacts with
14-3-31m. (A) Schematic representation of WT parkin and its dele-
tion- and disease-related missense mutants. See text for the domain
structures of parkin and mutants. The dotted line denotes the
deleted region. (B) Interaction between 14-3-3n and parkin mu-
tants. FL-parkin (2 pg) or its mutant (10pg) plasmids were trans-
fected into HEK293 cells, as described in Figure 1D. The cell lysates
(200-600pl) were immunoprecipitated with anti-FL-antibody
beads. Note that various amounts of the lysates were used to adjust
roughly the levels of expressed parkin mutants. The resulting
immunoprecipitates were mixed with other cell lysates (200 pl)
prepared from cells that had been transfected with Myc-14-3-3n
plasmid (2 ug) and incubated for 6h at 4°C. Then, the extensively
washed immunoprecipitates and cell lysate (7.5% input) were
analyzed by Western blotting with anti-Myc and FL antibodies.
Asterisks denote nonspecific bands.

The full-length parkin could bind 14-3-3n. Deletion of either
UBL or RING-box domain reduced the binding compared to
the full-length parkin, although these deletion mutants re-
tained the ability to bind to 14-3-3n. Furthermore, mutants
with combined deletions of the UBL and RING-box domains,
that is, the linker region, could also bind 14-3-3n to a lesser
extent. Conversely, deletion of the linker region resulted in
the loss of ability to bind 14-3-3n. Taken together, it is
concluded that the linker region is necessary for the inter-
action between parkin and 14-3-3m, although the UBL and
RING-box domains may enhance the binding affinity.
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Interestingly, the ARJP disease-causing missense mutation
within the linker region, that is, parkin(K161N), in which the
Lys residue at position 161 was replaced by Asn residue,
showed complete loss of binding to 14-3-3n, confirming the
importance of the linker region in the interaction between
14-3-31y and parkin. Unexpectedly, other disease-causing
missense mutations of the UBL region, parkin(R42P), and
the RING1 region, parkin(T240R), also showed complete loss
of interaction with 14-3-3n (Figure 2). Thus, although the
UBL and RING-box domains are not primarily required for
the binding, both R42P and T240R mutations in the UBL and
RING-box domains, respectively, deleteriously affect the
neighboring linker domain. Alternatively, since 14-3-3 is
known to form a homo- or hetero-dimer, and thus has two
binding sites (Aitken et al, 2002), it is plausible that 14-3-3ny
interacts with two distinct regions of parkin, one major site
of which is the linker region.

Effect of suppression of 14-3-3n on parkin E3 activity
We next investigated the role of parkin-14-3-3n binding on
parkin activity. At first, we tested its effect on the ubiquitin
ligase activity of parkin. We incubated recombinant His-
parkin with ubiquitin, E1, and E2 (UbcH?7) in vitro. Under
this condition, His-parkin appeared as a smear band, which
likely reflects self-ubiquitylation (Figure 3A). Addition of
recombinant GST-14-3-3n (Figure 3A, left panel) or untagged
14-3-31 (Figure 3A, right panel) to the reaction reduced the
smear of His-parkin, and such reduction was proportionate
to the added amount of GST-14-3-3n or 14-3-31 and resulted
in the recovery of His-parkin of intact size. In addition, we
found that 14-3-3m had no effect on the ubiquitylating activity
of phosphorylated IxkBo by a fully in vitro reconstituted
system, containing E1, E2 (Ubc4), and E3 (the SCFFT®®
complex; Kawakami et al, 2001), indicating that 14-3-37m
does not interfere with ubiquitylating reactions in general
(data not shown). These results strongly suggest that 14-3-3n
suppresses the intrinsic self-ubiquitylation activity of parkin.

We next tested whether 14-3-37 also affects the ubiquityla-
tion activity of parkin in HEK293 cells. First, we examined the
self-ubiquitylation of parkin, whose activity was observed by
cotransfections of HA-ubiquitin and FL-parkin. Myc-14-3-3n
almost completely suppressed the self-ubiquitylation activity
of parkin, while Myc-14-3-3c, B, and { had no inhibitory
effect (Figure 3B), indicating the specific role of 14-3-31 for
parkin. Second, we examined the effect of 14-3-31 on the
ubiquitylation of a model substrate for parkin. When V5-
tagged synphilin-1, a known parkin substrate (Chung et al,
2001), was transfected with FL-parkin and HA-ubiquitin in
the cells, V5-synphilin-1 was found in ubiquitylated form,
as demonstrated by the poly-ubiquitin chain formation
(detected by anti-HA antibody) in anti-V5 immunoprecipitant
(Figure 3C, top panel). VS-synphilin-1 was not ubiquitylated
when FL-parkin was not cotransfected, suggesting that this
ubiquitylation is mediated by coexpressed FL-parkin. Indeed,
FL-parkin was found to be associated with V5-synphilin-1,
further supporting the above notion (Figure 3C, second panel
from the top). Note that the polyubiquitylated bands ob-
served as the smear profile were considered to include not
only major synphilin-1 bands over 90-kDa size but also self-
ubiquitylated bands of parkin over 52-kDa size.

In the next step, we tested the effects of 14-3-37m
on the ubiquitylation and binding activities of parkin to
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