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--~- ~ Article .b.tr.c&-Decreued olfactory fur)(tion commonly occun in idiopalJIic Parkinsonl di~ase (PD). ~lIrdlt" or

Itap. tre.tIDent. or duntiOD 01 diae 1n tbe preleQt .tudy. we lOuabt &0 determine whether different .ubt)'pe8 ol
PD. eatelOri&ed ~ to .eU.fined dinicaJ crit8rla. 8'fideDCt di6-.0t dtlfe.e or olracf«1 d1'function. ~.
cantJJ djtr.Rnt tC()ra ~ \he UnivenitJ 01 Pennlylvania Smt\J tden~tioa Te8t <UPSITJ were p~nt betwHD p8.
tientl witb benip PD and malicnan& PD (rapectlv. me&nll8DJ .22.al (8.M1 and 11.38 (6.29J) and between tremor-
~-lZ!ant PD and PO8tUr.JlD8tabOitJ-p1t ditOrd.r (PIGD}.iIfi-~~m.n& PD (23.4318.18J ""~ 17.S6 le.OOJ). No
atat18tieaD)' aiI'Di8can& ditrt~ In UPSIT ~ wen observed betw~n JOUnco()Oad and oideroGO8et PD patitnta.

Womea outpedormed meQ in IDO8t .ubt)'pe8 uamined.
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Decnand olf'.ctory fuDetioD iI COmmOD iD idio-
pathJc P.rkiI180D.. dlaea.. (PD)1 .Dd OCCUrI iA
m8D1 PD p.tieDta reprdl... or aeverit1 or dura-
UOD of th. dU 8JlDptoma WbU. olf'.ctory
~OD It ...~ ol' otber oeurOOe&eneratiVI
diaeaJe8 .U('h u AJzheimer'. ~ue.' the aenle or
.m,11 I. .p.r.d to .I.rr decree iD e..eDtial
tnmor ..1- m' thJI-4- pbeD JI-112 .3 .8- t.crIIIJd"'P yri -

d i n e (MPrP ). i n d u ced p&rki naonii m ..and p fOCTeI-
.ive .upraDuclear pll.y (PSP).. or the Plrkin.
1ODi8ma. 1osa 01 odor ~tifieatioo abillty .~
to be retative11.pecifie to PD. However. PD ii itaelt
.hetefOleDeo~ dilOrder in both clinical exprel-
afOD and loDI.UnD procnOli.. .Dd IOm. ~upa
h8'Ye recognized .pecific PD .ubtypel.' We eXplored
t.h. po..ibilit, that olfactory fuDctioD dirrered
amoDI PD IUbt7pel &Dd determined whether the
rem.le .uperiorit,1D odor ideDtincatioD abilit,
Doted iD otber PD .tudieal perliJti withiD the PD

1Ub&,poo.

more ,..,.. .hiM m4lilll4J\l PD p8tiel1u had Hoehn and
Yahr Itap m or creater. Trcmor.p~iM"' PD p8.
tienu had .ntio olmean ~mor ICOre to poetura1 inata.
biUt1..ait ~rder (PIGD) 1COr1 oll.5 or more OD tb.
UD~ed PD Ratin, SeaJt. whil. PIOD-pt1domlnGAI PD
patirnu .ere tbOIe in whom lhe ratio wu 1.001' 1e88.'
Patienu witb C'AI'OIIit Acmjpor.in.oI!.:'", bad unilateral
8iina for 401' mon rean (tabl. 1).

Olf8Ctol'J teItiDI ...~ bl1atenn, u8inc tbe
Uniy~nit, or P~nal11yania Smell Identification T.lt
IUPSIT; commerciall1 available.. the Smell lden~ca.
tiOD T..t.. S..8ODiC8. loe. Haddon Hti,bta. NJ). Tb.
UPSIT ~ ~ 40 odoranta pruented with four mu1tj.
pit choict optionl for each it.em. UPSIT ICOre. rani.
6oom O t.o fO .-dial to the Dumber ~~ identi.
~ed odo~ta. ~.. populatioo atudiea ba.e ~.
0801a1, deaned DOrmal ap-re1ated UPSIT 1COra&.t; a acore
~ 34 or mon i8 within the ~ ol normal f«, aduJta.

1nter~up com~ ..n m.de betweeD JOunJ.
YemII oider-onlet patieot8. beniID .u.U8 maJlp811t PD
patientl. tre-D*.pr.dOIDinant yerlU8 PIGD-predominant
PD peti8Dta. .Dd chroDic hemiparkinlOni.m ytmal an
«.ber patieot8 with PD. ~ MJI Kud7 w.. desip8d to
detect ditrereDCe8 amonc PD .ubt)'pel and UPSIT ICO~
for norma1 8Ubje('U are well eatabli.hed. .Dormal .ub-
j«U w ~ re DOt ev aJu a ted .S t.a t i. tieal ~ pa ri.on8 8monI
(fOUpl ~mployed ana1Y1ia ol COYari8Dce (ANCOV A) usin,
ace ...~yarl.te and diseue ITOUP and cender u inde-
~DdeDt yari.ble8. ~nder wu not u.ed u a f.ctor in
th. younl-onset PD yenu. older-onset PD comparitOD
bec:aUM ~ ...onl, ooe female with )'OUn&-OIl8et PD.

MetJaocla. One huDdred .icbuen DOndemented PD pa-
tieota w.re ...iped &0 PD .ubt)'pe8 bued OD .pec:inc
t:1inicaJ mUriL y011"'oM-' PD patienta had tJ\e onset
or dinica1 .ymptoml befon ace 40 years. For tJ\e pur-
po.e. orcom~ iD thia ftud7. an other p8tietlta were
conaidtred olM,.-oIJ.'. P.ti.Dta wit.b 6c"iI~ PD tvi.
~::-:;;0.1 Hoehn and Yahr ~ D diM8M ..-lor 4 ~
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Eta was compuud to determine the proportion or yari.
ance accounted for (18. the effect .iu) due to the main
fact« within each ol'the statistical compari8Ona.

while .till marked}, abnormal. the UPSIT ICOrM
weN hieher in the benicn than in the ma11pant
PO patienta and hiiher in the tremA1r-predominant
than in the PIGD-predominant PD patienta {re-
apecti.. ~parlaona: F(1. 1MJ .~ , .0.001;
F(1.681 .8.79. , .0.004). Larp .tandard devia-
tjona were noted within each f4these Itud, r;roupl.
and the eta n1uee for these two compariaona were
Imall {respective .alUel .0.09 and 0.12). reOec:tinl
conaiderable unexplained .arlanc. in the U-t
ICO~ No ~t differenCM in UPSIT ICOrel
weN hnd between ( 1) the 1oun&-onaet PD and
older-onaet PD patienta and (2) the chronic hemi-
parklnaoniam patienta and other PD patienta. 81-
thouch the , yaJ,* did approach .icnificance (re-
.pective comparllOnl: Fl1. 1151 .2.93. p .0.09;
"1. 1131 .3.39, p .0.07). ID the ~Uer analylia.
the women evideDced hi,her UPSIT ICOrel thaD
did the men (Fl1. 1131 .4.24, p .0.0.). a phe-
nomenon that appeared to be marlinally pre&ent.
but Dot ltatiaticaUy ailnificant. in moat of the other
croup8. .

To more clC»e1y explore the pOIaibility 01 leX dit-
rerenCe8 within the other test poup8. we inc:reaaed
atatiatical power by performiDlo within each atudy
crouP. one-wa1 ANCOVA with lender u the tOle
crou p fador and aae u the covaria te. Women ti 1-
nificantly outpenonned the men in an caaea. with
the exception oCthe croups containinl the .mallelt
sample aizel fie. the youn/-onset ITOUP In. 91. the
PIGO.pr~ominant PO ,roup (D .231. aDd the

,~ I.. ~£l.ROLOG'. 44 w:

Rau1ta. 1118 number and averaee ace (~SD) or the
1U1dect8 within each or the PD lubt1pe8 are indi.
eated In table I. and'the mean (:tSD) UP8lT ICOru
are liven in table 2. 1118 0TeraD mean UPSlT ICOr8
for &11 lubjed8 wu 21.~ <SD .8.15). .value within
the range or UPSIT Ieorel noted in PD patientl
teI~ in an earlier ~.ork.' tm~rtant'y. however.
the mfan UPSIT ..Iuel dirrerfd li,nificanU,
amonr leVeraJ or the PO IUbt1pel (t4blf 21. 'lbUi.



chronic hemip.rkin.onism ,roup In. :l"2I,. The
render m.jn effects ~.ert ..(ollo~.s: (or older-onut
PD. F\ 1. 1061 .8.59. p .0.004; (or benjrn PD. Fll.
7;) .8.95. p .0.004; ror tremor.predominant PD.
F(1.37) .6...S. p .0.03; and (or nonchronic hemj.
pemnooni.m. f(1.93) .7.37. p .0.008. With th.
except1oo o(th. t1'emor.predominant PD verlUl the
PIOb-~omin&Dt PD eompa~n. ace provtd to
be .Ii8Di&aDt ~varl.te in al1 of tbe ana111e1 (aU
pt < 0.001).

larier samplt's. O\'fr..ll. thE'.-'E' data imply that th~

it'ndt'r difft'rt'~~ nolt'd in norm.11 subjE'Cl$. .IS pres.

t'nt in most PO patit'nu .r('~3rdtf'ss or the sut.,t.\~

or di$tase,

The cause of olfactory loas in PO ia unknown.

The olfactory vector hypothesis implies that olrac.

tory ~ptor celll are vulnerable to extemaJ I(enu

(neurotoxinl) that dama.. the olractor)' l)'1tem u

the)' tOter the brain (tee reference 2). An aJterna.

t.ive bypothelia IUuesU that olfactory d)'1rundion

occun u part or the deienerative pn)(eoSl in PO,

with deceneration of the olfactory bulb or other rion OCturrini early in the course of PO. Circum.

Itantial support for Lhis concept includes recent

findinil of olractor)' Iparinl in MPTP.induced

parkinsonisml and pspt in which dopaminerlic

neurons in the mesocorticolimbic l)'1tem an not u

affeeted u in PO. The preaent nndinp lucieat

that there are subtle ditrerenc:ea in olfactory func-

t.ion amonl PO lubtypes and support previoua at.

tempLI to diJtinlUish between the variable PO pa.

tient rrouPt. However. additional cUnicopatholoric

correlation will be necessary to determine whether

or Dot diltinctive pathophy.ioloJic subatratea un.

Mrtie the different clinieaJ npreaaiona of PO.

Undentandinc the heteroleneit)' or PO is be.

cominl increa.inll)' important in an era when

novel therapeut.ic intemntionl are desicned to not

001)' treat symptoms. but also to aJt.er the natural

history of PO. Future Itudjes need to determine it

telt.I or otrldory function are or value in helpinc to

predict the cou~ of PO.

DllCualoD. Prtvioua ltudiel or olfactory function
in PO bave demonstrated that olfactory impair-
meat la preaeat Dot onJy early in t.h~ disease pro.
cei8, but ii bilaural' and indepeadeat. of ( I) the UIe
or anti-PD medicaliOD,I.J (2) a number or neuroloeic
and Deuropaycholoiical mea.ure. ionuenced by
PO, aDd (8) ~~~ .tap.. ~ ~Dt stud, adda
to theN ~"atio~ b, ahowiDI that there are
lubtle difference.a in th. ability to identif1 odorl
amODI recoIni IabI8 PD IUht7pea. wi th r o rms uao-
clated with milder diaabilit, ...mtna to evidence
11i&ht1J better UPSIT perfonnanee.1bese PD Iub-
type8 an baled ~ clinical criteria relat.ed to, but
~8t:f- ~ 6'OID. thi HoehD and Yahr lca1e, and mIJ
thereroN account tor the differeace between the
~t ~ aDd 8&rli« ot.e"atioal bJ Dot.J et
81.. In whleb th.t wu DO ~latioD between 01.
factory 1088 and Hoehn and Yahr .ta,e or durat.ioo
of PO. SeYeraJ IUbtYpel in our .t.uiy (beDiID PO
and ehronJe hemiparkinlOnitm), for uample, .,.
denned both b, de1fe8 and duration or clinical
.ifD. while tremor-predomjnant PO p.ti~nta in-
d uded pa tieD ta with H oehn and Y ahr I taJe8 I to
m. In addition to enabHnr Ut to detect amall differ-
~ in olt8ct.of1 functi~ betweeo leveral rroups,
we reel that 8Da17JIDI PD ~rdiOI to these .ub-
tJpe8 la more conliatent with the clinical hetero-
pneitJ or PD and yariable n~ or diseue proeru-
8iOD.

or the Dine .tud,IfOUpl, the PIOO-predomj-
nant PD and maUJnant PD patienta evidenced the
low..t avera,. UPSIT ICore., .core. which, in
IOme euea. wen four to leven pointol lower thaD
those of oth.er PO .ubt1p' .tudy eroup.. While
10 me of theee indi vi d u all were re p rese n ted in both
of these 1Ubtypea, a number or the malienant PO
patienta had .ufficient tremor to prevent them
from beina included in the PlOD PO lTOup. Never-
tbe1e8a. offactoIJ function wu limiJarl, impaired
in theN patienta. who manifMted .creater deeree
01 fuDetional disabilitJ tho the tremor-predomi-
Dant ..beoicn PO pa den ta. ,

~ preaent data Indieated that female PO pa-
tieot.l tend to outpertOnD mat. PO patientol within
each patient 1UhIrouP. aitIIOIIIII these effecU were
not larre and, in .few instancel, were Pot present
<et, the malilnant PO and PIOO-predominant PD
rroUpl). Since the latter rroUpl comprised rela-
t.ivel, .mall ..mple., tbty mi,ht ~ present in
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