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o] FEA Hujel YUk s A o] (primary progressive aphasia, ©]3} PPA) &
He
=

TolME ZEAH A3t 7] Yk F 38 W PPA
321+ (svPPA: 9 9, IVPPA: 19 9, nfvPPA: 10 %) 3} 32 W] AArato] sk (19
A IbA, 3t A S B Hels walg SES Wl S5 28 S5

o} A 5Ae Holv AAFPA  Aslolr. A dRelA
Aol AE E3dle] PPA o}¥e FHEuA & w, b £Lo] HiE A
ggst= Aol ForHun Fasith. A3} (spontaneous speech) oA FEA A
L4y dodFele] 5AS ek, dAdIEE 553 Afolg &1 & gtk
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® 1. PPASEA A3} ahA| o] 2744 Q)] A

dE AR A=
2004  Gorno-Tempini Cognition and anatomy in three variants of primary progressive
etal. aphasia
2008  Gorno-Tempini The logopenic/phonological variant of primary progressive
etal. aphasia.
2010  Wilson et al. Connected speech production in three variants of primary
progressive aphasia
2011 Gorno-Tempini Classification of primary progressive aphasia and its variants
etal.
2016 Jennifer et al. What do pauses in narrative production reveal about the nature of
word retrieval deficits in PPA
2017  Cordellaetal. Slowed articulation rate is a sensitive diagnostic marker for
identifying non-fluent primary progressive aphasia
2019 Nevler et al. Validated automatic speech biomarkers in primary progressive
aphasia
2022 FE. AP Aol dae] shelFHE wEE 9 4 54
2022  Potagas et al. Silent Pauses and Speech Indices as Biomarkers for Primary
Progressive Aphasia.
2023 o4, At 2] E A

AL 5] BEE D 4 573
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1.2. o] &3 w7

PPAE 3t o] et F8 54 AAFHAPAY Astow 2 HFZFY ¥
4 Gzxstolm o A sty B Ay 274 ddF o 7)o, Azt A7
o8, AbaLgh g2 niddejz A Y AF V)eol BnEHEn 9 txAoR, o
ol Bl W ¥ 2V|HH HAHOoR AP 7] dojF &4 o] Al
Aol " Ao Aol yEhue, AAp 2El fo] Fol= Zlojth HEF thshe] Fo]
A FAk=E e EE Holn, @rlel o= VoY des 2T At
uY7HA FAaEnk® BE PPA A5 Y F, H4 2d 3 A FelE Eulet
A ke, A FApelA g Al flo] 10-14d gt HolFRE AL Al
B a1 E gl

ole]¥ PPAT otdoll whel F3% ol 54 Bk ofyet o557, HfehA
SRL tE 54 /0y dwixow PPAE fASHAY fASHA e Hdow
BREEE, #3% §382 svPPAT I IvPPATOlth svPPATS o] 7] o
w3 whebo] olsfE EAfo]l P FEHA lojr SAojt IS5kt W AWML
ol$lell A Aol yehm ® o] P55 ol o] 2Adg HA GATH. o

A3t AE AL tigol ARRS WIWEA wkEm 2 olad ¢ gle U3t JHE

rE rlr

Ak do WA 53] ‘oA, AAT 5o AA HEAF ARG, CFE7]
(circumlocution), H.4% (perseveration) ¥ 2 E&Ho] #ZHTEN0 g0 Hke] o]
Y A, T 9 T Y, do] wepdshrls BEEE Holthd! g g
Ao 7 syPPATE oF=9] X4?l:r°§(b11ateral anterior temporal lobes) ¥ &= A=
= (Lt. inferior frontal gyrus) £4to] #ZFHY, 53] 50| ¢ IFH HIFS H
Qup2 WelstA o7 £% TDP43 ¥4 273 FTLD-TDP C8& Helth»
T gE F4s F320 WPPAT S ot v o webdstr] w83 o] <l
= 59 At txFQl 5ol # olyst 50w Qs Ho] Wistal, A s}
=] [e]

)

15 SEE wolAu, £ HEE Mmd FARGLN $F ANAL FRYO
AYE7E S, ol A% % FoleE ol GUrkIREN 784 02 WPPAT
=T = Z

22T AR (temporoparietal junction) 8 3= 354 ¢ (Lt. inferior parietal
lobule), %= ?"%ZCO]"/L(Lt posterior superior temporal gyrus) & &40 #5%
Ch135 [vPPAT 2 tHE PPATRT o FW S 915 ojo] vrepdoh 30 e st
o7 ﬂzi/“oﬂoﬂ/\i ol 2ol &= ‘3/] = GHEL Hlr) LI

A Ero 2 M-S 18l nfvPPAT S HIRF ol 7HE 2 5o, ¥F 7
o dgor dxey w8 JHe AP (apraxia of speech, °Jst AOS) = &
HEeh e e 2 O Rl abE: Al dl=, AR, diA, H7F 9 77F dEh

-4 -



T RIS o] Frejxich iz e w9 e F2E oldst 4

o] AstEwA HEA Hstel AT To] vERdTR o] Bls)
I AREC] thEF ou] A AL AfH o R HEEHE Ho|th 15 sy
Z nfvPPATE #= sldFolH(Lt. inferior frontal gyrus) 2 AFY 7l (frontal
operculum), 4% 3 3 (insular cortex) ¥ AHFH (anterior prefrontal regions)
Eo] dEEG I Y g Hor AESFYUAY T FTLD-EH%-¢ FTLD-TDP A

g, xstolvy £AS welrhs

PPAS X% dxstoliy, AFETYNY, FoloAd 5 dast 474 53
g AT BAY B3} dold WIS sbsta AWt RS Fad prolth ofu,
e shte AW B8 Ba @4 5ES setse o] by golsht, o)t
Aoz ofele Uolth mebd Aol B ME AX B ¥ IY W B vy
& AshEol wAHel s, ol FIW Awel Y AW Eed F U
Welthe 53], <ol Hrh FelME A FAS BHe SHHH, SLEA, o
- B, FH-SAEA, FFEA 59 olg) o] UL HT F U: 7§
S AAOIThE HRol thket A HAy AR 93 Yb B9 ¥ 4] gl
B PEsts o ZaAolth oldd Aus Al A F, 2RAY ekt
PPA o}3g WHsk: ® ol@ AEYol ofe] Aol YEHU P 2z
220 HEHA ARL Beh ool FHES F 5 Atk F ARE INAF EE
g ERA AR do] AEHE BHS detd £ gov, FF FANE f83

ot 2w SR SATH I S de 99 wEYVE dEhde, 25719
o) wAol= £k A Wk Bl 4 Agte]l Fo% ¢S Y 25 SR 4 F
e AR 28 71Re] S]] wE wEriojn 2 Vjdke] dde A
= AEE AR e A 52 A A wAY =de= A58 5 itk oA
Aox delrs 2a 7I¥ wAd dot S5 defsy] 8 2HEE SA4=
FRIACLE

st 2ol E4S wotstr] fdt HUF A2 23 A (picture description),
3} (conversation), ©]oF7] ThA] @&t7] (story retelling), ©loF7] @3}7] (story
telling) 3 #-& =3t A9k 9]7] (oral reading) A7} Aoty a3 Aw 314

= ARE Adets) s AR, gt olekrle] nls) EolHoln wahy By
of e HHOR ol Ndl 5y U fFYL FIUAL S YrE g A%
%, ol B4 53 2 RUER Q8 94X R RolAThee = o 9 o

-5-
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1.3. &7 &4
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2.1. a7 o4

AMYgEY MEFAEY AT A3] ] FAs e =, AAE A4 (IRB
A WM3E: 4-2023-1647) 2D F&A (IRB A W5: 4-2018—1032) A7-o|t}.
AT WdAES A7 524 W Ao wel AT oo AW FoE sHlth PPA
A7+ AR} AF(IRB FA] W35 4-2018-1032) 0 529 AMY F 2 A=
A Ao AW st zAtolth PPA A F 38 WolH, svPPA 9 H, IvPPA
19 9, nfvPPA 10 Wolth thxaQl AT ASS5EA A7 Ed AT T8 F
32 Hojr},

PPA 27 e] 23 7]+ vt 2
1) g AAsA 23
A= A
g w HJgo] ZA7F HuE AL Aok oke
3) o] Hrh A 2" AP EIWsh B4 2 digt BAE Fskal whgol
O
=

e 23 VS ey g2
1) AlAFSE, Gz Aoz Agire Aol gl A
2) Alg 9 AEe] AV RuEHAY ek ok 2}
3) Ao W Tk o2 Feike AHo] ¢l= A}
4) s=d  7ro)l A A (Korean—Mini Mental State Examination,

(]
o] K-MMSE) AA] & 24 3 o]AFo =z QAo &A|7} = A

svPPA, IVPPAT, nfvPPAT, A8l Q19-8H4] AR E A9 A3+ 53
Zrh(E 2). syPPATS 9% (56%, F:01=5:4), IWPPATS 199 (42%, wiol=8:11),
nfvPPATS 1098 (40%, F:99=4:6), FJat2 32% (47%, H:o1=15:17)°]dt}.
Hit A7 svPPAT 68.89(+9.42) A, IWPPAT 72.16(+9.19) A, nfvPPAY
69.30(=7.70)Al, AAT 67.44(F78PAZ HAxk 2+ EAFHORE  HFoudHA
okokeh. Hit wHdSFE syPPAT 14.00(£5.36)d, IvPPAT 12.89(+3.61)4,
nfvPPAT 10.80(£4.23)d, AT 12.88(+3.07)doz ek 7+ Fo8kA ¢k,

-8-



Hhde] K-MMSE+ svPPAT 21.33(+7.17) 3, IWPPAT 22.74(£4.56)F,
nfvPPAT 18.60(£4.7H)F, A 27.63(£1.62)Ho% WPPATI 4+ (p=.001),
nfvPPAT ¥ 4 (p<.001) %+ Ze7b yERsth AQE svPPAT 61.73(£18.19) A,
IWVPPAT- 84.47(+10.42)%, nfvPPAT 61.20(+15.67) 822 svPPAT¥ IWPPAT(p=.015),
nfvPPAT#} IVPPA: (p=.003) 1t Zpol& Bk 7784 A= svPPAY 7.78(£1.30) 4,
IWPPAT  8.42(£1.42)%, nfvPPAT  3.90(+1.44)4, AT  8.66(+.74)%0
nfvPPAT# AR (p<.001) 7+ 6235k xjo]7} witt

¥ 2. A A4-EE R

PPA!, M (sd) 7T,
SVPPA? IVPPA? nfvPPA’ M (sd) p
(n=9) (n=19) (n=10) (n=32)
A9 68.89 72.16 69.30 67.44 .300
(9.42) (9.19) (7.70) (7.89)
= 5 8 4 15 .896
(%) (56%) (42%) (40%) (47 %)
FIRCAE S 14.00 12.89 10.80 12.88 294
(5.36) (3.61) (4.23) (3.07)
K—MMSE® 21.33 22.74 18.60 27.63 <.001##*
(7.17) (4.56) (4.74) (1.62)
AQS 61.73 84.47 61.20 <.001##*
(18.19) (10.42) (15.67) -
347 7.78 8.42 3.90 8.66 <.001##%
(1.30) (1.42) (1.44) (.74)

'PPA=primary progressive aphasia; svPPA=semantic variant of PPA; *lvPPA=logopenic
variant of PPA; ‘nfvPPA=non—fluent/agrammatic variant of PPA; "K—MMSE=Korean—Mini
Mental State Examination, score range 0~30; ’AQ=Aphasia Quotient; "84 =PK-WAB—
R ZAAFNA A2z D379 399, score range 0~10

#p< 001



2.2. a7 HA

Apakst A= sk A" HolF AAF(Paradise Korean version—Western
Aphasia Battery—Revised; ©]3} PK-WAB—-R)9 ‘A~x=2 wW3r7] o 9
A A9 oigl HAE o] &3kt

O¥ A A= TaWrhy O"E ARESITH(ES D). HARE IRl elA
& Aol dojyar he=A AolA Hefjsk ApA| 5] 5—75}33 AT’ 2
A AT TEE e g, 13 sl ‘o AFAl8]
gt A AAsEA ek @s AR Al A Fe] e U &
&3k T

g st @ Bgold welsl sbsd 2Ree ALSSTh AwA Tge
“Agfo] FAYUA? Ei “004d ZAEBA Thal oloplaFAL” olck T

BFE R W] /o] el oAGUA EE AT olnsh BB
oItk AR A A% ot HUSHALAY Aol A2 Hol ol A,
ol el A WeHUY 2 dAstel AAHAT

-10 -



2.3. AT+ AX}
2.3.1. A7 &4

T A5 Aol ARl SAEo] AEd ¥ AW A 9 st
A HEH dFES FHste] dAbeloh dAbe dAA o2 Speech—To—
Text(STT)¢l F2v xE(v.1.9.9, NAVER Corp, Gyeonggi—do, KR)Z
ggslgion, o)z o7 At S-S Agste] FAF &S Bk U FAs%T).
Ak B AR A 2(1998) 7F AAE L3t 4 V]SS AREsISlon (1= 2),
Praat(version 6.0.3.9)= o]&sto] A8ttt ol H&
Aet 0.1 Z(100m) o]7%e] Wglrp ojojxx] k= HFEO
DEAL, @ o] WA (o 4, 71H, 5, dH)S FEo
Tl EFAIZT ol e AARZ ERE D A5E T 4 AR,
Q1o Aol w9 EeF ZFH(E 3).

FE

T sk AZE didRbe] sl AlZbE o] % gigstked A" T AL
(&9 =)

T U3 & F ISt o AbEE wske] AA ¢

T 54 & FT IS Fo AbEE 549 AA ¢

sl T sl Fob AbkEsh 3 2H9 &

=dT (F =25/ T sk

sl S5 H AIE T F IsA Fo AbEst & SAdgog &
A Al G E Z(second), B3} &9 E 4 (syllable) &
BX8 29 &A4(SPS: syllable per second) & AA| &
(F =25/ & A

Ty H= # A B AIEE Al T ez s ARES &
=
(F 245 /[ LA - (" A8 AI7D ]

cIu! dotes F e WEREE Ze A4 oFd T ued dHsn
SHHE AHE Al Fsks o]de] v&
(CIUs o4H5 / F 14 4)

ICIU=Correct Information Unit
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2.3.2. A 4 HIE

2 utsl WEZ E oF 10%0] PEts 7THS AosE HAG T xEAA Qa9
B U AE s 9 Frkzk 7F AFEE 77 AFEslh

(1) 7AW A8 =
H7A U Al Es 12 77 159 & A 598 A5 24 Uyoe=
Asto] S48 H7kA Ul AE s 97.21% %

M

(@) BAA A
B4 7 AHNEE ZAeks] ga 2w QolABAl 23 AARelA 1%
AAs BAT AR ¥4 wHon ARMRED st B 4 Az

95.39% % t}.
2.3.3. A48 &4

SPSS(Statistical Package for the Social Science, version 27.0) 2 %3] £7

= APt FAH R 9 2 p<05s IE2E Stk PPA kA v}
el wE e Aolg AvEuA FrolAlw A (chi—square  test) &
AABEAT. PPA Skl el mE A¥, wfds, K-MMSE A5, £34
H zols AHrr] Qe dY AP 4] (analysis of variance, ANOVA)-Z
A8t

A E A D Hd A 2 [fos AfolE Rol=A vpofstazr dnks)

A8 23 (Generalized Linear Model, GLM) & AA|stg . £LHML £ 4 742
el 5%

Ao, B8 £5, 25 S, ClUt BE 42 A%, A, wasdso
= gelst &, s T o Lds ¥ A % e
EABEA T o] Al W Hek 1 FEHAER] =
PPA Al o}3 3t Zfol& B Wl sl 3 H
ROC (Receiver Operating Characteristic) curve #4& 5 A WA (svPPA—-1vPPAT,
svPPA—nfvPPAT, IVPPA—-nfvPPAT, svPPA—dAT, IWVPPA—A4T, nfvPPA-
) AAlET. olE wEo® AHgn W HAS AdA (Cut—off point) &
AbEetdeh, g = 234l ofg] W3 (Area Under the Curve, AUC) O &2 oldH
AEzG digt AFEE gl on, UHEe Holk e Velr Adis
e

- 13 -



3. 2%

3.1. 233 52T

3.1.1. A & A< 3

Anksl A3 2 (Generalized Linear Model, GLM)S & A Hz A,
A, a5ds, Joo] ey FET nA= S (B HE AAET 2"
v j’erﬂ(DZ.OZM) 9 tist A (p=.007) EF wFdTrt mS55s 2ed
A7 UA derdt 23 dig dAcA s A"l AegE (p=.009) T3t
457 "wstth &Y nfvPPA ol ¥ AW HAlE 89(15), izt
A= 39(.13) BATEG FoeA At

7}

A m A= G Qs FAlGe] Untst A3 R E (Generalized Lmear
Model, GLM)& & F4dg o 3t sy 347+ o3 2o(&E 5H).

A IHA (p<.00D) B w3} Al (p<.001) B nfvPPA °] svPPA &, IVPPA
Rl R s e

- 14 -



¥ 4. BA 8 Estd SAgel A= 9F
% A ZA o3} A

B8 (SE) p B8 (SE) p
S| —.00 (.00) 502 -.01 (.00 .009*x
34 (F43) .00 (.09) .949 -.13 (.08) 140
WEAF .02 (.01) 044 .33 (0D .007#x
svPPA! -.12 (.15) 416 .01 (.13) .939
IVPPA? -.16 (.12) 175 14 (11) 182
nfvPPA® -.89 (.15) <.001#%% -.39 (.13) .003**

gt Reference - Reference -

39 gaFel da At A3 made AAste] 49, 48, wHdS, PPA of3% A%
2 ge AR

Mot
i

lsyPPA=semantic variant of PPA; 2lvPPA=logopenic variant of PPA; °nfvPPA=non—
fluent/agrammatic variant of PPA

*p<.05, #*p<.01, *»*xp<.001

-15 -



¥ 5. A E A 7k gy 45 v
2 M (SE) b Post—hoc
svPPA! 18.53 (2.51)
[vPPA? 17.64 (1.64) nfvPPACSYPPA
O3 A A - <001 **x* nfvPPA<IVPPA
l’lfVPPA 868 (113) I’lfVPPA<;§)E};‘E'
At 21.39 (1.53)
svPPA! 13.96 (1.74)
[vPPA? 16.06 (1.41) nfvPPACSVPPA
sk A - <.001***  nfvPPA<IVPPA
A 13.75 (.90)
dutsl Ay RIS INte R YW wald SHEse Hoay xEexk Y AYy 1A
I5AFE, 3 dA= A", aSdFE FHAFO T AR 3]

lsyPPA=semantic variant of PPA; 2lvPPA=logopenic variant of PPA; ®nfvPPA=non—

fluent/agrammatic variant of PPA

#xxp<.001

- 16 -



3.1.2. F& E A

Adul3l A3 R (Generalized Linear Model, GLM) S Ea Ao ¥z oA,
A, wsde, AZE wEYd SEFd vAeE ¥ (F 6)E AlAslh
svPPA & oA (p=.00D)olH, ¥HAF7} HS55(p=.001) 2std SHF7t

A T2 ddgo] GEFE(p=.021) A YEtET dhde)] IvPPA T
gt AAAFIE FAEHA st dE AT APl HEFF(p=.003),
T

AHFAF7E =EFE(p=.016) won, ¥ Aw FHArF digrt 400.09)
Fol5HA Eoktt

5

ZF Ak njXE I Q90S FASe Uvtslt A3 ® ¥ (Generalized Linear
Model, GLM)& &3l 43¢t #A) 2t #3ld 85+ oo 2oi(x 7). 4w
a9 A FAZE s AR Wtk (p<.001). ¥hHel syPPA o, IvPPA
nfvPPA 7 9|8k Apo] & Holx] ookt

-17 -



svPPA' IVPPA* nfyPPA® AT
B p B p B D B D

(SE) (SE) (SE) (SE)
AH 00 .299 .00 310 —.03 .021 -.01 .003

(.00) (.00) .0D) * (.00) *%
4, —.60 .001 —.08 .336 .25 179 —-.04 .697
= (.18) sk (.08) (.18) (.10)
5 .06 .001 .00 .641 .04 .072 .03 .016
| (.01D) sk .0 (.02) (.01) *
ad

27 .16 —.05 .40 <.001
B (.16) 102 (.08) 063 (.18) 778 (.09) ok ok
A
s}  Refere Refere Refere Refere
A nce - nce - nce - nce N

Ol
i

el Aol digk dutsl A3 2SS AAste] A9, 4, S, JAE dF HFER
[e)

'syPPA=semantic of variant PPA; °lvPPA=logopenic variant of PPA; ®nfvPPA=non-—

fluent/agrammatic of variant PPA

*p<.05, #xp<.01, **xp<.001

-18 -



¥ 7. 4% 4 A4 3F g 45 v
I} A M (SE) D
a9 A T4 19.06 (2.24)
svPPA! .075
tf st A 14.06 (1.06)
. IO Ay IhA 17.74 (1.11)
IVPPA* . .069
tf sk A 15.09 (.94)
¥ A A 8.26 (1.17)
nfvPPA? - 757
tf sk A 8.79 (1.25)
a9 A A 21.26 (1.48)
R\ <001 **x*
st A 14.16 (.98)
Autsl HE mS vNtor AW wilg A5 Hod BFoxk svPPATS A,
SIS E, nfvPPATS d9S, AT d¥, ISdFE FEHigos ALgd Wi
WPPATE W& ARSohA] obe Al

lsyPPA=semantic of variant PPA; 2lvPPA=logopenic variant of PPA; °nfvPPA=non—

fluent/agrammatic of variant PPA

#xxp<.001

-19 -



3.2. 23 £&
3.2.1. #A4 8 A 2

Auksl A& %3 (Generalized Linear Model, GLM) S %3] A €z A
A, g, Ade] w3l SR nAE IS (F 8)E AAEY a9 A

| 2 izt AA BFeA fog sAAFTE FAHEA st " A
AN IvPPA o] .22(.11), nfvPPA o] 1.16(.13) AATHTE =}
3} A A nfvPPA o] 56(.15) AATFRT F98A =3

Zy FA|o] v X = G & FASte] Unkst A3 23 (Generalized Linear
Model, GLM)& &3] F43 Hd 1+ 3 £+ o5 2ok 9). 13 29
A (p<.001) 2 tist A (p<.001) EF nfvPPA o] svPPA o, IVPPA
AR FoeiA =% dEel ¥ AYy FHAYA IvPPA o] svPPA
AT EY =g A YErsT

S
o of of

i

- 20 -



33
a9 A A st A
B8 (SE) p B8 (SE) p
S| —.00 (.00) 589 -.00 (.00) 599
34 (F43) -.07 (.09) .394 —-.01 (.09) .908
WEAF .02 (.01) .062 -.00 (.01) 497
svPPA! 10 (14) AT0 17 (15) 241
IVPPA? —-.22 (.11) 047 .00 (.12) 963
nfvPPA® -1.16 (.13) <.001#%% -.56 (.15) <.001 %*x
gt Reference - Reference -
el Srol g Awtsl HE 28S AAste] dF, ¥, weds, PPA olge A3
HEE 9e A3,

lsyPPA=semantic variant of PPA; 2lvPPA=logopenic variant of PPA; °nfvPPA=non—
fluent/agrammatic variant of PPA

#p<.05, #+xp<.001

=21 -



oS M (SE) D Post—hoc
svPPA! 3.54 (.44) IvPPA<svPPA
. IvPPA’ 2.50 (.21) IVPPACE AT
B4 AVPPA 94 (1D <. 001 #xx* nfvPPA<svPPA
nfvPPA<IVPPA
QAT 3.15 (.21) nfvPPA<H AT
svPPA! 3.78 (.50)
[VPPAZ 321 (.29) nfvPPA<sVPPA
o3} 2HA) - <.001 **x nfvPPA<IVPPA
nfvPPA 1.89 (.23) nfvPPA<A AL T
A 3.24 (.22)
3y mEex. 19 Ay A4 2 o)

lsyPPA=semantic variant of PPA; °lvPPA=logopenic variant of PPA; ®nfvPPA=non—

fluent/agrammatic variant of PPA

#xxp<.001

-2 -



3.2.1.1. 19 4% FA 28 S%

PPA Al o}E ERshs dl, I8 AW Al sl £57F A3 ASstast
ROC (Receiver Operating Characteristic) Curve 48 AA%E AdE 23
ZH(E 10). svPPA-IVPPA 9] W&+ 778, Sol=& 895 =
AGHL oF 3.156 Oﬂv} AUC = .778(0.529-1.027) % <%z on, EAFo
T3t} (p=.029). E3 svPPA—nfvPPA 73 IvPPA—-nfvPPA + EF W7 E
1.000, 5ol%+ 800 om, Ay Zh7f oF 1.195 ¢} ¢F 1.241 itk svPPA-
nfvPPA 1 (p=.043) 2] AUC &= .956(0.871—1.040), IvPPA—nfvPPA (p=.031) 9]
ACU += .963(0.902-1.024) 2 F A 2% 5313t}

PPA 7} o}&d3} s ok dl, 27 AW Ao e} Hrt A3 dsetast
ROC (Receiver Operating Characteristic) Curve #41< *e‘/\]; A=
ZoH(E 1D). nfvPPA—Zé’}}il?/] N7 EE 1.000, Sol%
AAGHLS ok 1.080 vt AUC &= .959(0.899-1.019) & Okiswo‘ﬂ% %ﬁlﬁgi
98 (p<.001). wHH stPA—Zé’}Hf(D;ZOG)i} IVPPA—7 74" (p=.073)
B ACU 7F wtoron, Aok =Fo] E7hekicth

FF
oo
O
fu
)
fu)
L
[o g
_E

- 23 -



£10. 27 A9 FA] 23} SEE Fst PPA Al ofF
AUC(95% CIY D Ay wgs EBolk
svPPA'-IvPPA?  .778(0.529-1.027)*  .029  3.156  .778 .895
svPPA'-nfvPPA®  .956(0.871-1.040)*  .043  1.195 1.000  .800

IvPPA%—nfvPPA®  .963(0.902—1.024) * .031 1.241  1.000  .800
a8 A9 BA o] el ko] s ROC 4 #4118 A s Aol

uuY

lsyPPA=semantic variant of PPA; 2lvPPA=logopenic variant of PPA; °nfvPPA=non—
fluent/agrammatic variant of PPA; *CI=Confidence Interval

*p<0.5
1-50|% : -1 -§o|;- 1-Eo|s
(A) svPPA—-1vPPA (B) svPPA—nfvPPA (C) IWVPPA—nfvPPA

29 2. 19 49 sAe Bak S5 PPA oFg k ROC 4

=24 -



F11. 29 A7 SA0) B8 52 Bk PPA 7t olg 3 YT

o o ;1(_]_%

AUC(95% CT*) p Add wgE Bolx
svPPA!— A A .354(0.206—0.128) .206 - - -
IVPPAZ—A A} .692(0.549-0.835) .073 - - -

.959(0.899-1.019
nfvPPA%— A4 ( . ) <001 1.080 1.000  .800

=9 A9 Al B8 el @ ROC %4 B4 AA e A,

lsyPPA=semantic variant of PPA; 2lvPPA=logopenic variant of PPA; °nfvPPA=non—
fluent/agrammatic variant of PPA; *CI: Confidence Interval

#xxp<,001

ROC &4

r

ROC 34 ROC 34

ll
ULE

00
00 0z 04 08 [ i

o 02 04 L1 o8 10
1-50% 1-Bo)s 1-Eo0|s

bR (C) nfvPPA— 4+
g

(A) svPPA—A AT (B) IvPPA—A A
a9 3. 29 Aw HAo] w3l %9 PPA 7ZF ofd W FAE 7F ROC A

- 25 -



3.2.2. F& E A

Adul3l A3 R (Generalized Linear Model, GLM) S Ea Ao ¥z oA,
.

A wgdS, BAZE 8 SEe] MAE 9% (E 12)% AU svPPA
ZolA oA4oH (p=.013), AF (00D 2 LHEAF(p=.002)7F ¥&5= s

£57b Wtk tEe] WPPA 2 oA (p=.00H)% @, nfvPPA
w7 (p=.005) v AFo] W& (p=.001) 23t HE7b WA YEbT
IVPPA 0] .24(.08), nfvPPA o] .52(.22) 19 A7 A7} digtrt {f2)shA
=

ZF Ak njXE I Q90S FASe Uvtslt A3 ® ¥ (Generalized Linear
Model, GLM)<& &3l F43 A 1 s S o3 2o 13).
IVPPA (p=.004) 9 nfvPPA A7 gt A R
3Ho wide] syPPA & 4 A

oo

(% rlo

Ml
o
o}
Jo
1o ©
ol \}
- B
3t
o
il ITIE
ja\a|
f
(03 H-BL
2L of
g
32
o

- 26 -



X 12, A g o vX= 9
svPPA! IvPPA? nfvPPA? AR
B D B D B ) B p
(SE) (SE) (SE) (SE)
Sk .02 <.001 .00 .265 -.05 .001 -.00 .075
(.00) *k % (.08) (.01) *% (.00)
A -.29 .013 —.25 .004 .65 .005 -.13 114
A (1D * (.08) ok (.23) ok (.08)
5 .03 .002 —-.01 246 -.00 916 .02 .080
a0 % .0 (.03) (.01)
a¥
-.06 —.24 .004 —-.b2 .020 -.02
B (.09) 488 (.0%) *% (.22) * (.08) o7
- ) ) ) )
3} Refere B Refere B Refere B Refere B
A nce nce nce nce

ok Sl o@ Awst Ay wye AAsel dd, AE, wgdE, AAE % WrE

ge A,

lsyPPA=semantic variant of PPA; 2lvPPA=logopenic variant of PPA; °nfvPPA=non-—
fluent/agrammatic of variant PPA

*p<.05, #xp<.01, **+xp<.001

- 27 -



¥ 13, H& ¥ A sl £ Wl
I M (SE) p
a3 AT THA 3.43 (.24)
svPPA! - 489
o s} A 3.68 (.25)
. IO Ay IhA 2.47 (.15)
IvPPA? - .004%*
tf sk A 3.19 (.19)
¥ v A .93 (.14)
nfyPPA® _ 024+
tf sk A 1.58 (.24)
a9 A A 3.15 (.19)
R\ 762
o s} A 3.24 (.19)
duizl H¥ RES o w AW @3 £ro Hudt %ok svPPATS A¥, 4w,
IG5 E, WPPATS AHS, nfvPPATS A8, AES FWZFoT ALES ulde] FAde
T A ke A

lsyPPA=semantic variant of PPA; °lvPPA=logopenic variant of PPA; ®nfvPPA=non—
fluent/agrammatic of variant PPA

*p<.05, #xp<.01

- 28 -



3.3. £ §&

3.3.1. A & A< 3

Aulsl A3 73 (Generalized Linear Model, GLM) < %3] A HzE A,
A, Ado] 25 5o A= ¢S (R 1) E AASSe 138 A

4 WSy g4 49
A 9 st A BF Fe | AAFIE A Skth nfvPPA o] 1§ A
AN 43(.09), th3 FAAA 26(11) FATFET 2814 =#H ).

7y Ao w A= JF QS FAste] ddtsl A3 R (Generalized Linear
Model, GLM) & %38 F43 Ad 7+ 25 £5+ o239 o3& 15). 18 A9
A (p<.001) % izt A (p=.026) EF nfvPPA °] svPPA ¥, IVPPA
ARG 2 F27F =Fh

-29.-



E 14, A H 25 S5 vA= 9F
a9 A A st A

B8 (SE) p B8 (SE) p
S| .00 (.00) .938 -.00 (.00) 181
34 (F43) .08 (.06) 158 .07 (.07) .299
WEAF —.00 (.00) 553 -.01 (.01) 295
svPPA! .01 (.09) .864 14 (11D 223
IVPPA? -.06 (.07) 430 .10 (.09) 227
nfvPPA® —.43 (.09) <.001#%% —-.26 (.11) .022x

gt Reference - Reference -

%o digh dRksl A¥ myS HAA sk A, 4, nSdg, PPA olg g dF
2 Y2 A3,

2N
-y dlo

lsyPPA=semantic variant of PPA; 2lvPPA=logopenic variant of PPA; °nfvPPA=non—
fluent/agrammatic of variant PPA

#p<.05, #+xp<.001

-30 -



2 M (SE) b Post—hoc
svPPA! 5.94 (.51)
[vPPA? 5.44 (.32) nivPPACSYPPA
O3 A A : .00 **x* nfvPPA<IVPPA
At 5.84 (.26)
svPPA! 5.75 (.59)
[vPPA? 5.51 (.39) nfvPPACSVPPA
sk A ; .026% nfvPPA<IVPPA
nfvPPA 4.04 (.39) nfyPPA<A A} T
A 5.10 (.27)
Atst A% BHFE /e F4E 2§ 59 A e a9 AYdA 2 sk 34
BT yHES AN 42 A9d

lsyPPA=semantic variant of PPA; 2lvPPA=logopenic variant of PPA; °nfvPPA=non—

fluent/agrammatic of variant PPA

#p<.05, #+xp<.001

- 31 -



3.3.2. F& E I}A T

aursl M3 2 (Generalized Linear Model, GLM)2 %3] Aw Hz A,
A w8 de, FAVE 28 SRl AE IS (F 16) 2 AASA T svPPA
IVPPA %, nfvPPA &, A4+ 25 Fogt sAAT7E A skt

<4 Q Z A5t ddksl A& 23 (Generalized Linear
Model, GLM) & &3 +4& 2 SR v E9EE 17). svPPA
IVPPA 7%, nfvPPA 1, A4 BFoA F2sk 2ol & Holx] gttt

-32 -



svPPA! lvPPA? nfvPPA® AT
B P B p B p B p
(SE) (SE) (SE) (SE)
o1 .00 274 .00 725 -02  .082 -00  .337
(.00) (.00) .01) (.00)
A4 02 778 -05  .298 .37 061 08 225
@44 (06) (.05) (.20) .07)
P .01 112 -.01 158 -02 277 -00 587
d4 (.00) (.00) (.02) (01)
a¥
g 0 see 0 gm0 e M0 o5
R 04) (19 o7
A
)3} Refere B Refere B Refere B Refere B
A nce nce nce nce
5 FXo didt dutst Ay 2E8E AASe] A", AYE, nSdF, JAE o F HER
g Ao,

lsyPPA=semantic variant of PPA; 2lvPPA=logopenic variant of PPA; ®nfvPPA=non—
fluent/agrammatic of variant PPA; *NC=normal control

-33-



¥ 17 A< 3E A4 3 25 5 9w
A M (SE) p
. Oy Ay A 5.94 (.28)
svPPA .635
tf st A 5.75 (.27)
. IO Ay IhA 5.44 (.19)
IVPPA* . 792
tf sk A 5.51 (.20)
¥ v A 3.81 (.59)
nfvPPA 787
tf sk A 4.04 (.62)
a9 A A 5.84 (.29)
CER 058
st A 5.10 (.25)
dntst Ay EIEE JNreR FHHE e £5Y HAY BTk svPPAT, IVPPAY,

lsyPPA=semantic variant of PPA; 2lvPPA=logopenic variant of PPA; °nfvPPA=non—

fluent/agrammatic of variant PPA

=34 -



3.4. CIU
3.4.1. Al & A

W3l A3 2 (Generalized Linear Model, GLM) < %3] ¥4 H=E ¥
A, wSdF, Feko]l CIU o mAE 9FS (B 18)= AAesith. 13 AY
HA A Fos AAATTE FHHA e Hbdel],  svPPA 7 (p<.001),
IVPPA T (p<.001), nfvPPA +(p<.001) E5F AR TE Sokch st dA|elA
dAgol =275 (p=.039), uHdF7l F&F5(p=.0100 CIU 7} =3kth ©=9
IVPPA 7 (p=.001), nfvPPA T (p<.001) o] B Htt CIU 7} 2l 8hA Wkt
7y Ao v A= JF QS FAste] ddtsl A3 2 (Generalized Linear
Model, GLM)<S %3 F43% H< 7+ CIU & o33 Zo(® 19). 1¢ A4
A (p<.001) 2 wh3t A (p<.001) EF nfvPPA °] svPPA , IvPPA i,
AR CIU 7F A om, IvPPA o] ZAwrt fostAl At vEe] I1¥
A A A svPPA o] AT R T F it

- 35 -



X 18. A E CIU o w|X&= 9

% A ZA o3} A
B8 (SE) p B8 (SE) p
S| .00 (.00) .896 .00 (.00) .039x
34 (F43) —.00 (.03) .983 .02 (.03) 430
WEAF —.00 (.00) 914 —-.01 (.00) .010%
svPPA! -.29 (.05) <.001 #*x -.06 (.05) 194
IVPPA? —-.19 (.04) <.001 5% —-.12 (.04) .001*x
nfvPPA® —.44 (.05) <.001#%% —-.26 (.04) <.001 %*x
gt Reference - Reference -

Cluel sk dwkst M3 2ys HAAlste] A9, 48, uS5dsT, PPA ofg & o5 HT=E
lsvPPA=semantic variant of PPA; 2lvPPA=logopenic variant of PPA; °nfvPPA=non—
fluent/agrammatic of variant PPA

#p<.05, #+xp<.001

- 36 -



¥ 19. 3A 8 A 3k CIU v
& ost—hoc
Rl a M (SE) D Post—h
svPPA! .52 (.05) nfvPPA<svPPA
[vPPA? .63 (.03) nfvPPALIVPPA
2] /guﬂ 3 . X%AL-E
1 = o ‘]’]'Xﬂ I’lfVPPAd 37 (04) < 001*** anPPA< PoRils]
svPPA<KH A+
CXE 81 (.02) IVPPA<Y 4+
1
SVPPA 83 (04) HfVPPA<SVPPA
IvPPA? .77 (.03) fvPPA<IVPPA
o3l oA <001##s ¥ M
nfvPPA® 63 (.04) nfvPPA<H gt
9d 90 (.02) WPPAHAE
dutsl A48 Bys e R F4 CIU9 HA#y ZFex. 13 AyidAs FWHFS
Al e el oish BAE WEAFE TUFOR ALEH A9,

lsyPPA=semantic variant of PPA; °lvPPA=logopenic variant of PPA; ®nfvPPA=non—

fluent/agrammatic of variant PPA

#xxp<.001

-37-



3.4.2. F< E A T

Adul3l A3 R (Generalized Linear Model, GLM) S Ea Ao ¥z oA,
A, w3, AV CIU of vl 932 (R 2002 ARSI svPPA 7 (p=.048),
IVPPA (p=.037)2 o] =243 nfvPPA & a5dF7F $S54= (p<.001)
FolstAl Favh whdel, BT Fogk 3 FAAFE FAEA T " AT
HA7F 3t A Bk svPPA + (p<.001), IVPPA +#(p=.003), nfvPPA +(p<.001),
A4 (p=.007) EF FostAl ekt

ZF Ao nXE A Q90S FAe Uvtslt A3 ® ¥ (Generalized Linear
Model, GLM) & %3 43 A 3+ CIU & v Zuh(E 21). 18 A9 A7}
s} A R} stPA T (p<.001), IvPPA *(p=.004), nfvPPA < (p<.001),
74 (p=.008) EF FostA sttt
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4]

¥ 20. A H CIU o] A& 4F

sVPPA! IVPPA® nfvPPA® g
B p B p B p B p

(SE) (SE) (SE) (SE)
A= .00 .048 .00 .037 —.00 .867 —.00 457

(.00) * (.00) * (.00) (.00)
4, -.07 .268 —.06 234 .09 213 .01 b74
944 (06) (.05) .07) (.02)
S —.00 .608 .00 .289 —-.03 <.001 —.00 .286
| (L00) (.00) (.00) ok (.00)
A=
o -.29 <.001 —-.15 .003 —.27 <.001 —.07 .007
A (.05) *k% (.05) * .07) *kk (.02) *k
3} Refere Refere Refere Refere
A nce - nce - nce - nce -

CIUe| st dxtst A3 mIPS At A", 4, z5d5, AAE oF HFE 92
lsyPPA=semantic variant of PPA; “lvPPA=logopenic variant of PPA; ®nfvPPA=non—
fluent/agrammatic of variant PPA

*p<.05, #*p<.01, **xp<.001
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¥ 21. A< & #A 2+ CIU Hlw

I M (SE) p
) a9 A T4 52 (.04)
svPPA <001 *%*x
o s} A .81 (.04)
) ad A A .63 (.03)
IvPPA - .004*x
sk 2HA) .78 (.03)
, ¥ v A .37 (.05)
nfvPPA - <.001 #*x*
tf sk A .65 (.05)
a9 A A .81 (.01)
R\ . 008+
o s} #}hA .89 (.01)

S JHte . F4E CIUY Ho3 ¥5 93k svPPAT Y IVPPATS 32,
H5Es SRFOR ARRE W), 4TS IHFS AHEskA o2 Add.

lsyPPA=semantic variant of PPA; ZlvPPA=logopenic variant of PPA; °nfvPPA=non—

fluent/agrammatic of variant PPA

##p<,01, *xxxp<.001
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webd = B ook WS oAl whE whdol, AlRh A9a 22
H|do14] FHrbe Aol E W fr&otrtal $th% Benson figure copy (F-5
NE B3 AIE Aol wE AFIE Tes &AM ¥, WPPAT P nfvPPAT S
AstE QoY syPPATS 93 o} ol YEpgTES o] lvPPAT ¥
nfvPPA 0] syPPAT R T A&7t 7]50] AstEd5S ov] sttt

At oz vF3Ee F% (nfvPPA) # §33 3 (svPPA, IvPPA) 9] WHHE
To Ao wEF o, svPPAT I IVPPAT 7F Bl AE A @ AyE
Husth 2 B AgeA %, nfyPPATOl BE #AS wileA  §2)EtA
FEYo] wgtorm w3 fF¥gle]l Fe Rtk B3 IvPPAV O] svPPATETH
AQHEF7Y Y8 Egddx B sta, 19 AW A TE WA Fago]
sokth ol AZHA Al vt a9 AW HAl Fe] 9lol T8 s s,
A Ae 4o R 18] WPPATE] FaY A5t TheA S AT

T #BPoR, g9 AW A= dd FARG ov] 7]9 (semantic
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=~ 4, ol
(e}
o,
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1o
o

rl

memory) o 3t JEEVF Fuh ol ™A AAFHE w@ol Jujgl AME9
olgg 7ldsta sl mAdoF 37| wiFolths on] 7ol s, A, wHoll]
oju] T AWrAA AAE A QAEShE THSCE, Y2 gl ZAATE
JRO Hoske Ee TR AAA HAS EFeEs ojgjst ow 7o
svPPATo] o +3 (vPPAT, nfvPPAT) 3 vlmale] Adizdos Astw gl
svPPAT 9] oju] 7]9ef] AgH A2 e] &4k ©o] QIES] oy Fo R E%H—Etﬂ
ol gu 7199 5, AF 34 WAUS] A ow FAFM veld 4
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SRS HEe W B S59 7xe o] vt Ady, % %é o A OM

Mg gl PAe] Fadh g s ZAo® mHth IE A3 Iy AW FA oA

AHE 2] o5& FEd] wekA Zekal, ANbAQl Aol ofEgS HQITET Wk,

IWWPPAT ¥ nfvPPAT EF |4 AbEel olglseo]l oy 9w 7]9]& HlwF

HEH = Holth, I8y IvPPATS ol g we o3 —-2w] 9 Jig Az s}
S|

AHAE golo] &Aoo g ou|EA £AFS Ho|Z|E ST nfyPPATY &4 A&
ol oulA o] opd® wlwW A EA¥ weo] nfFAdoR Qs YeRdth
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ol FHubto AT 9 AW ASFHY FHEHT B Ao Ay a9 dY
HA AN CIUE AQlst WA (Lsld 5445, e %, 25 %) A svPPA7E
IWPPARTH =2 F38S Hth o= on] 7]9e] A3HE Holi: svPPATO]
g4 Adsta ke ©olE JAEF ojE e UXRE wsl ol dEE=
Hwd HEHE Aoz Mgt wa 738 Ay Ada ou] 7o) A]ZHE
A not AbEe & JFS v A& FoE Hl)
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AWA AFozE, I3 AW A
1= (lexical retrieval) Ao W

EAE7] woltks i3 AT o3 <l
ool Fo] Y2 Holr} o]yt 5o R Q3

=
T
gotet=dl o §old FAR FHIE SIS ofF AE:2 HEI dojEs
Z1ostal Abgsle sE e gnlet, st A oS (svPPAT, IvPPAT) o] v
At dok. 7 FES A wEt o]Fh] o] Aoldtth. svPPPAT S tiH
olgt7IRt £AS Kol dhdel IvPPATS Adsbda oid olgdy] & o
&4 HAh? Adsake] olFdl7l= AIZHE Az (¥ 7E Ye MHE o
Ao} AR ol o) tixA oz, thH o|Fr]e AlAE AE7F EA 6k
¥ A A9l w52 Astolth, = svPPATS 13 A 3A|7F ti3t dhA| B
e g s B oz oFFrh B A svPPATS e ST vt 17
Av BAZE st BARG Sk, ol gid ol&ul7] 9 of# o] ulFEAE W
Aoz ey Z1oF nArh
uebx 9 AT ARl Q== Ao Aok Al 7R IAIA g #A o] 2zt

ofgel FTFE VIR For sMEnt. Al THA FoAME AAZE Ao BFo]

S AoR HAY o= AXZAA AErt AstE IvPPATOl AQ AF7F M
Eool% svPPAT R Wl @ w3 S5 2S5 SEAA FaHo] w7y
ulZolty, T3 IvPPAT©] svPPATHU CIU F3ZHo] £ Zloz Hol 2w
71998 wETo| dFde nwz AHAA Fe o yehdth tEo] IvPPAT I

sVPPATS] Ao wWE o]2u)7] &9 Aoldt e g AW Az o3
HA R o H {Fogk Afol7p HEE Age Z1low Bt

AT A7 A AR, 2RA4 24 SHdA e £27F PPA Al
3 15 ®Ql FY3 A EATE PPA o8 F nfvPPATS BRE ZEEZF
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Whgl Lo wkd Eo] A 7 %0 st 2pol 7t vrEb-S Ao
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ek ROC =4 242 At 1 A3 svPPATS 3.15691%, IvPPAT
o]
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3.156%F 1.241 Ato], nfvPPAT-E 1.241 mvko & elyt o o]z s PPA A 0}64
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ABSTRACT

Suprasegmental features in primary progressive aphasia

Primary Progressive Aphasia (PPA), a neurodegenerative disease characterized by language
dominance, exhibits unique linguistic features depending on its subtype. When attempting to
distinguish between PPA subtypes in clinical settings through language tasks, it is crucial to utilize
the most informative tasks. In spontaneous speech, suprasegmental features can help differentiate
the characteristics of language disorders and reveal distinct differences based on the underlying
disease.

In this study, suprasegmental features of spontaneous speech (picture description task,
conversation task) from a total of 38 PPA patients (svPPA: 9, IVPPA: 19, nfvPPA: 10) and 32
controls were analyzed. The variables measured were the number of syllables per utterance, speech
rate, and articulation rate.

The most significant finding of this study is that the only variable showing differences among the
three PPA subtypes was the 'speech rate' of 'picture description task.' The picture description task
better reveals the linguistic characteristics of PPA compared to the conversation task. Furthermore,
'speech rate," which includes dysfluency and pauses, is a useful indicator for distinguishing PPA
subtypes.

In the ROC analysis conducted to verify the diagnostic accuracy of speech rate of the picture
description task, the differentiation between the svPPA-nfvPPA groups and the IVPPA-nfvPPA
groups was excellent with over 95% accuracy, while the differentiation between the svPPA-IVPPA
groups was good with over 75% accuracy. The cut-off points were set at 3.156 or higher for the
svPPA group, between 3.156 and 1.241 for the IvPPA group, and less than 1.241 for the nfvPPA
group. This study highlights the utility of specific tasks and indicators in the differential diagnosis
of PPA subtypes and provides significant cut-off points for speech rate.

Key words: Primary progressive aphasia, Suprasegmental features, Picture description task, Speech
rate, ROC curve analysis
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