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Table 1. Linguistic features of PPA types

Type of IVPPA SVPPA nfvPPA
PPA
impaired single-word impaired confrontation
retrieval in spontaneous naming Agrammatism
speech and naming impaired single-word effortful, halting
_ impaired repetition of comprehension speech

impatred sentences and phrases impaired object knowledge, inconsistent speech
speech(phonologic) errors particularly for low- sound errors and
iI’FI) S ontgneous S@J eech and frequency or low-familiarity distortions (AOS)
nampin P items; use of simple

J language

spared single-word _
comprehension and object spared single-word
knowledge spared repetition comprehension

Spared spared motor speech spared speech production spared object

absence of frank
agrammatism

semantic paraphasia

knowledge

Abbreviations: PPA, primary progressive aphasia; IVPPA, logopenic variant PPA; svPPA, semantic variant PPA; nfvPPA,

non-fluent/agrammatic variant PPA; PPA, primary progressive aphasia; AOS, apraxia of speech
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Table 2. Research on repetition deficits in primary progressive aphasia

Authors Year Title

Leyton et al. 2014 Verbal repetition in primary progressive aphasia and Alzheimer’s disease
Hohlbaum et al. 2018 Sentence repetition deflcns_ in t_he logopenic variant of PPA: linguistic analysis of

longitudinal and cross-sectional data

Profiling sentence repetition deficits in primary progressive aphasias and Alzheimer’s
Beales et al. 2019 X ] L L
disease: Error patterns and association with digit span
Luckic et al. 2019 Neurocognitive basis of repetition deficits in primary progressive aphasia
Cousins et al. 2021 Longitudinal naming and repetition relate to AD pathology_and burden in autopsy-
confirmed primary progressive aphasia

Macoir et al. 2021 Heterogeneity of repetition abilities in logopenic variant primary progressive aphasia
Foxe et al 2021 Verbal short-term memory dlstl_th?anc_e in Fhe primary progressive aphasias: challenges

and distinctions in a clinical setting
Miller er al. 2021 Neural substrates of verbal repetition deficits in primary progressive aphasia
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Table 3. Classification of PPA types

Logopenic
variant PPA

Both of the following core features must be present
1. Impaired single-word retrieval in spontaneous speech and naming
2. Impaired repetition of sentences and phrases
At least 3 of the following other features must be present
1. Speech(phonologic) errors in spontaneous speech and naming
2. Spared single-word comprehension and object knowledge
3. Spared motor speech
4. Absence of frank agrammatism

Semantic variant
PPA

Both of the following core features must be present
1. Impaired confrontation naming
2. Impaired single-word comprehension
At least 3 of the following other diagnostic features must be present
1. Impaired object knowledge, particularly for low-frequency or low-familiarity items
2. Surface dyslexia or dysgraphia
3. Spared repetition
4. Spared speech production (grammar and motor speech)

Non-fluent,
agrammatic
variant PPA

At least one of following core features must be present

1. Agrammatism in language production

2. Effortful, halting speech with inconsistent speech sound errors and distortions (apraxia of speech)
At least 2 of 3 of the following other features must be present

1. Impaired comprehension of syntactically complex

2. Spared single-word comprehension

3. Spared object knowledge

16
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Table 4. Criteria for classifying error types in phrase and sentence repetition

Example
Types of error
Target Response
Omission 715 #o] E b A5 Zpo] EATH
Phoneme Addition A5 Zo] ESt Ae Frol &30
Substitution kel R&5-& v7F 20 Wl RER & vj7E 20
Omission Ty =2 T Fofl ¥kl L gy =2 a9 F "9eiAl
/\UmJ« = uﬂztﬂo 2 E ol 5 =} W= o
Syllable Addition %éyﬂ] LL ] *Ej;éiijg; AV ]
Substitution a7 HE 29 gkt a7 52 29 2ok
¢-2] 7SS o =
O e g2 745w w7t ehe
Transposition -2 7FSS Wt e $-2] 7HEE e ot
= 7] & vt <9 =] 7] & npghe
A o] o] o -
Not performed T o) 5o o P

Lsyntactic unit in Korean comprised of word or sequence of words that are distinguished by spaces
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. A+ 23
1. PPA o}8 7t 184 A1 v
IVPPAR &, svPPAR &, nfvPPAR 9] 91-F8ha A w = 7+7 tf3-3) 2
UH(Table 5). B3t 8L 7427} 70.2+8.94), 70.3+6.64, 71.4+7.241 2 At 7b
2ol 7F A 02 FrolakA] ekt WA HlES 247 48.6%, 70.6%, 55.6% =
Hek 2F 2pol 7} FolakA] vt Wt WS Ag= 242 12.544.6d, 12.844.8
, 10.5+4.9d 0= Yt 3t 2po] 7} o) 8hA] okt v MMSE+= 247} 23.5+
5.77,17.848.47, 20.845.47 0.2 At 7F 2}o] 7} §-2 @ th(p=0.012). o] o] u}
g} 7 ek 7ke] MMSE zteol & vlargt 27}, [vPPA FHwke] MMSEZ} svPPA 3
ol v]3)] SAA R FolshAl =k th(p=0.012). H CDR-SOB+ 2H2f 2.2+
1.8%, 5.4+4.4%, 3.3£1.98 22 At 1t 2|7} #9 th(p=0.001). ]l e}

A& 2+ CDR-SOB #fol & Hlagk 23} [vPPA el CDR-SOB7} svPPA

—r

Ao vj8] 24z FAAH SR F-28k A =3 ch(p=0.001). H+ AQE 2+t 84.13

o

+15.94, 59.8+21.74, 65.2+19.28 o2 Ht 7+ 2ol7} H9 & tHp<0.001).
olo] wel F FAuk 7+ AQ #olE H|uwek A3} [vVPPAR TS AQ7F svPPAS}

nfvPPAR &l vl 3] 723t A 353k tH(p<0.001)
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Table 5. Demographic comparison of study participants

Demographic factor Total IVPPA svPPA nfvPPA P value
Number 70 35 17 18

Age, year 70.5 (7.2) 70.2 (8.9) 70.3 (6.6) 71.4 (7.2) 0.872
Sex, male 39 (55.7) 17 (48.6) 12 (70.6) 10 (55.6) 0.325
Education, year 12.1 (4.8) 12.5 (4.6) 12.8 (4.8) 10.5 (4.9) 0.268
MMSE 21.4 (6.7) 235(5.7) 17.8 (8.4) 20.8 (5.4) 0.012
CDR-SOB 3.3(2.9) 2.2(1.8)" 5.4 (4.4) 1 3.3(1.9) 0.001

AQ 73.5 (21.2) 84.3 (15.9) * 59.8 (21.7) 65.2 (19.2) ¢ <0.001

Data are expressed as mean (standard deviation) or number (%) as appropriate. P values are results of analysis of variance
or chi-square test. Abbreviations: AQ, aphasia quotient; IVPPA, logopenic variant PPA; svPPA, semantic variant PPA,
nfvPPA, non-fluent/agrammatic variant PPA; PPA, primary progressive aphasia; MMSE, mini mental state examination;
CDR-SOB, clinical dementia rating-sum of boxes.

Significantly different in comparison between IVPPA and svPPA.

iSignificantly different in comparison between IvPPA and nfvPPA.
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(Table 6). ¥ro] we}d3al7] H A= 242 7.97+20174, 7.62+10.537%, 7.83
+0.78 o2 Ak 7k Zol7t FAH R FolshA] ot - meheelr] Ht

4= 271 76.89£21.104, 63.47£28.83%, 69.28+23.827 0.2 1 ¢k 7} 2}o]

Table 6. Comparison of repetition scores between the three types of primary progressive

aphasia
Repetition score IVPPA SvPPA nfvPPA P value
Word score 7.97(0.17) 7.82(0.53) 7.83(0.71) 0.428
Phrase and

76.89(21.10)  63.47(28.83)  69.28(23.82) 0.153
sentence score

Data are mean and standard error of repetition scores based on analysis of variance.
Abbreviations: IVPPA, logopenic variant PPA; svPPA, semantic variant PPA; nfvPPA,
non-fluent/agrammatic variant PPA; PPA, primary progressive aphasia

}

T3 B wene] 44E E

b
(e

Aut 1Y 23

ol

]

o

2k
A3 (Table 7), IvPPA Fete] 4+ 2 &% wpepsl7] H 4= svPPA F TH(p=0.006)

of B3 13.57(4.79) 3, nfvPPA F ¥H(p=0.005)°l B]&f 12.99(4.43)5 & A2
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Z FAEAT £33 AQ 9 3 Al 1.10(0.10) 0.2 -2l akA &4 upah s}
o2 FAHJHpP<0.001). o] wehdalr] H el A
= IVPPA f ol B]8 svPPA Y nfvPPA d ol A tho] whabdalr] d4=2] 9

& Aol % Ko7 ehokil, AQ ) G 94 frolahH ekt

Table 7. Effects of demographic factors and PPA type on repetition scores

Demographic

Word score P value Sentence score P value
factor
Age, year -0.01(0.01) 0.200 -0.14(0.22) 0.535
Sex, male 0.16(0.11) 0.159 -0.29(3.53) 0.936
Education, year 0.01(0.01) 0.399 -0.27(0.37) 0.465
PPA type 0.951 0.005
IVPPA Reference Reference
SVPPA -0.05(0.15) 0.752 13.57(4.79) 0.006
nfvPPA -0.02(0.14) 0.869 12.99(4.43) 0.005
AQ 0.01(0.00) 0.076 1.10(0.10) <0.001

Data are results of general linear model for repetition scores using age, male sex, education,
AQ and PPA type as predictors. Abbreviations: AQ, aphasia quotient; IVPPA, logopenic
variant PPA,; svPPA, semantic variant PPA; nfvPPA, non-fluent/agrammatic variant PPA;

PPA, primary progressive aphasia
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, svVPPAR©2 7.86+0.12%

nfvPPAR TS 7.894+0.114 02 Ao, A A 7F 593

o}y 14

14
R~
AL
e
ol

ol
~

)

A4 Ftghe] A4S svPPA A& 78.62+3.7 A,
IvPPA & 65.05+2.6 A, nfvPPA I 78.04+£3.4 Ao 2 FAHUTH

(p=0.005). A5~ A< &3l At 3 Aol & 2Q1E 23}, vPPA ko] &7 wh

Skt svPPA 9F nfvPPA F&t Abolol = 2| 3k Afo] & K.o]#] g3ttt

Table 8. Comparison of repetition scores between the three types of primary progressive

aphasia
Repetition score IVPPA svPPA nfvPPA P value
Word score 7.91(0.08) 7.86(0.12) 7.89(0.11) 0.951
Phrase and

65.05(2.56) " 78.62(3.70)"  78.04(3.40)* 0.005
sentence score

Data are estimated mean and standard error of repetition scores based on general linear
models for repetition scores using age, sex, education, and aphasia quotient as covariates.
Abbreviations: IVPPA, logopenic variant PPA; svPPA, semantic variant PPA; nfvPPA,

non-fluent/agrammatic variant PPA; PPA, primary progressive aphasia
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fSignificantly different in comparison between IVPPA and svPPA.
tSignificantly different in comparison between IVPPA and nfvPPA.

7t Q] Bt vpol, A, W A5 Y AQE Agate] Yk AY RS E3)
FA45 obgd wepdsly] Ao thed ZtH(Table 8). wol wepdalr] 4
F%ke] 4% IWVPPAR &L 7.91£0.08%, svPPAH @2 7.86+0.127%, nfvPPA

P2 7.8910.114 0.2 4= Ao, Al fek 3+ 723 2po] & HolA| k.

oty i webdsly] "4 Huwkel A svPPAR TS 78.62+3.74,
IWPPAR S 65.05+2.6%, nfvPPAREL78.04+3.48 0% FAHEAT
(p=0.005). A} AAS Fal J 1 zfol& &1t A, IvPPAR W] &7 w
g}2sl7] A7 svPPA(p=0.006), nfvPPA (p=0.005) A ¢ Rt} z}2} §-2] 517

SEOkTh svPPAS} nfvPPA & Abololl = 2] 3k Afo] & Kol A ettt
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Figure 1. Comparison of repetition scores between the three types of primary progressive aphasia. Abbreviations:
IVPPA, logopenic variant PPA; svPPA, semantic variant PPA; nfvPPA, non-fluent/agrammatic fluent PPA

*p<.05, **p<0.01.

29



s

4
ojn

op

3} Zt}(Table 9).

ohe

A=

=

I svPPAY nfvPPA %] &l

b, IvPPA R eto] H]s

3

0.001), o]<le] #2)gk 3

G 3 AASTE -1.0620.330.2 F=AHH QoM (p

I svPPAY nfvPPA o]

9

1, IvPPA Fwhe] B

S

o

30



Table 9. Effects of demographic factors and PPA type on phoneme errors

Demographic

PO Error P value PA Error P Value PS Error P value
factor
Age, year -0.04(0.04) 0.227 0.00(0.04) 0.863 0.02(0.02) 0.305
Sex, male -0.84(0.52) 0.106 0.306 0.655 -1.06(0.33) 0.001
Education, year ~ -0.08(0.05) 0.108 -0.06(0.07) 0.438 -0.05(0.03) 0.075
PPA type 0.455 0.746 0.295
IVPPA Reference Reference Reference
SvPPA 0.59(0.69) 0.394 -0.49(0.94) 0.600 0.40(0.39) 0.305
nfvPPA 0.76(0.61) 0.213 -0.06(0.86) 0.482 0.53(0.35) 0.126
AQ -0.01(0.01) 0.308 -0.00(0.02) 0.873 -0.01(0.01) 0.269

Data are results of generalized linear model for phoneme errors using age, male sex, education, AQ and PPA type as
predictors. Abbreviations: PO error, phoneme omission error; PA error, phoneme addition error; PS error, phoneme
substitution error; AQ, aphasia quotient; IvPPA, logopenic variant PPA; svPPA, semantic variant PPA; nfvPPA, non-

fluent/agrammatic variant PPA; PPA, primary progressive aphasia
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ZtH(Table 10). &4 A=F 07 W% FH 32 IVPPAH T2 0.1410.06, svPPA

Ak 0.25%£0.13, nfvPPARF T2 0.2910.130.2 FA = o™, Al A 7F

S HIF O F T FA HAzke [vPPAR WS 0.17+£0.08, svPPAR &

0.11£0.08, nfvPPAR ©2 0.09£0.06 2.2 YEpREo W Al ok 1+ 9] g xfo

_

£ wolX gt

S K] OF HE FA HAzke [vPPAR WS 0.47+0.12, svPPAR W&

o~

0.71£0.21, nfvPPAF @2 0.80+0.2101™, Al ek 7+ 723k x}o] = HoA] &

A tHp=0.476).

Table 10. Comparison of phoneme errors between the three types of primary progressive

aphasia
Mean(sd)
Type of error IVPPA SVPPA nfvPPA P Value
PO error 0.14(0.06) 0.25(0.13) 0.29(0.13) 0.455
PA error 0.17(0.08) 0.11(0.08) 0.09(0.06) 0.746
PS error 0.47(0.12) 0.71(0.21) 0.80(0.21) 0.295

Data are estimated mean and standard error of syntactic errors based on generalized linear
models for repetition scores using age, sex, education, and aphasia quotient as covariates.

Abbreviations: Po error, phoneme omission error; PA error, phoneme addition error; PS
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error, phoneme substitution error; IVPPA, logopenic variant PPA; svPPA, semantic variant

PPA; nfvPPA, non-fluent/agrammatic variant PPA; PPA, primary progressive aphasia

[e) =] [e) 2~ = =] = S o iy:
A O 74 5] LRES TH VTR st ditst Y RIS A

W Ans tg3 Zri(Table 11). &4 A2 o F

=
H
il
o\
dp>
g
¥
il
_O‘L
rlr
me
8=

3 MY mEgs AvE A, A"l 39 AlgE -0.03+£0.012 FHEHAL

(p=0.010), FA 2l 37 A4 -0.77£0.200.2 FH Q2 (p<0.001), W5
A9 3 AAFE 0.04£0.022 F4 5 AHp=0.046). T3 AQS] 34 A5+
-0.03£0.002.2 FAHHATHP<0.00D)ol= A, 4, u5 A5, AQe d o]
froge om @t syPPAS] 819 A5 -0.39+0.372 F4 ¥ 21 3L(p=0.288),

nfvPPAY] 3A A+ 1.484+0.260. 2 FA 5 AHp<0.001). o] A3} IvPPA

Ate] B &) nfvPPAR TS 257 "% 7} =88 on] g},
SHA A LHFNEE T4 HEE ol dvtsl A3 w8 S Anl Ay}

FA o] g AAGE -0.89£0.362.2 FHHAHp=0.012). ©]&]<] F2lg 37
A= FA4HA ¥dt. svPPASl 34 A== -0.8610.60% F4 &AL

(p=0.146), nfvPPA2] 3 ¥ A4 0.684+0.34% Z=A A TtHp=0.048). o] A1}

= lvPPAZ woll H] 3l nfvPPAR 9] 0 F W% 7} =88 ojn|slit},
SHA YA SF{F HIEE F5 HSFER ol dukst A8 288 Ay Ay}
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G 9] A Al -0.59120.222 FAHEHJA S (p=0.007), 2S5 A52] 3]+ A

= -0.05+£0.0282 FH = AHp=0.014). svPPA2] 3]+ A5+ 0.65£0.29=%

al

4¥31aL(p=0.024), nfvPPAS] 3|7 A= 0.571£0.27= FAHHJH

o

(p=0.036). o] 23}+= IvPPAR ol H] &l svPPAS} nfvPPAH T @ F HI%E7} =

&g oJm .
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Table 11. Effects of demographic factors and PPA type on syllable errors

Demographic

SO error P value SA error P Value SS error P value
factor

Age, year -0.03(0.01) 0.010 0.03(0.02) 0.233 -0.03(0.01) 0.067
Sex, male -0.77(0.20) <0.001 -0.89(0.36) 0.012 -0.59(0.22) 0.007
Education, year  0.04(0.02) 0.046 -0.03(0.03) 0.319 -0.05(0.02) 0.014
PPA type <0.001 0.007 0.047

IVPPA Reference Reference Reference
SVPPA -0.39(0.37) 0.288 -0.86(0.60) 0.146 0.65(0.29) 0.024
nfvPPA 1.48(0.26) <0.001 0.68(0.34) 0.048 0.57(0.27) 0.036
AQ -0.03(0.00) <0.001 -0.025(0.00) 0.000 -0.00(0.01) 0.487

Data are results of generalized linear model for syllable errors using age, male sex, education, AQ and PPA type as predictors.
Abbreviations: SO error, syllable omission error; SA error, syllable addition error; SS error, syllable substitution error; AQ,
aphasia quotient; IVPPA, logopenic variant PPA; svPPA, semantic variant PPA; nfvPPA, non-fluent/agrammatic variant

PPA; PPA, primary progressive aphasia
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ZtH(Table 12). &2 Al

1

% 33k WWPPAR @& 0.74£0.16, svPPAR &
<2 0.5010.15, nfvPPAR &2 3.24£0.48=2 FA o, Al Hetk 1+ {4
o1& HYTHP<0.001). AFH AL F3l F A 1k 2o & Held A3, nivPPA

kel 34 A=k 0 F ¥%7F IVPPA(p<0.001), svPPA(p<0.00D) ek v} 242}

oA A7} O F W% FHEke IvPPAR WL 0.44+0.12, svPPAR T2 0.19

+0.10, nfvPPAF EE 0.87+0.222 FA A Hp=0.007). At=AA S =3

I

At 7k 2ol & F13sk A3} nfvPPAR TS Q5 WIE7}F svPPA(p=0.003) F 1.

S x5 oF WE H7kS VPPAF TS 0.90+0.17, svPPAR TS 1.71

+0.35, nfvyPPAF TS 1.584+0.302.2 FAHYHp=0.047). ATAAL &

ol
==

T A 7 xpo] & gelsk A3, syPPAR W] 9 F WX 7} IvPPA(p=0.041) A ¢
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Table 12. Comparison of syllable errors between the three types of primary progressive
aphasia

Mean(sd)

Type of error IVPPA SVPPA nfvPPA P Value
SO error 0.74(0.16) 0.50(0.15) * 3.24(0.48) ™ <0.001
SA error 0.44(0.12) 0.19(0.10) } 0.87(0.22) ¢ 0.007
SS error 0.90(0.17)* 1.71(0.35)° 1.58(0.30) 0.047

Data are estimated mean and standard error of syllable errors based on generalized linear
models for syllable errors using age, sex, education, and aphasia quotient as covariates.
Abbreviations: SO error, syllable omission error; SA error, syllable addition error; SS error,
syllable substitution error; IVPPA, logopenic variant PPA; svPPA, semantic variant PPA,
nfvPPA, non-fluent/agrammatic variant PPA; PPA, primary progressive aphasia
fSignificantly different in comparison between nfvPPA and IVPPA

tSignificantly different in comparison between nfvPPA and svPPA.

“Significantly different in comparison between svPPA and IvPPA.

o L F MNES T4 WAE oh AwE 4Y 2P 4B v 0o 2
tH(Table 13). o} AT 07 MEES F4 W5 sh ksl 18 232 )
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Table 13. Effects of demographic factors and PPA type on eojeol errors

Demographic factor EO error P value ETP error P value
Age, year 0.04(0.01) <0.001 -0.03(0.04) 0.425
Sex, male -0.04(0.14) 0.799 -0.86(0.58) 0.140

Education, year -0.01(0.01) 0.437 -0.04(0.04) 0.425

PPA type 0.449 0.227
IVPPA Reference Reference

SVPPA -0.08(0.17) 0.666 0.39(0.90) 0.663

nfvPPA -0.02(0.16) 0.211 1.17(0.70) 0.094

AQ -0.02(0.00) <0.001 0.03(0.02) 0.142

Data are results of generalized linear model for eojeol error using age, male sex, education,
AQ and PPA type as predictors. Abbreviations: EO error, eojeol omission error; ETP error,

eojeol transposition error; AQ, aphasia quotient; IVPPA, logopenic variant PPA; svPPA,
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semantic variant PPA; nfvPPA, non-fluent/agrammatic variant PPA; PPA, primary
progressive aphasia, PPA, primary progressive aphasia

Autst MY 2P B3 FHE obFd oW Aot oF WEe] Paghe
b5 Zth(Table 14). o1& A=F o/ W% F k2 IvPPA H 2 3.39£0.34,
svPPA Hh& 3.144+0.43, nfvPPA & 2.77£0.37 &2 FAHASH, Al

e 2 Fo3 Aols HolA @t oF =X oF HE HEHs

Jo

IVPPA &2 0.11+£0.06, svPPA F2 0.16+0.11, nfvPPA &

0.34+0.16 o2 F4 N 2™ (p=0.047), J & 1t 2l 3F 2Fo] & HolA| ottt

Table 14. Comparison of eojeol errors between the three types of primary progressive

aphasia
Mean(sd)
Type of error IVPPA SVPPA nfvPPA P Value
EO error 3.39(0.34) 3.14(0.43) 2.77(0.37) 0.449
ETP error 0.11(0.06) 0.16(0.11) 0.34(0.16) 0.227

Data are estimated mean and standard error of eojeol errors based on generalized linear
models for eojeol error using age, sex, education, and aphasia quotient as covariates.
Abbreviations: EO error, eojeol omission error; ETP error, eojeol transposition error;
IVPPA, logopenic variant PPA; svPPA, semantic variant PPA; nfvPPA, non-

fluent/agrammatic variant PPA
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T 0 Zoi(Table 15). 9439 37 A4 -0.07+0.0102 F4%low
(p<0.001), A AF=2] 3 AAFE= -0.04£0.022 F4 = A Hp=0.046). svPPA
o] 39 A4E -1.01£0.18 2.2 FA ¥ L(p<0.001), nfvPPAS] 3] AFE -
1.00£0.192 FAHATHp<0.001). °] A= IWPPAF G| H]3] svPPA%}
nfvPPARI S O] 38 E7F O/ W7} uh3-& on| g},

Table 15. Effects of demographic factors and PPA type on not performed errors

Demographic factor NP error P Value
Age, year -0.07(0.01) <0.001
Sex, male -0.27(0.20) 0.184

Education, year -0.04(0.02) 0.046
PPA type <0.001
IVPPA Reference
SVPPA -1.01(0.18) <0.001
nfvPPA -1.00(0.19) <0.001
AQ -0.08(0.00) <0.001

Data are results of generalized linear model for not performed error using age, male sex,

education, AQ and PPA type as predictors. Abbreviations: NP error, not performed error;
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AQ, aphasia quotient; IVPPA, logopenic variant PPA; svPPA, semantic variant PPA;
nfvPPA, non-fluent/agrammatic variant PPA; PPA, primary progressive aphasia

dutst Ay RES Sall F4E ol 3 2 oF W= "2 o
&7 #HTable 16). IWPPAR T2 1.16£0.22, svPPAR T2 0.4210.10,
nfvPPAF &2 0.4310.092 FA 521 (p<0.001), Al It 7+ Fol st 2pol &
Bt AAZAA LS B F Aok 7k 2po] 2 &9l A3} [vPPAR W] =3 B}

F X7} svPPA(p<0.001), nfvPPAR ©H(P<0.001) K.t} Z+7} 5981 A =9ttt

to

Table 16. Comparison of not performed error between the three types of primary

progressive aphasia

Mean(sd)
Type of error IVPPA SVPPA nfvPPA P Value
NP error 1.16(0.22) 042(0.10)"  043(0.09)  <0.001

Data are estimated mean and standard error of unclassified errors based on generalized
linear models for unclassified errors using age, sex, education, and aphasia quotient as
covariates. Abbreviations: NP error, not performed error; IvPPA, logopenic variant PPA;
SsVPPA, semantic variant PPA; nfvPPA, non-fluent/agrammatic variant PPA; PPA, primary
progressive aphasia

Significantly different in comparison between IVPPA and svPPA

iSignificantly different in comparison between IVPPA and nfvPPA.
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Mean frequency

BIvPPA msvPPA mnfvPPA

Figure 2. Comparison of estimated repetition error frequency between the three types of primary progressive aphasia.
Abbreviations: IVPPA, logopenic variant PPA; svPPA, semantic variant PPA; nfvPPA, nonfluent/agrammatic variant PPA
*p<.05, **p<.01
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4. PPA o}gH + & 4 whehdsly] F Hikel AojF A 1ke] Ak vl
Table 17. Correlation of repetition errors with aphasia quotient.
Type of error Correlation coefficient (Significance level)
Total IVPPA SVPPA nfvPPA

PO error -0.25(0.04) f -0.22(0.21) -0.01(0.96) -0.32(0.20)
PA error -0.04(0.73) -0.05(0.78) -0.34(0.19) 0.00(1.00)
PS error -0.27(0.02) f -0.31(0.08) -0.33(0.20) 0.01(0.97)
SO error -0.39(0.00) * -0.21(0.24) -0.31(0.22) -0.76(0.00) *
SA error -0.22(0.07) -0.28(0.10) -0.31(0.23) -0.32(0.20)
SS error -0.24(0.05) f -0.28(0.10) -0.25(0.33) -0.18(0.47)
EO error -0.44(0.00) * -0.59(0.00) * -0.37(0.14) -0.33(0.18)
ETP error 0.04(0.74) -0.02(0.93) 0.26(0.31) 0.23(0.37)
NP error -0.55(0.00) * -0.50(0.00) * -0.49(0.05) -0.58(0.01) *

Data are results of correlation analysis with spearman correlation coefficient.
Abbreviations: PO error, phoneme omission error; PA error, phoneme addition error; PS
error, phoneme substitution error; SO error, syllable omission error; SA error, syllable
addition error; SS error, syllable substitution error; EO error, eojeol omission error; ETP
error, eojeol transposition error; NP error, not performed error; IVPPA, logopenic variant
PPA; svPPA, semantic variant PPA; nfvPPA, non-fluent/agrammatic variant PPA; PPA,
primary progressive aphasia
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Appendix 1. Items of the repetition subtest of the P.-K-WAB-R

Number Items
: o
2 A
3 chatA
4 vk}l
5 Eol& AHA)
6 A FFo] S0
7 a7k HE = uksk
8 o] Yot nts)
9 A ol 2]
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11 3 el HR2 17t et
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15 22U A 2 WFEol W gl

Abbreviations: P-K-WAB-R, paradise korean western aphasia battery revised.
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Appendix 2. Demographic information of individual subjects

No. Sex Age Education(year) type of PPA AQ
1 Female 77 6 SsvPPA 79.9
2 Male 83 16 SsvPPA 88.4
3 Female 79 12 IVPPA 83.0
4 Male 78 12 IVPPA 92.6
5 Male 57 16 IVPPA 94.4
6 Female 79 18 IVPPA 79.4
7 Male 63 7 IVPPA 81.2
8 Female 76 12 IVPPA 90.9
9 Male 45 16 IVPPA 95.6
10 Male 76 18 IVPPA 92.1
11 Female 76 12 IVPPA 85.4
12 Male 79 9 IVPPA 85.5
13 Female 72 15 IVPPA 98.5
14 Female 76 2 IVPPA 36.9
15 Male 66 12 IVPPA 91.9
16 Male 76 16 IVPPA 87.0
17 Male 73 21 svPPA 82.5
18 Female 69 12 IVPPA 78.5
19 Female 83 18 IVPPA 87.3
20 Female 72 12 IVPPA 88.7
21 Male 67 6 IVPPA 94.6
22 Female 81 18 IVPPA 96.0
23 Male 80 9 IVPPA 85.9
24 Female 63 18 SVPPA 60.7
25 Male 67 5 IVPPA 84.9
26 Male 54 16 IVPPA 96.7
27 Female 62 13 SvPPA 69.3
28 Female 68 6 SVPPA 65.7
29 Male 67 18 SVPPA 24.3
30 Male 61 18 IVPPA 90.8
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77
74
76
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77
68
74
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65
79
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59
78
63
66

75

10
12

14
18
14

18
14
14
18

16
12
18
12
12
16

16

10
16
16

12
14
16

16

IVPPA
SVPPA
IVPPA
IVPPA
IVPPA
IVPPA
IVPPA
IVPPA
SVPPA
SVPPA
IVPPA
IVPPA
IVPPA
SVPPA
SVPPA
IVPPA
nfvPPA
nfvPPA
nfvPPA
nfvPPA
nfvPPA
nfvPPA
nfvPPA
nfvPPA
nfvPPA
nfvPPA
nfvPPA
nfvPPA
nfvPPA
nfvPPA
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svPPA
svPPA

91.1
87.4
54.9
38.1
97.3
89.3
92.0
97.0
28.2
53.9
94.7
45.5
90.7
29.8
90.1
82.5
82.7
83.9
79.0
73.0
89.4
64.6
59.7
76.6
82.1
92.8
53.0
43.3
59.5
54.9
59.2
58.8
64.8



64 Male 71 12 svPPA 45.2

65 Female 74 14 nfvPPA 29.8
66 Male 72 6 SVPPA 38.8
67 Female 70 6 IVPPA 81.1
68 Female 73 0 nfvPPA 63.2
69 Male 70 6 SsvPPA 49.2
70 Female 84 9 nfvPPA 26.7

Abbreviations: PPA, primary progressive aphasia; IVPPA, logopenic variant PPA; svPPA,

semantic variant PPA; nfvPPA, non-fluent/agrammatic variant PPA; AQ, aphasia quotient
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Appendix 3. Repetition socres of individual subjects

Raw Estimated
No. Word Phrase and Sentence Word Phrase and Sentence
1 8 85 7.73 86.59
2 8 87 7.93 92.05
3 8 72 7.80 74.49
4 8 84 8.03 84.86
5 8 88 8.25 88.63
6 8 78 7.81 68.91
7 8 79 8.08 75.81
8 8 89 7.87 83.56
9 8 90 8.36 91.60
10 8 74 8.07 82.95
11 8 70 7.84 77.54
12 8 68 7.96 71.77
13 8 90 7.97 91.61
14 8 18 7.53 27.16
15 8 90 8.13 85.75
16 8 92 8.03 77.91
17 8 92 8.01 85.60
18 8 72 7.87 70.94
19 7 77 7.82 77.01
20 8 88 7.90 81.70
21 8 86 8.11 90.21
22 8 90 7.89 86.81
23 8 74 7.96 78.07
24 8 91 7.81 64.21
25 8 88 8.05 79.86
26 8 88 8.29 91.56
27 8 64 7.84 75.13
28 6 58 7.73 72.28
29 8 52 7.73 23.50
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Appendix 4. Frequency of repetition errors of individual subjects
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Abstract
Comparison of repetition characteristics

among subtypes of primary progressive aphasia

Joo Won Jeong

Graduate Program in Speech and Language Pathology,

Yonsei. University

(Directed by professor Byoung S. Ye)

Introduction: Primary progressive aphasia (PPA) is a neurodegenerative disease
associated with a substantial deterioration of language function even during the beginning
stages of the disease. Identifying the language characteristics is important for diagnosing
the subtype of PPA. Verbal repetition is a complex language function involving working
memory; various cognitive-language mechanisms underlie verbal repetition. The present
research aims to assess the repetition function in patients with various subtypes of PPA and
analyze the differences in their performance.

Methods: 17 patients with semantic variant PPA (svPPA), 18 patients with non-fluent
variant PPA (nfvPPA), and 35 patients with logopenic variant PPA (IvPPA) were enrolled,;
repetition functions in these patients were assessed using the repetition test from PK-WAB-
R. Repetition scores and frequency of errors among the PPA subgroups were obtained using
general linear model and generalized linear model to adjust for demographic factors (e.g.,

age, sex, education, and aphasia quotient (AQ)) and then compared. The correlation

8 3



between repetition errors and AQ for each subtype was evaluated using the Spearman
correlation coefficient test.

Results: The repetition scores for IvPPA group were significantly lower than the other two
groups. The occurrence of phoneme and eojeol errors did not differ among the groups. Not
performed errors were the most frequent in the IVPPA group. Syllable omission and syllable
addition errors were more frequent in nfvPPA group than in the other two groups; syllable
substitution errors were more frequent in the nfvPPA and svPPA groups than in the IVPPA
group. With regard to the relationship between repetition and AQ, eojeol omission and not
performed errors in the IVPPA group and syllable omission and not performed errors in the
nfvPPA group showed statistically significant negative correlations with the AQ. No such
relationships were found in the svPPA group.

Conclusion: Our results reveal considerable differences between the repetition
performances of patients with different subtypes of PPA. The patients in the IvPPA group
showed lowest repetition scores and frequent not performed error due to their decreased
verbal working memory and attention deficit behavior; presumably because of limitations
in grammatical processing, speech motor planning, and subvocal rehearsal, syllable
omission and syllable addition errors were more frequent among patients from the nfvPPA
group than among those from the other groups. In the patients from the svPPA group,
repetition function was relatively preserved; however, these patients showed frequent
syllable substitution errors likely due to the degradation of semantic features. In addition,
these differences in repetition performance between the different PPA subtypes seem to
persist even as general language function continues to decline. Therefore, we conclude that
repetition performance in PPA patients does reflect the underlying pathology and the
resulting deficits in cognitive-language functions; thus, the assessment of repetition

function may potentially serve as a valuable tool for the accurate subtyping of PPA patients.

Key words: primary progressive aphasia, verbal repetition, error types of verbal repetition
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