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Objectives: Primary progressive aphasia (PPA) is a neurodegenerative disease, where lan-
guage disorder is a predominant symptom. Previous studies demonstrated that individu-
als with PPA shows different syntactic abilities when compared to other degenerative syn-
dromes, suggesting that connected speech is the appropriate task for examining syntactic
features. Therefore, the current study investigated the linguistic features of PPA in con-
nected speech by conducting a systematic review. Methods: Thirteen studies were ex-
tracted from the three foreign databases (CINAHL EBSCO, PubMed, SCOPUS). Fluency, syn-
tactic, and lexical features were converted to Hedges' g to calculate the effect size of
speech production among people with PPA and the control, and between linguistic fea-
tures. Results: First, the PPA group showed a worse performance overall in the connected
speech tasks compared to the control, having a moderate effect on only linguistic features.
Second, the PPA group showed worse performance compared to the control in the fluency
features, having PPA types as a moderator. Third, the control had better performance in the
syntactic features, showing severity as a moderator. Lastly, performance between the PPA
group and the control in lexical features had a moderate effect on PPA type. Conclusion:
The current study demonstrated that the speech production of individuals with PPA in
connected speech has a moderate effect on linguistic features. Moreover, the analysis of
linguistic features of PPA in connected speech showed that each linguistic features has a
different moderator. To be specific, fluency and lexical features were both discriminated by
the PPA types, whereas syntactic features were differentiated by the severity, demonstrat-
ing that all people with all PPA types had difficulty in syntactic features.

Keywords: Primary progressive aphasia, Connected speech, Meta-analysis, Linguistic fea-
tures
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Table 1. Inclusion and exclusion criteria for study selection

Inclusion criteria Exclusion criteria

Research Group design Single-subject design
design (control group included) Case study
Review article
Participants ~ Semantic variant PPA (sv-PPA) Aphasia due to stroke
Logopenic variant PPA (Iv-PPA) - Severe dysarthria or apraxia
Non-fluent variant PPA (nfv-PPA)  TBI
Right-hemisphere stroke
Multilingual
Non-native English speaker
Stimuli Picture description (single picture) Interview
Storytelling Conversation
Sequential picture description
Story-retelling
Outcome Fluency features Other measures
measures  Syntactic features

Lexical features

PPA =primary progressive aphasia; TBI=traumatic brain injury.

BT 2 AoAE ol E ﬂoﬂl AR, A, 1215l A=
T FEo 2 S, Zﬂ*l 2 715kt

0 2 30 A A A 10, W2
A AN o}, S35 5% o, BAKE 23 o], PPA 319)
29 AN R AYSIGITh tA s Rl 7} Fehe
7120 & AR50, dlof =Hof 9l RE Hto| o] 7|38
£ 99 QR I TS T B SIS A SIS §
Fado] ZRELEA Bohsch FuiA
4eelr|of 2 EeleR 0 2 Lieo] Al of

2 ok, cloloh B4 oI S-Estel AA] o
£ Btk ot A grE oAl Bk EEEA A of
w2 Bl
ERLIPICITE

7} = 10) Al EAS mtolsh] 18 A4, ZBAE, o]
T Aol 4 A9, 4G4 B3 3 519, PoA 13
Qofsts] B4 519] 240 AnHE TS FHEE =g}
E}éxéf& AR elegsel, 2 AAfolel A 35 1ol o

7%= (mild), % (moderate), & 4= $2(un-
known)© &2 —E‘-E”G]-oﬂq-. Al (severe) = O] =Fof| = S5}
Srol Al eJstgict. A5 B WS A= A =ZollA A 1 Bt
S AL, 71 AT 28D E Hlof U= = Er% ZASHA Sk A
B(p=.093) ¥ w5Ax(p=. =
ofep) stor, B il A B S
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Duplicated research

(N=2333)

15t exclusion screening

> (N=1514)

Other population: aphasia due to stroke,
severe dysarthria or apraxia,

TBI, right-hemisphere stroke

27 exclusion screening
> (N=81)

Non-relevant task (N=35)
Linguistic feature results unprovided (N=28)
Case study or single-subject design (N=5)

No control group (N=3)

No PPA subtype results (N=2)
Review articles (N=2)

Caregiver as a participant (N=2)
Multilingual (N=2)

Non-native English speaker (N=1)
No original article (N=1)

Manual searching

(N=1)

c Records identified through database searching
2 (N=3940)
g CINAHL (EBSCO):
= PubMed:
5 SCOPUS: 1705
5 |
v
Research after excluding duplication

o8 (N=1607)
o
=
@
o v
v
u Research after 15t screening

(N=93)

v

g Research after 2" screening
3 (N=12)
)
w
o -
i -«
°
32 v
3
£ Research after excluding duplication

(N=13)

Figure 1. Flow-chart of study selection, exclusion, and inclusion.

(words per minute, WpM)2} 25 24 4=(syllables per second,
SpS), -5 EAJof| B4t 1S} o] (mean length utterance, MLU) 2}
A @77} ¢l % (grammatically correct sentences, GCS),
2]l ]3] EAJo]| & o] 4=(number of words, NoW), 2Ju| T+
Q] =(content unit, CU), WA} o] =A} A+ H]E-(noun to verb ra-
tio, N-V ratio), -8-¢] tff 7]-5-0] AF& H]-E(open to closed class
words, O-C ratio) = A4l ch

A ap=r] 9 FEANE a7 2 mEolA 53
Aofek EA] 5}9] 8 A Wtal} 3EFHAE Hedges' ¢ (Hedges
& Olkin, 1985)§ Bi3kato] AFEST) o] K ¢l TolA] o]

7 e Q1T50] Alo] Yo, o] B ] AL} 3}
gE=AE = i%—g Z0]7] $J3}| Cohen’s d (Cohen, 1988)& A4t
Hedges' g= FAZFSt 40|t} (Bernard & Borokhovski, 2009). 2} +=
S A AL A 8, A tAke] §A4 Sol A= ek
A g 323 (random effect model) . &2 BEAI5}CE =5 71 §
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L Qg 942 a=09
ek ek 73, <lof

3719 oA (heterogeneity) o5
9 P Bsi) A2l ol 2ol

314 54, PPA 3, $550]| wfe} vek ANOVAS 53 2745
& BASGOR, AL 7 HAbe] BUSIE A0.R Bl

ek

2 AATe] B #5517] $16l funnel plot, Egger?] 2]
F&4(Egger, Smith, Schneider, & Minder, 1997), 121 trim-
and-fill (Duval & Tweedie, 2000)2 ©]-8-5}0] &7+ 2 F(publica-
tion bias) S H-415}%ICk Funnel plot2 £3) A|ZF4] 0. 2 H|tjAA]
2 418 7, Eggere] SARAE Bo vichol tfg S 2
A8 AAERALE &7 @ 57) ltka WA E QS AL trim-and-
=7 07E 23T Trim @A oA axt=7]71 o
ol B 4 YES BUAT AF-2 AISKT, and BACNH T
stkzi7]e] HS To0m, Bkl B th] et &

fillS £3]

BEMEE: %%1 2 Aofat A7-2 ThA| BN,
o] 57] 18] *ehel A2 Ack o] 4L E3) funnel plote]

H]EH%“J% 5@3}%‘1‘3} E FA1A EA42 R version 4.2.03 A}
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Table 2. Quality assessment of the included studies
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, sv-PPA= 1517, Iv-PPAE= 2119, “18] 31 nfv-PPA= 190
A 17F4)9] PPA

oo
=T

Zgrsta Qlsiek

5 oo 3

7t te Z251Ich 73 9] =5 of| A Mini-Mental State Exami-
nation (MMSE; Folstein, Folstein, & McHugh, 1975) 2.2, 3% 9]
+=9]|A] Clinical Dementia Rating scale (CDR; Knopman, Wein-
traub, & Pankratz, 2011) 2, 33 2] 1=FLo]| A] Western Aphasia Bat-
tery (WAB; Kertesz, 1982) == Western Aphasia Battery-Revised
(WAB-R; Kertesz, 2006)2, 22| :=F0]| 4 Dementia Rating

Ashetal. Ashetal. Berube et al.

(2013) (2006)

(2018)

Cordella et al.
(2017)

Fraser et al.
(2014)

Gallee et al.

(2021)

Lavoie et al.

(2021)

Participants
Adequate sample size (>10)
Demographic information provided
Specification of severity
Control group included
Semantic variant PPA included
Logopenic variant PPA included
Non-fluent variant PPA included
Task
Picture description task assessed
Storytelling task assessed
Fluency features assessed
Syntactic features assessed
Lexical features assessed
Data
Mean and SD provided for each group N \

L S A LU
= X =2 =2 =2 =2 =2

= <= <= X =
X = < < X

= <2 <2 <2 x < D>

X =

v

P e >

X <. X <=<_

X

= X 2 =2 =2 =2 =

= =< X = X

v

L S S A L .

v

X = X =< < <= <

= = X = =

v

Mack et al. Mack et al.
(2015) (2021)

Matias-Guiu et al.
(2022)

Thompson et al.
(2012)

Thompson et al.
(2013)

Wilson et al.

(2010)

Participants
Adequate sample size (>10)
Demographic information provided
Specification of severity
Control group included
Semantic variant PPA included
Logopenic variant PPA included
Non-fluent variant PPA included
Design
Picture description task assessed
Story telling task assessed
Fluency features assessed
Syntactic features assessed
Lexical features assessed
Data
Mean and SD provided for each group V N

= =2 e e 2= =
= =222 =

= = = <= X
X = X = X

N

= < <= X <=

v

= =2 =22 = =2 D>

= = = <= X

= = X =2 = =2 =

= = = = X

E A T

= = = X =

V=adequate; A = partially adequate; x =missing; N/A=non applicable; SD = standard deviation.
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Scale-R (DRS-R; Jurica, Leitten, & Mattis, 2001) %, 13H2] =5 o]
A] Progressive Aphasia Severity Scale (PASS; Sapolsky et al., 2010)
2, 373 119 =84 Montreal Cognitive Assessment
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ate) 75, & 4= 313 (unknown) 24503tk
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Kaplan, 1983)9]] $J+= Cookie Theft, Mirog}+= 727} 135S HH
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=
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}
T g 5t 37|
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2 Ho
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£
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I
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Subgroup

feature = syntactic
Random effects model
Heterogeneity: /% = 83%, t° = 2.3200, p < 0.01

feature = fluency
Random effects model
Heterogeneity: 12 = 90%, 12 = 2.3200, p < 0.01

feature = lexical
Random effects model
Heterogeneity: 12 = 89%, 2 = 2.3200, p < 0.01

Random effects model
Heterogeneity: 1% = 88%, 1° = 2.5013, p <0.01
Test for subgroup differences: xg =7.59,df =2 (p =0.02)

2 Etj2 A o] Wet L7} 37]5 Hedges' g2 AHZ313IC).
71 A3}, g=-1.53 (CL:-1.85, -1.21, p<.0001) &, 22 ¥.2) g 1}57
£ Yellch = ZAF Jeka} PPA Hek 71 2o 7 EA A o2 §-9]
SHACE TS P =88.1% (Q=855.02, df =101, p<.000)E Z =7
o) o] A& e, AR BALE 2 =2.5013.0 2 tpehith 44
9 PPA 4} 7F ¢lo] 35:219] 2polo]] tht ATk 7] Appendix 2
o forest plot ©. & A|A|5}%ic]
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=11 71 o
A, Aofskal 54 7+ At A7) S dol thek SAA 12148 A

>
1]
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L
o
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O
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I
o
[\ )
D
o,
-
Sl
A
oX
oq
1]
.
o
)
i)
2.
o
Bl
oX
i

i
4k 7.3%7} AT = Ik (Figure 2). o]H 1ofaHs]
T}RIA] Ak R 7] Q18f), AF-EAlS A8t
ek 1 An AT o] EA4 1 Abol(p=.02)0] o Ao
LR 52843 At B4 2t Atol(p= 249 T EEH Y o
2] 54 1 Aol(p=.06)= A .2 F-OJ5HA] gkttt

=4, PPA 18 1t &1 7] 5 30l vt EAA o4 A%
A}, FARCRE FOJoHA] ¢ e = UEaLQy =165, df=2,
p=72), A, FF= A AR S & FofobA] oh2 Ao & Lt
tHQy =743, df =3, p=.06).

™

Ao et M| "t 20t 27|

% 7HO| =2ollA 22719 {34 Bh9] B4R FeE]laL, o]
£ EUE HA| 534 A2 Bt &3} 2718 Hedges' g= Al
a9ik 1 A7k g=-2.22 (CI: -3.05, -1.39, p < .0001) &, A4} ekt

Standardised Mean

Difference SMD 95%-Cl
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Figure 2. Forest plot of combined correlation coefficients between linguistic features.
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Figure 3. Forest plot of combined correlation coefficients of the fluency data.
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Figure 4. Forest plot of combined correlation coefficients between PPA types in the fluency data.
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Figure 5. Forest plot of combined correlation coefficients of the syntactic data.
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Figure 6. Forest plot of combined correlation coefficients between severity in the syntactic data.
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Appendix 1, 24 =2 £4 Q21
Participants Severity . Linguistic features ex-
Language with PPA Measurement Age (SD) Education (SD) Controls (SD) Task wacted
Ashetal. (2013) English 18 sv-PPA MMSE 65.7(8.2) 15.8(3.0) N=12 PD*  FWpM
29 Iv-PPA 66.1(9.3) 15.2(3.0) Age:70.0(8.3) S: MLU, GCS
15 nfv-PPA 70.3(10.6) 14.2(2.8) Edu: 16.2(2.6) L: 0-C ratio
Ash et al. (2006) English 13 sv-PPA MMSE 66.4(7.1) 15.8(2.7) N=10 ST EWpM
10 nfv-PPA 72.5(7.6) 14.8(2.9) Age: 69.1(4.8) S:MLU
Edu: 16.7 (2.6)
Berube et al. (2019) English 9 sv-PPA N/A 64.2(9.6) 15.4(1.9) N=50 PD® L CU
11 Iv-PPA Age:58.9(18.2)
4 nfv-PPA Edu: 16.0(0.7)
Cordella etal. (2017) English 13 sv-PPA PASS 66.0(9.03) 17.2(2.38) N=8 PDY FSR
14 Iv-PPA 718(7.75) 16.9(2.45) Age: 61.7 (8.44)
11 nfv-PPA 66.4 (11.40) 16.6(3.29) Edu: 15.8(0.71)
Fraser et al. (2014) English 10 sv-PPA MMSE 65.6(7.4) 175(6.1) N=16 ST S:MLU
14 nfv-PPA DRS-R 64.9(10.1) 14.3(3.6) Age:67.8(8.2) L: NoW
Edu: 16.8(4.3)
Gallee et al. (2021) English 19 sv-PPA CDR 69.7 (8.35) 16.2 (2.30) N=31 PD¢ L:CU
26 Iv-PPA 702(7.17) 15.7(2.38) Age: 63.4(8.20)
25 nfv-PPA 68.2(8.28) 15.5(2.73) Edu: 14.9(1.83)
Lavoie et al. (2021) English 13 Iv-PPA MMSE 68.9(6) 15.8(3.2) N=13 PD*  S:MLU, GCS
MoCA Age: 68.8(8.8) ST L:NoW, O-Cratio
DRS-R Edu: 16.1(3.7)
Mack et al. (2015) English 12 sv-PPA MMSE 60.58 (5.65) 16.08(3.15) N=12 ST F:WpM
11 Iv-PPA 66.18 (6.24) 16.64(1.43) Age: 64 (6.76) S:MLU, GCS
12 nfv-PPA 62.33(7.34) 16.58(2.47) Edu: 16 (2.52) L: N-V ratio, O-C ratio
Mack et al. (2021) English 15 sv-PPA \WAB 65(5.9) 15.9(3.0) N=25 ST S: GCS
16 Iv-PPA 68.4 (6) 17.4(15) Age: 63.6(7.8)
34 nfv-PPA 65.8(6.9) 15.8(2.2) Edu: 15.8(2.3)
Matias-Guiu et al. (2022) ~ English 11 sv-PPA CDR 64.45 (6.53) 13.36(3.80) N=31 PD? F: WpM
45 lv-PPA 73.96(6.15) 12.42(5.33)  Age: 69.45(9.89) S:MLU
31 nfv-PPA 70.32(8.50) 12.00(5.09)  Edu: 12.74(4.83) L: NoW
Thompson et al (2012) English 6 sv-PPA WAB-R 56.33(1.52) 16.00(0.89) N=13 ST F: WpM
20 Iv-PPA 65.9(2.03) 15.85(0.49)  Age:63.23(1.63) S:MLU, GCS
11 nfv-PPA 63.27(1.77) 16.82(0.80) Edu: 16.31(0.70) L: N-V ratio, O-C ratio
Thompson et al. (2013) English 15 Iv-PPA MMSE 66.5 (N/A) 15.9(N/A) N=15 ST F: WpM
9 nfv-PPA WAB 63 (N/A) 16.6 (N/A) Age: 62.6 (N/A) S:MLU, GCS
Edu: N/A L: N-V ratio, O-C ratio
Wilson et al. (2010) English 25 sv-PPA MMSE 60.58 (5.65) 15.8(2.5) N=10 PD¢ F: WpM
11 Iv-PPA CDR 66.18 (6.24) 16.6(2.8) Age: 68.5(5.9) S:MLU
14 nfv-PPA 62.33 (7.34) 15.9(3.1) Edu: 17.0(1.7) L: NoW
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Appendix 2. 4 2 PPA B2} 2H A0 53 A
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