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Purpose: The three variants of primary progressive aphasia
(PPA) differ in clinical presentation, underlying brain
pathology, and clinical course, which stresses the need for
early differentiation. However, brief cognitive tests that
validly distinguish between all PPA variants are lacking.
The Sydney Language Battery (SYDBAT) is a promising
screening instrument that can be used as a first step in a
comprehensive neuropsychological assessment to distinguish
PPA subtypes, but evidence on its validity and reliability is to
date limited. In the current study, the validation and diagnostic
value of the SYDBAT are described for discriminating PPA
subtypes as well as distinguishing PPA from mild cognitive
impairment (MCI) or Alzheimer’s dementia (AD).
Method: Forty-five patients with PPA (13 with semantic PPA,
20 with logopenic PPA, and 12 with nonfluent/agrammatic
PPA), 25 MCI patients, 13 AD patients, and 50 cognitively
unimpaired controls were included in this study. Both patients
and controls completed the SYDBAT-NL (Dutch version).
Performance on and predictive ability of the four subtests
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(i.e., Naming, Word Comprehension, Repetition, and Semantic
Association) were assessed. In addition, construct validity and
internal consistency were examined.
Results: Different SYDBAT performance patterns were found
across PPA and non-PPA patient groups. While a discriminant
function analysis based on SYDBAT subtest scores could
predict PPA subtype with 78% accuracy, it was more difficult
to disentangle PPA from non-PPA patients based on SYDBAT
scores alone. For assisting in clinical interpretation, simple
rules were set up and translated into a diagnostic decision
tree for subtyping PPA, which was capable of diagnosing a
large proportion of the cases. Satisfying validity and reliability
measures were found.
Conclusions: The SYDBAT is an easy-to-use and promising
screen for assessing single-word language processes, which
may contribute to the differential diagnostic process of PPA
and the assessment of language impairment in MCI and AD.
It can be easily implemented for initial screening of patients
in a memory clinic.
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P rimary progressive aphasia (PPA) is a syndrome
characterized by progressive decline in language
abilities while other cognitive functions remain

relatively spared, at least in the initial phases of the disease
(Matías-Guiu & García-Ramos, 2013; Mesulam, 1982).
PPA is a rare disorder with a typical age of onset between
the ages of 50 and 70 years (Kertesz et al., 2005). Its early
onset and progressive evolution makes it devastating for
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patients, their occupation, and their family (Tippett et al.,
2015). Three PPA subtypes are generally distinguished
based on their clinical manifestation and underlying neuro-
pathology (Gorno-Tempini et al., 2011): nonfluent/agrammatic
(nfv-PPA), semantic (sv-PPA), and logopenic (lv-PPA)
variant. The core symptoms of nfv-PPA include agram-
matism in language production and/or effortful speech with
inconsistent speech sound and distortions. Patients with nfv-
PPA usually have intact single-word comprehension and ob-
ject knowledge. In contrast, sv-PPA is characterized by defi-
cits in confrontation naming and single-word comprehension,
accompanied by surface dyslexia or dysgraphia. Repetition
and speech production are relatively spared in these pa-
tients. Finally, lv-PPA includes impairments in single-word
retrieval in spontaneous speech and naming as well as im-
paired repetition of phrases and sentences. Phonological
errors in spontaneous speech and naming are also observed.
Patients with lv-PPA usually do not show deficits in single-
word comprehension and object knowledge, and frank
agrammatism is absent (Gorno-Tempini et al., 2011).

Given their different underlying pathologies and clin-
ical course, early differentiation of the PPA subtypes may
have important consequences for treatment and interven-
tions (Newhart et al., 2009; Tippett et al., 2015). Nfv-PPA
and sv-PPA are most frequently associated with frontotem-
poral lobar degeneration pathology (Josephs et al., 2006),
whereas lv-PPA tends to be primarily related to Alzheimer’s
disease pathology (Mesulam et al., 2003). In addition, PPA
subtypes differ in their clinical course, with lv-PPA patients
generally showing a more rapid cognitive and functional de-
cline compared to the other two subtypes, which stresses the
importance of early differentiation (Matías-Guiu et al., 2015).

A multidisciplinary investigation including a compre-
hensive cognitive assessment is essential for an accurate di-
agnosis of PPA (Butts et al., 2015; Marshall et al., 2018).
In the current memory clinical setting, however, language
assessment is often neglected or very limited due to a lack
of short and easy-to-administer language tests that assess
more than just naming. For example, the Boston Naming
Test (Kaplan et al., 1983) is often used—in many cases even
in its abbreviated 15-item Consortium To Establish a
Registry for Alzheimer’s Disease version (Mack et al., 1992).
This test, however, only examines the presence of anomia
(word-retrieval deficits) and is insufficient to differentiate be-
tween all PPA subtypes since this difficulty is common to
all three variants of PPA (Gorno-Tempini et al., 2011). If
language is assessed more broadly, most commonly tests
are used that have been primarily developed for the as-
sessment of aphasia syndromes after stroke and examine the
different language domains separately. As a result, different
language measures are often combined to distinguish across
PPA subtypes. Combining different tests, however, may lead
to invalid interpretation due to differences in normative
groups and task properties (e.g., word frequency, number of
syllables) across tests (Savage et al., 2013). Moreover, the
often-used standard aphasia batteries developed for use
with stroke-induced aphasia may lack sensitivity to detect
the subtle deficits that are present in early stages of PPA
Downloaded from: https://pubs.asha.org 213.127.40.108 on 02/02/2022, 
and may result in inappropriate nomenclature (such as
Broca’s or Wernicke’s) based on the stroke-induced apha-
sia classification (Henry & Grasso, 2018). Clark et al. (2020)
examined the utility of a standard stroke aphasia battery,
the Western Aphasia Battery–Revised (WAB-R), for clas-
sifying variants of PPA, and they concluded that “WAB-R
classification did not distinguish among PPA classification
determined by consensus” (p. 498).

To overcome these problems, Savage et al. (2013) de-
veloped a new language screen, the Sydney Language Battery
(SYDBAT). This instrument measures the integrity of four
main aspects of language proficiency: naming, single-word
comprehension, semantic association, and repetition abilities,
using stimuli based on the same set of target words across
the four subtests. This approach eliminates the confounds
of linguistic differences and varying norms that trouble the
current clinical practice when combining multiple measures
from different tests. They created a simple diagnostic algo-
rithm based on the performance on the Naming and Semantic
Association subtests, in which sv-PPA is diagnosed if
naming and semantic association scores are 2 SDs or more
below the control mean, lv-PPA is diagnosed if naming is
below 22 but semantic association is within 2 SDs of the con-
trol mean, and nfv-PPA is diagnosed if naming and semantic
association are both within 2 SDs of the control mean. While
the SYDBAT has proven successful in correctly classifying
80% of the PPA patients based on this diagnostic algorithm
(Savage et al., 2013), evidence on its validity and reliability is
to date limited to the Australian English version.

Furthermore, little attention has been paid to the value
of language screens like the SYDBAT in the diagnostic pro-
cess of non-PPA patient groups, such as mild cognitive im-
pairment (MCI) and Alzheimer’s dementia (AD). While
deficits in language processing have been found to manifest
early in the disease course of AD patients (Taler & Phillips,
2008), the clinical assessment of language in AD and MCI
is often limited compared to other cognitive domains such
as memory (Emery, 2000). Moreover, comparative studies
investigating the diagnostic value of language measures in
PPA versus MCI and AD are scarce and inconclusive. Some
studies have suggested language test performance in PPA to
be equivalent to AD (Cosentino et al., 2006) or lower than
AD (Perry & Hodges, 2000); however, most of these studies
have only looked at sv-PPA.

This study had several aims. First, this study sought
to determine the validity and reliability of the Dutch version
of the SYDBAT (henceforth referred to as the SYDBAT-NL)
and derive a predictive diagnostic algorithm using the distinct
task profiles for each PPA subtype with the goal of confirming
the findings of Savage et al. (2013) in an independent sample.
Based on previous research (Savage et al., 2013), each PPA
subtype was expected to demonstrate a distinct profile across
SYDBAT subtests, with most prominent impairments in
naming as well as in verbal and visual comprehension (i.e.,
Word Comprehension and Semantic Association) in sv-PPA
because these tests are semantically based. Conversely,
nfv-PPA patients were expected to perform well on the visual
and verbal comprehension subtests, but poorer on speech
Janssen et al.: SYDBAT in Primary Progressive Aphasia 201
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production–related subtests (i.e., Naming and Repetition).
Lastly, lv-PPA patients were expected to perform at an in-
termediate level on all subtests, yet with most evident deficits
in naming. Next, this study aimed to examine the SYDBAT
in patients diagnosed with MCI or with AD, thus extending
previous research by including a non-PPA patient population
in which language impairment also is present. This will en-
able a direct comparison of PPA with MCI and AD. We
expected that the SYDBAT would demonstrate a broad
spectrum of language deficits in MCI and AD, mainly on
semantically based subtests (i.e., Naming, Word Comprehen-
sion, and Semantic Association). Since we expect language
deficits to be present in both MCI and AD, the assessment
of language deficits may not be sufficient to differentially di-
agnose MCI and AD from PPA. The construct validity was
examined through comparison between performance on the
SYDBAT-NL subtests and other commonly used language
tests. Here, we expected good convergent validity when
comparing SYDBAT subtest scores with other established
language measures (Savage et al., 2013), while for divergent
validity, we expected that the Naming, Word Comprehension,
and Semantic Association tests would correlate due to a
shared semantic component. Reliability was measured as
internal consistency via Cronbach’s alpha. By establishing
the SYDBAT as a promising tool that can be used in
memory clinics, early detection and differentiation of lan-
guage impairment in neurodegenerative disease becomes
possible, which has great prognostic value and possible
implications for treatment (Leyton et al., 2013; Tippett
et al., 2015).
Method
Participants

Forty-five patients diagnosed with PPA (13 sv-PPA,
20 lv-PPA, and 12 nfv-PPA), 35 non-PPA patients diag-
nosed with either AD (n = 13) or MCI (n = 25), and 50
cognitively unimpaired controls were included in this
study. Demographic characteristics of all participant groups
Table 1. Clinical characteristics of study participants.

Variable

PPA

All sv-PPA lv-PPA

n (%) 45 (33.8) 13 (9.8) 20 (15.0)
Age (SD) 67.2 (7.0) 65.2 (7.0) 67.5 (6.9)
Sex distribution (males/females) 26/19 6/7 15/5
Education level (1–7)a (SD) 5.1 (1.1) 5.7 (0.9) 4.8 (1.0)
Disease duration in years (SD) 3.2 (1.8) 3.3 (1.3) 3.2 (2.1)
MoCA score (SD)*** 20.1 (3.8) 21.4 (2.6) 18.5 (4.5)

Note. Data are reported as mean (SD) or number (%). sv-PPA = semantic
variant PPA; MCI = mild cognitive impairment; AD = Alzheimer’s dementia; n
N/A = not applicable.
a1 = less than 6 years elementary school; 2 = 6 years elementary school; 3
community college; 6 = advanced vocational training; 7 = Bachelor of Scien

Statistical significance (PPA vs. non-PPA vs. controls): ***p < .001.

202 Journal of Speech, Language, and Hearing Research • Vol. 65 • 2

Downloaded from: https://pubs.asha.org 213.127.40.108 on 02/02/2022, 
are described in Table 1. The patients visited the memory
clinic of one of the participating medical centers in the
Netherlands (Radboud University Medical Center in
Nijmegen, Erasmus MC University Medical Center in
Rotterdam, Jeroen Bosch Hospital in ’s-Hertogenbosch, and
Maastricht University Medical Center in Maastricht) be-
tween September 2016 and January 2020 with cognitive
complaints (self-reported or reported by significant others).
For the PPA group, the SYDBAT-NL was added to the
standard neuropsychological assessment when a patient
presented with language problems and suspicion of neuro-
degenerative disease. Subsequently, the patients were in-
cluded in this study if they fulfilled the clinical diagnostic
criteria of PPA (Gorno-Tempini et al., 2011). Furthermore,
the SYDBAT-NL was added to the neuropsychological
assessment of a randomly selected group of patients visit-
ing the memory clinic for the non-PPA patient groups.
The cognitively unimpaired controls were recruited through
(oral) advertisement.

Clinical diagnoses were established based on an exten-
sive multidisciplinary assessment including neuropsycho-
logical assessment, neurological testing, and neuroimaging.
PPA patients were between 52 and 82 years of age, and spe-
cific variants were diagnosed according to the guidelines
by Gorno-Tempini et al. (2011). Non-PPA patients were
between 52 and 80 years of age and were diagnosed accord-
ing to the Dutch guidelines for MCI and AD (Nederlandse
Vereniging voor Klinische Geriatrie, 2014). Specifically, all
MCI patients fulfilled the MCI-core clinical criteria as de-
fined by Albert et al. (2011) and were categorized as either
amnestic MCI (n = 15) or nonamnestic MCI (n = 10;
Petersen, 2004). Cognitively unimpaired controls were be-
tween 48 and 85 years of age and had neither cognitive im-
pairments (Montreal Cognitive Assessment [MoCA] score
≥ 26) nor self-reported cognitive complaints. All partici-
pants were native speakers of Dutch. For all participants,
exclusion criteria were a current psychiatric disorder or
substance abuse, or a current or past severe neurological
disorder. All patients were assessed by use of a neuropsy-
chological assessment, including the SYDBAT-NL. The
Non-PPA Controls

nfv-PPA All MCI AD All

12 (9.0) 38 (28.6) 25 (18.8) 13 (9.8) 50 (37.6)
68.8 (7.4) 69.2 (6.8) 70.0 (6.0) 67.7 (8.4) 66.0 (8.2)

5/7 20/18 15/10 5/8 24/26
5.1 (1.2) 5.1 (1.1) 5.1 (1.2) 4.9 (0.9) 5.5 (1.2)
3.2 (1.9) 3.6 (3.2) 3.3 (3.7) 4.0 (2.0) N/A

21.0 (3.6) 19.6 (6.9) 23.7 (4.5) 13.50 (5.0) 27.4 (1.3)

variant PPA; lv-PPA = logopenic variant PPA; nfv-PPA = nonfluent
= number of participants; MoCA = Montreal Cognitive Assessment;

= more than 6 years elementary school; 4 = vocational training; 5 =
ce or higher.
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Figure 1. An example item of the Naming (A), Word Comprehension
(B), and Semantic Association (C) subtests, in which the patient has
to either name or point to the correct answer. For the Repetition
subtest, no visual item is presented as both the instruction and
response for this subtest are given verbally.
controls only completed the MoCA and the SYDBAT-NL.
All data were collected in compliance with the Declaration
of Helsinki.

SYDBAT-NL
The specifics of the SYDBAT have been described in

detail previously (Savage et al., 2013). In short, the Sydney
Language Battery consists of four subtests (Naming, Repe-
tition, Word Comprehension, and Semantic Association),
each including the same 30 nouns of three or more syllables
(e.g., elephant, thermometer). Items include living and non-
living things and are graded in difficulty based on word
frequency. Each subtest has a total score of 30, and the ad-
ministration of a subtest has to be ended after six incorrect
responses. The total administration takes approximately
15–30 min.

The translation and adaptation of the SYDBAT into
Dutch was described previously in a pilot study (Eikelboom
et al., 2017). In the SYDBAT-NL, characteristics of the
original test were kept as similar as possible. Items with
fewer than three syllables after translation into Dutch were
replaced by new items that matched the category of the re-
moved items as much as possible. For example, the item
hippopotamus of the original test comprises only two syl-
lables in Dutch (“nijlpaard”) and was therefore replaced
by the three-syllable item crocodile (“krokodil”) in the
SYDBAT-NL. In addition, some response options on the
Semantic Association subtest were modified when the seman-
tic relation of existing SYDBAT items was not apparent
for the Dutch language or culture. Subsequently, items were
ordered by decreasing word frequency and graded into
three blocks of difficulty based on the SUBTLEX-NL
frequency database (Keuleers et al., 2010). A pilot version
of the SYDBAT-NL was tested on 10 individuals before the
final version was established. An example of the Naming,
Word Comprehension, and Semantic Association subtests is
shown in Figure 1.

Neuropsychological Assessment
The MoCA was used as a short screening instrument

to establish global cognitive functioning (Nasreddine et al.,
2008). The Trail Making Test (TMT)–Part A was used to
measure processing speed (Bowie & Harvey, 2006). Execu-
tive functioning was assessed using the TMT (dividing the
TMT-Part B score by the score on Part A; Oosterman et al.,
2010). Verbal fluency was examined with the Semantic Flu-
ency Test (1-min Animal & Profession naming; Van der
Elst et al., 2006) and the Letter Fluency Test (Letters tested:
“D-A-T,” which is the Dutch-language equivalent of the
Controlled Oral Word Association Test [FAS variant]; Lezak
et al., 2012; Schmand et al., 2008). Working memory was
assessed with the Digit Span (total score for Forward, Back-
ward, and Sorting) subtest of the Dutch version of the
Wechsler Adult Intelligence Scale–Fourth Edition (Wechsler,
2008). Visuospatial episodic memory was examined with the
Location Learning Test–Revised (Bucks et al., 2011). The
Downloaded from: https://pubs.asha.org 213.127.40.108 on 02/02/2022, 
copy trial of the Rey–Osterrieth Complex Figure Test was
used to evaluate visuoconstruction (Osterrieth, 1944).

Several established language tests were used to exam-
ine the convergent validity of the SYDBAT-NL. The short
form of the Boston Naming Test (BNT) with 29 line draw-
ings, validated for the Dutch language (Van Loon-Vervoorn
& Van der Velden, 2006), was used to assess naming abili-
ties. The verbal subtest of the Semantic Association Test
Janssen et al.: SYDBAT in Primary Progressive Aphasia 203
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(Visch-Brink et al., 1996) was used to examine deficits in se-
mantic associations. The Word Comprehension and Word
Repetition subtests from the Comprehensive Aphasia
Test (CAT-NL; Visch-Brink et al., 2014) were administered
to measure word comprehension and repetition abilities,
respectively.
Descriptive Measurements
The level of formal education was measured in accor-

dance with the Dutch educational system, which uses levels
rather than years of education (Duits & Kessels, 2012). This
ordinal scale includes the following seven categories: (a) fewer
than 6 years primary education; (b) completed primary edu-
cation; (c) more than 6 years of primary education, without a
secondary school diploma; (d) lower vocational training; (e)
advanced vocational training or lower professional education;
(f) advanced professional training or upper secondary school;
and (g) academic degree. The duration of cognitive decline
was estimated based on the reported years since symptom
onset either via self-report or reported by significant others.
Statistical Analyses
As the PPA and non-PPA groups were relatively small

and scores were not normally distributed, between-group
comparisons were performed using nonparametric tests
(Kruskal & Wallis, 1952). Therefore, to assess the between-
group differences in performance between the PPA, non-
PPA, and control groups on the SYDBAT-NL and other
neuropsychological tests, Kruskal–Wallis and follow-up
Mann–Whitney U tests were used with Benjamini and
Hochberg correction for multiple testing (Benjamini &
Hochberg, 1995) with false discovery rate Q set at 0.05
(McDonald, 2009). Effect sizes were calculated using
Rosenthal’s (1994) formula. Also, raw scores of the neuro-
psychological assessment were converted into z scores
based on sex, age, and education-adjusted norms for descrip-
tive purposes using 1.5 SD below average as a cutoff for
classifying a patient as impaired on that test (Petersen et al.,
1999).

The specific SYDBAT impairment profile was ana-
lyzed by comparisons between each patient (sub)group on
the SYDBAT subtests using Kruskal–Wallis and follow-up
Mann–Whitney U tests. Next, discriminant function analy-
ses were conducted to explore whether patients could be
classified into diagnostic groups using either a combina-
tion of SYDBAT scores of the Naming and Semantic As-
sociation subtests (following the diagnostic decision tree
by Savage et al., 2013) or a combination of all SYDBAT
subtests. Subsequently, cutoff scores were determined by
analyzing the profile of each PPA variant in a qualitative
way and selecting cutoff scores with the highest predictive
ability (i.e., the highest number of patients who were cor-
rectly classified). Finally, based on these cutoff values, sensi-
tivity and specificity were calculated per subtype, and simple
diagnostic rules for clinical practice were created.
204 Journal of Speech, Language, and Hearing Research • Vol. 65 • 2
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Construct validity was examined by exploring con-
vergent and divergent validity (Campbell & Fiske, 1959).
Because of the expected ceiling performance of the lan-
guage unimpaired controls, the convergent validity of the
SYDBAT-NL subtests was examined only in patients by
calculating Spearman correlation coefficients (rs) between
each subtest and a similar established test measuring the
same construct. To illustrate, correlation coefficients were
calculated between the Naming subtests and the BNT, the
Word Comprehension subtest and the Word Comprehension
task of the CAT-NL, the Repetition subtest and the Word
Repetition subtests of the CAT-NL, and the Semantic Asso-
ciation subtest and the verbal task of the Semantic Associa-
tion Test (SAT). Divergent validity of the SYDBAT was
examined only in patients by calculating Spearman correla-
tion coefficients (rs) between each SYDBAT-NL subtest
and between the SYDBAT subtests and the established lan-
guage tests measuring a different construct. These were
thus expected to be correlated to a lesser extent. Since the
SYDBAT-NL scores were not normally distributed, Spear-
man’s rank–order correlation coefficients (rs) were used
(Spearman, 1904). The correlations were interpreted accord-
ing to Cohen’s (1988) convention of small (0.10), moderate
(0.30), and large (0.50). Discriminant function analyses based
on the four (sub)tests used for the study of convergent valid-
ity were conducted to assess whether the SYDBAT out-
performed these standard measures in terms of patient
classification. Reliability of the SYDBAT-NL was tested
in the 50 cognitively unimpaired controls by assessing the
internal consistency via Cronbach’s α coefficients per sub-
test. All statistical analyses were performed with IBM
SPSS Statistics 25.0.
Results
General Cognitive Profile

There were no significant group differences for age,
sex distribution, or level of education between the PPA,
non-PPA, and cognitively unimpaired control groups (all
H values < 5.3, all p values > .05; Table 1). MoCA scores
showed significant differences between the three groups,
H(2) = 49.62, p < .001, with the controls scoring significantly
higher compared with the PPA (U = 8.5, z = 6.91, p < .001,
r = .80) and non-PPA patient groups (U = 32.5, z = 2.78,
p = .004, r = .38). The PPA and non-PPA patient groups
did not differ with regard to disease duration (U = 352, z =
−0.30, p = .76, r = −.04) or severity of cognitive deficits
(U = 56.5, z = −0.20, p = .84, r = −.04) as measured by
the MoCA (see Table 1).

Table 2 shows the results of the complete neuropsy-
chological assessment for the PPA and non-PPA patient
groups, including scores on clinical impairment based on
z scores of 1.5 SD below the control mean. A Kruskal–
Wallis test that compared all neuropsychological tests as
reported in Table 2 between PPA-subtypes showed no sig-
nificant differences after correction for multiple comparisons
(all H values < 7.3, all p values > .025). A Kruskal–Wallis
00–214 • January 2022
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Table 2. Performance on neuropsychological tests for patients with primary progressive aphasia and non-PPA patients per subtype.

Domain

PPA Non-PPA

sv-PPA lv-PPA nfv-PPA MCI AD

Raw CI Raw CI Raw CI Raw CI Raw CI

Processing speed
TMT A 47.8 (26.4) 3/10 (30%) 102.8 (93.0) 9/18 (50%) 88.6 (68.1) 4/10 (40%) 55.0 (18.2) 5/19 (26%) 71.2 (27.5) 3/8 (38%)

Executive function
TMT Ba 116.9 (51.2) 4/11 (36%) 192.4 (118.5) 12/17 (71%) 200.1 (154.3) 3/9 (33%) 171.6 (140.8) 4/17 (24%) 268.6 (156.1) 4/7 (57%)
Letter Fluency 22.2 (16.5) 4/6 (67%) 17.2 (8.6) 10/17 (59%) 20.9 (8.5) 5/8 (63%) 26.5 (11.3) 8/17 (47%) 18.5 (8.3) 4/6 (67%)
Semantic Fluencyb 7.8 (5.1) 6/7 (86%) 9.1 (3.6) 16/18 (89%) 13.8 (7.0) 4/10 (40%) 14.5 (5.2) 8/20 (40%) 9.8 (4.3) 3/5 (60%)

Working memory
Digit Span total 21.1 (5.4) 1/7 (14%) 14.1 (3.7) 10/13 (77%) 16.4 (3.8) 3/6 (50%) 22.3 (4.3) 2/19 (11%) 17.3 (4.5) 0/7 (0%)

Visuospatial memory
LLT-R total score 30.4 (22.9) 2/10 (20%) 42.0 (22.1) 4/17 (24%) 33.1 (18.1) 0/7 (0%) 38.4 (22.0) 1/16 (6%) 63.7 (28.6) 2/5 (40%)
LLT-R delayed scorec 0 (2.8) 1/11 (9%) −1.8 (1.8) 1/18 (6%) 0.2 (3.0) 0/8 (0%) −0.56 (3.3) 1/16 (6%) −0.83 (6.2) 2/5 (40%)

Visuoconstruction
RCFT copy 29.8 (7.1) 1/5 (20%) 29.1 (4.6) 4/11 (36%) 30.5 (4.6) 1/3 (33%) 28.4 (4.4) 7/16 (86%) 27.8 (4.9) 2/4 (50%)

Note. Data are reported as raw test scores (Raw) (SD) and number of clinically impaired (CI; z < 1.5 SD) for sv-PPA = semantic variant PPA; lv-PPA = logopenic variant PPA; nfv-
PPA = nonfluent variant PPA; MCI = mild cognitive impairment; AD = Alzheimer’s disease. TMT = Trail Making Test; LLT-R = Location Learning Test–Revised; RCFT = Rey Complex
Figure Test.
aFor calculation of % clinically impaired, B/A-values were used (Oosterman et al., 2010). Patients in whom the test was discontinued were counted as clinically impaired (n = 11).
bMean raw for animal and profession naming. cNumber of items forgotten during the delay period.
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test that compared all neuropsychological tests between
specific PPA subtypes, MCI and AD showed a significant
difference only on the Digit Span task after correction for
multiple comparisons, H(4) = 23.11, p < .001. Follow-up
Mann–Whitney U tests showed that the lv-PPA patients
performed significantly worse on Digit Span compared to MCI
(U = 20.0, z = −3.99, p < .001, r = −.71) and AD (U = 14.0,
z = −2.51, p < .05, r = −.56) patients, whereas nfv-PPA pa-
tients performed significantly worse on Digit Span compared
to MCI patients (U = 15.0, z = −2.70, p < .01, r = −.54).
SYDBAT Between-Group Comparisons
SYDBAT subtest scores of all groups are shown in

Figure 2, and results of the differences in performance be-
tween all PPA and non-PPA patient subtypes are shown in
Table 3, including scores on clinical impairment based on
z scores of 1.5 SD below average. As expected, significant
group differences were found between the PPA patients,
non-PPA patients, and healthy controls on Naming, H(2) =
Figure 2. Violin plots of the performance on the Sydney Language Battery p
with Alzheimer’s dementia (AD), mild cognitive impairment (MCI), logopenic
variant PPA (sv-PPA). The outer shapes represent the distribution of individ
indicates the median, and the bottom and top of the box indicate the first a
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69.0, p < .001; Repetition, H(2) = 14.10, p < .001; Word
Comprehension, H(2) = 14.8, p < .001; and Semantic Asso-
ciation, H(2) = 37.61, p < .001. This was followed-up with
Mann–Whitney U tests that showed both the PPA and non-
PPA groups scored significantly lower on all subtests com-
pared with controls (U values between 123.0 and 852.0,
all p values < .05). Moreover, the PPA patients scored
significantly lower on the Naming (U = 548.0, z = −2.81,
p < .01, r = −.31) and Repetition (U = 459.5, z = −3.52,
p < .001, r = −.39) subtests, but not the Word Comprehen-
sion (U = 691.0, z = −1.34, p = .18) and Semantic Associa-
tion (U = 796.5, z = −0.54, p = .59) subtests, compared to
non-PPA patients.

PPA Subtypes
A Kruskal–Wallis test showed significant differences

in SYDBAT performance between the PPA subtypes on
the Naming, Word Comprehension, and Semantic Association
subtests. Sv-PPA patients performed worse on both the
Naming (U = 13.0, z = −4.32, p < .001, r = −.75) and
er subtest for cognitively unimpaired controls (Control) and patients
variant PPA (lv-PPA), nonfluent variant PPA (nfv-PPA), and semantic
ual data (indicated by dots), the thick horizontal line inside the box
nd third quartiles.
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Table 3. Performance on the Sydney Language Battery (SYDBAT) per subtest by patient group.

SYDBAT-NL
Subtest

PPA Non-PPA Controls

sv-PPA lv-PPA nfv-PPA MCI AD All

Raw CI Raw CI Raw CI Raw CI Raw CI Raw

Naming (SD) 8.7 (6.2) 13/13 (100%) 19.9 ***/‡ (3.3) 20/20 (100%) 23.2 ***/† (4.2) 8/12 (67%) 23.5 ***/†† (3.5) 18/25 (72%) 18.5 **/‡ (5.5) 13/13 (100%) 27.1 (1.9)
Word Comprehension

(SD)
23.4 (8.0) 6/13 (46%) 28.1 ‡ (1.4) 3/20 (15%) 29.3 **/† (1.0) 0/12 (0%) 28.0 ‡‡ (1.3) 3/24 (13%) 25.4 ‡‡ (4.0) 6/13 (46%) 28.9 (1.3)

Repetition (SD) 28.9 (1.9) 3/13 (23%) 27.4 (3.4) 7/20 (35%) 26.8 * (2.9) 6/12 (50%) 29.6 †††/‡‡‡ (0.9) 1/23 (4%) 29.2 ‡ (1.0) 1/13 (8%) 29.0 (1.1)
Semantic Association

(SD)
19.7 (6.9) 10/13 (77%) 25.5 ** (3.6) 10/20 (50%) 28.3 *** (1.2) 0/12 (0%) 26.1 **/‡ (2.8) 7/25 (28%) 22.2 ‡‡‡ (4.1) 10/13 (77%) 28.6 (1.8)

Note. Data are reported as raw mean test scores (Raw) (SD) and number of clinically impaired (CI > 1.5 SD below control mean). PPA = primary progressive aphasia; sv-PPA =
semantic variant PPA; lv-PPA = logopenic variant PPA; nfv-PPA = nonfluent variant PPA; MCI = mild cognitive impairment; AD = Alzheimer’s dementia. SYDBAT-NL = Dutch version
of the SYDBAT.

Statistical significance (vs. sv-PPA): * = p < .05. ** = p < .01. *** = p < .001 (corrected for multiple comparisons).

Statistical significance (vs. lv-PPA): † = p < .05. †† = p < .01. ††† = p < .001 (corrected for multiple comparisons).

Statistical significance (vs. nfv-PPA): ‡ = p < .05. ‡‡ = p < .01. ‡‡‡ = p < .001 (corrected for multiple comparisons).
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Semantic Association (U = 59.5, z = −2.61, p = .009, r =
−.45) subtests compared to lv-PPA patients. Compared to
nfv-PPA, sv-PPA patients scored significantly lower on
Naming (U = 3.5, z = −4.06, p < .001, r = −.81), Seman-
tic Association (U = 13.5, z = −3.54, p < .001, r = −.71),
and Word Comprehension (U = 21.5, z = −3.17, p = .002,
r = −.63). Lv-PPA patients performed worse on both the
Naming (U = 60.5, z = −2.33, p = .02, r = −.41) and Word
Comprehension (U = 61.5, z = −2.37, p = .018, r = −.42)
subtests compared to nfv-PPA patients.

PPA Subtypes Versus MCI and AD
A Kruskal–Wallis test that compared the SYDBAT

subtests between PPA and non-PPA patients showed signifi-
cant differences on Naming, H(4) = 39.45, p < .001; Repeti-
tion, H(4) = 20.48, p < .001; Word Comprehension, H(4) =
16.95, p < .01; and Semantic Association, H(4) = 25.57, p <
.001. On follow-up Mann–Whitney U tests that compared
the specific PPA and non-PPA patient subtypes, significant
profile differences were observed.

When comparing lv-PPA with MCI, scores on the
Word Comprehension and Semantic Association subtests
were similar for both groups, yet lv-PPA patients scored
significantly lower on the Naming (U = 111.5, z = −3.18,
p = .001, r = −.47) and Repetition (U = 90.0, z = −3.64,
p < .001, r = −.55) subtests. No significant differences in
SYDBAT performance were observed between patients with
lv-PPA and AD after correction for multiple comparisons.

Sv-PPA patients had significantly lower scores than
MCI patients on the Naming (U = 4.0, z = −4.89, p < .001,
r = −.79) and Semantic Association (U = 58.0, z = −3.24,
p = .001, r = −.52) subtests. Compared to AD patients, sv-
PPA patients performed worse only on the Naming subtest
(U = 19.5, z = −3.35, p = .001, r = −.66).

In contrast, nfv-PPA patients had a lower performance
only on the Repetition subtest compared to MCI patients
(U = 42.5, z = −3.60, p < .001, r = −.61), whereas MCI pa-
tients had a lower score on Word Comprehension (U = 63.5,
z = −2.80, p = .005, r = −.47) and Semantic Association
(U = 73.5, z = −2.52, p = .012, r = −.41). This same pattern
of differences was present when comparing nfv-PPA to AD,
where AD patients scored lower on Word Comprehension
(U = 23.5, z = −3.05, p = .002, r = −.61), Semantic Associa-
tion (U = 11.5, z = −3.65, p < .001, r = −.73), but also
Naming (U = 35.5, z = −2.33, p = .020, r = −.47). Nfv-PPA
patients, however, had significantly lower scores on the Rep-
etition subtest (U = 35.0, z = −2.40, p = .016, r = −.48).

Discriminant Function Analysis
PPA Subtypes

Next, a discriminant function analysis based upon the
Naming and Semantic association subtests was performed,
which significantly differentiated the PPA variants, Λ = 0.33,
χ2(4) = 46.4, p < .001, with the cross-validated classifica-
tion resulting in 77.8% of cases (35/45) correctly classified
(canonical R2 = .67). The majority of classification errors
involved the distinction between lv-PPA and nfv-PPA, where
208 Journal of Speech, Language, and Hearing Research • Vol. 65 • 2
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50% of the nfv-PPA cases were incorrectly classified as lv-
PPA based on this analysis. Repeating the discriminant
function analysis including all SYDBAT subtests yielded
a lower cross-validated classification result (68.9%), showing
the two extra subtests (Repetition and Word Comprehen-
sion) to be redundant for this analysis.

Despite its ability to establish classification accuracy
in a statistically sound way, the clinical interpretability of
a discriminant function analysis may not be very straight-
forward. For this purpose, diagnostic decision rules were
created based on cutoff scores with the highest predictive
ability (i.e., 39/45 patients who were correctly classified),
as these outperformed rules based on clinical impairment
scores (z scores of 1.5 SDs below average). This resulted in
the following diagnostic decision rules that were used to
set up a diagnostic decision tree (see Figure 3).

1. If the Semantic Association score is 26 or lower and
the Naming score is 15 or lower, the most likely di-
agnosis is sv-PPA. This simple rule correctly identified
12 out of 13 (92%) sv-PPA cases, whereas no patients
diagnosed with the other variants were misclassified
as having sv-PPA (i.e., 0% false positives). A diagnosis
of sv-PPA is further supported by preserved repetition
and a relatively normal performance on neuropsycho-
logical tests such as the TMT and nonverbal memory
measures like the Location Learning Test–Revised.

2. If the Naming score is 24 or lower and Repetition
score is 24 or higher, the diagnosis is most likely lv-
PPA. With this rule, 18 out of 20 (90%) lv-PPA patients
were correctly classified. However, it also resulted
in the highest false-positive rate (one sv-PPA and
four nfv-PPA cases), leading to a specificity of 80%.
Impaired scores on other neuropsychological tests
such as digit span and letter fluency further support
the diagnosis of lv-PPA.

3. If either the Naming score is higher than 24 or Repe-
tition is severely impaired (i.e., score < 24), the diag-
nosis is most likely nfv-PPA. Application of this rule
correctly classified eight out of 12 nfv-PPA patients
and resulted in only two false-positive cases (6%). This
diagnosis is supported by relatively high scores on
the Word Comprehension and Semantic Association
subtests.
PPA Versus MCI and AD
Again, a discriminant function analysis based upon

the Naming and Semantic Association subtests was con-
ducted, only this time for all PPA and non-PPA patient
subtypes. While the predictive capacity of this function was
significant, the cross-validated classification resulted in only
50.6% of cases (42/83) correctly classified, Λ = 0.37, χ2(8) =
77.2, p < .001, canonical R2 = .59. The majority of classifi-
cation errors were made in the nfv-PPA group, where cases
were incorrectly classified as having either MCI (66.7%) or
lv-PPA (33.3%) based on this discriminant function analysis.
Also, with this algorithm, 77% of the AD patients were
00–214 • January 2022
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Figure 3. Decision tree for diagnosing primary progressive aphasia (PPA) subtypes for when PPA is an established diagnosis. sv-PPA =
semantic variant PPA; lv-PPA = logopenic variant PPA; nfv-PPA = nonfluent variant PPA.
misclassified as having either MCI (46%), sv-PPA
(15.4%), or lv-PPA (15.4%).

Construct Validity and Reliability
The assessment of construct validity over the whole

patient sample showed a good convergent validity for Naming
(SYBDAT-Naming vs. BNT: rs = .84, p < .001), Repetition
(SYBDAT-Repetition vs. CAT-NL-Repetition: rs = .56, p <
.001), and Semantic Association (SYBDAT-Semantic As-
sociation vs. SAT: rs = .59, p < .001). A moderate-to-good
convergent validity was found for Word Comprehension
(SYBDAT-Word Comprehension vs. CAT-NL-Word Com-
prehension: rs = .38, p < .001).

Divergent validity analyses showed significant corre-
lations between the SYDBAT-NL Naming, Word Compre-
hension, and Semantic Association subtests (rs between .44
and .74, p < .001). Also, significant correlations were found
between these three SYDBAT-NL subtests and the SAT,
CAT-NL Word Comprehension subtest, and the BNT (rs
between .4 and .66, p < .05). No significant correlations
were found between the SYDBAT-NL Repetition subtest
and the SAT, the CAT-NL Word Comprehension subtest,
and the BNT after correction for multiple comparisons (all
p values > .046). All correlations for convergent and diver-
gent validity are shown in Table 4.

A discriminant function analysis based upon the BNT
and SAT was performed, which significantly differentiated
the PPA variants, Λ = 0.29, χ2(4) = 34.1, p < .001, with the
cross-validated classification, resulting in 61.3% of cases cor-
rectly classified (canonical R2 = .69). Repeating the discrimi-
nant function analysis including all construct validity (sub)
tests yielded a slightly higher cross-validated classification
result (68.2%), yet not higher than both the cross-validated
classification results based on the SYDBAT subtests.

The Naming, Repetition, and Semantic Association
subtests of the SYDBAT-NL all had high reliabilities with
Downloaded from: https://pubs.asha.org 213.127.40.108 on 02/02/2022, 
Cronbach’s α of .81, .84 and .78, respectively. The Word
Comprehension subtest had lower reliability, Cronbach’s
α = .64.
Discussion
In this study, the diagnostic value of the SYDBAT-NL

was assessed in samples of patients with PPA or non-PPA
cognitive decline (AD and MCI patients) and cognitively
unimpaired controls. As hypothesized, different SYDBAT
performance patterns were found across PPA and non-PPA
patient groups. While a discriminant function analysis based
on SYDBAT subtest scores could predict PPA subtype with
77.8% accuracy, it was more difficult to disentangle PPA
from non-PPA patients on SYDBAT scores alone. To assist
clinical interpretation, simple rules were set up and trans-
lated into a diagnostic decision tree for subtyping PPA,
which was capable of diagnosing a large proportion of the
cases. This diagnostic tree resulted in very high specificity
for the sv-PPA (100%) and nfv-PPA (94%) subtypes, whereas
the lv-PPA subtype showed a higher sensitivity (90%) com-
pared to specificity (84%).

To examine impairment profiles per patient group,
SYDBAT scores were classified as either clinically impaired
or unimpaired, based on a threshold of 1.5 SDs below the
cognitively unimpaired control group mean. As expected,
none of the nfv-PPA patients showed impaired scores on the
Semantic Association or Word Comprehension subtests
(Gorno-Tempini et al., 2011). It is worth noting that a third
of the nfv-PPA patients scored within the normal limits on
the Naming subtest, providing a clear distinction from the
two other PPA variants. Even though nfv-PPA patients typ-
ically present with effortful speech and production errors,
their performance on naming tasks that require single-word
production in response to a target can be relatively pre-
served (Graham et al., 2004).
Janssen et al.: SYDBAT in Primary Progressive Aphasia 209
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Table 4. Construct validity of the Dutch version of the SYDBAT.

SYDBAT subtest BNT (n = 71)
Word Comprehension CAT-NL

(n = 58)
Word Repetition CAT-NL

(n = 49) SAT (n = 53)

Naming .84** .40** .3 .38*
Word Comprehension .49** .38* −.22 .48**
Repetition −.21 −.36* . 56** −.25
Semantic Association .49** .66** −.33 .65**

Note. Data are reported as Spearman’s rank correlations (rs). BNT = Boston Naming Test; CAT-NL = Comprehensive Aphasia Test; SAT =
Semantic Association Test.

Statistical significance: *p < .05. **p < .01.
In contrast, sv-PPA patients showed the opposite pat-
tern in which tasks that require semantic knowledge were af-
fected most. All had a clinically impaired Naming score, and
10 out of 13 (77%) also had an impaired score on Semantic
Association. Based on the diagnostic rules, these two sub-
tests together correctly predicted 92% of the sv-PPA cases.
Only one sv-PPA patient was misclassified as lv-PPA due
to mild naming and semantic deficits. This patient may have
been identified with tests involving the naming and compre-
hension of very low frequency nouns (e.g., proper names)
not included here.

Most predictive errors were made between nfv-PPA
and lv-PPA variants, as three nfv-PPA patients were mis-
classified as lv-PPA and two lv-PPA patients were misclas-
sified as nfv-PPA. This is in line with previous studies
reporting the distinction between these two variants to be
the most challenging, as they present with overlapping char-
acteristics and the differentiation of key linguistic features
requires considerable expertise (Croot et al., 2012). At the
same time, the distinction between lv-PPA and nfv-PPA is
relevant to clinical practice, since the majority of lv-PPA
patients have underlying Alzheimer’s disease pathology, while
nfv-PPA is strongly linked to frontotemporal lobar degenera-
tion tau pathology (Gorno-Tempini et al., 2011). This stresses
the importance of a more extensive neuropsychological inves-
tigation, including tasks of episodic memory, emotion pro-
cessing, and executive functioning (Eikelboom et al., 2018;
Piguet et al., 2015) and the development of new tests for dis-
criminating between these variants. The current study pro-
vides preliminary recommendations regarding the use of
these broad neuropsychological tests, which will require
further validation in future research. Especially in the early
stages of the disease, when global cognition is typically still
preserved, more sensitive measures than global cognitive mea-
sures such as the MoCA will need to be developed.

We aimed to create a short and easy-to-administer lan-
guage screener that can be widely used in memory clinics. As
such, the SYDBAT measures language at the single-word
level and arguably does not capture all aspects of language
and communication. Specifically, while no differences were
found between lv-PPA and nfv-PPA on word comprehension,
a difference is likely to emerge at the sentence level, with
difficulties arising from different aspects of the sentences—
grammatical complexity in nfv-PPA and length of utterances
210 Journal of Speech, Language, and Hearing Research • Vol. 65 • 2
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in lv-PPA. Utilizing this difference in underlying mechanisms
to create a sentence comprehension test in which these differ-
ences result in different scores will be fruitful in distinguishing
nfv-PPA from lv-PPA.

Similarly, a more extensive assessment of repetition
deficits may shed light on the differences between lv-PPA
and nfv-PPA. Performance on the SYDBAT Repetition
subtest showed no difference between lv-PPA and nfv-PPA
subtypes, with half of the nfv-PPA patients and less than
half of the lv-PPA patients (7/20) showing a clinical im-
pairment on this subtest. While both subtypes thus show
repetition errors, the underlying mechanism causing these
errors is likely to be different, since the impairments in word
repetition in lv-PPA patients are likely to reflect a phono-
logical rather than the articulatory impairment that typifies
nfv-PPA (Leyton, Savage, et al., 2014). Moreover, the rep-
etition impairments in lv-PPA may be more prominent in
tasks that measure repetition at the sentence level, as a pho-
nologic short-term memory deficit is thought to be a key
cognitive mechanism underlying deficits in lv-PPA. For the
SYDBAT Repetition subtest, both articulatory as well as
phonological errors are counted as errors (see Supplemental
Material S1 for the SYDBAT scoring instructions). Future
studies are necessary to determine whether a qualitative
analysis of the SYDBAT Repetition errors in both lv-PPA
and nfv-PPA patients or the addition of a sentence repeti-
tion test might aid in the differentiation of these variants,
especially because previous studies suggest that this could
possibly be used as a clinical marker for underlying amy-
loid burden in PPA (Leyton, Ballard, et al., 2014).

Lastly, subtest items of the SYDBAT are divided in
three blocks of difficulty based on lexical frequency. Previ-
ous studies (Savage et al., 2013) and the current study do
not use difficulty based on lexical frequency as a predictor
in their analyses due to the goal of creating a short screen
that can be easily administered, scored, and interpreted in
clinical practice (in which cutoff scores are often preferred).
However, it would be interesting for a future study to
assess whether item difficulty based on lexical frequency
is reflected in patient scores and whether sensitivity and
specificity would be improved by including, for example,
only the most difficult items of the SYDBAT. In addi-
tion, using only the most difficult items of the SYDBAT
could be beneficial for improving internal consistency of
00–214 • January 2022
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the SYDBAT subtests, especially for the Word Comprehen-
sion subtest.

In addition to the PPA profiles, this study is one of the
first to report on the SYDBAT in a non-PPA patient sam-
ple. The SYDBAT profiles of the non-PPA patient group
(MCI and AD), showing Naming and Semantic Association
scores to be lowest with relatively preserved Repetition, are
in agreement with previous findings reporting deficits in
confrontation naming as well as semantic tests like cate-
gory fluency, semantic categorization, and lexical decision
in this group (Taler & Phillips, 2008). Even though Naming
and Semantic Association scores were significantly lower in
the AD group compared to the MCI group, MCI patients
performed significantly lower than cognitively unimpaired
controls. This confirms increasing evidence that language
deficits begin several years before the onset of AD dementia
(Auriacombe et al., 2006) and that differences in language
features between AD and MCI reflect predominantly quan-
titative instead of qualitative differences (Jokel et al., 2019).
Earlier studies (Alexopoulos et al., 2006) have shown that
individuals with multidomain MCI, including language defi-
cits, are more likely to develop AD than those with an iso-
lated memory deficit. Clarification of the nature of language
impairment and development of sensitive measures for lan-
guage impairment in these patient groups, therefore, consti-
tute essential tools for the early detection of AD (Taler &
Phillips, 2008; Vonk et al., 2020). The application of the
SYDBAT could therefore possibly be useful in the diagnos-
tic process of MCI and AD.

The comparison between the SYDBAT profiles of our
PPA and non-PPA patients showed a large amount of over-
lap between groups. MCI patients presented with a similar
profile as lv-PPA patients on the semantically based subtests
(Naming, Word Comprehension, and Semantic Associa-
tion). The profile of AD patients greatly overlapped with
that of sv-PPA patients, with the exception of Naming, on
which sv-PPA patients scored significantly lower than AD
patients. As a result, it may be difficult to differentiate
MCI, AD, and PPA based on cross-sectional SYDBAT
scores alone, which was also confirmed by the discriminative
analysis for all groups resulting in a cross-validated classifica-
tion accuracy of 50.6%. A future study that includes both
cognitive and language data in a discriminant analysis may
be useful to determine whether this results in a higher clas-
sification accuracy. It should be noted, however, that the
SYDBAT is intended for use as a first screen in patients
visiting memory clinics, in which language is generally not
assessed in detail. While the ease of use of the SYDBAT
will facilitate its use in clinical practice, SYDBAT scores
below cutoff warrant the use of additional, more in depth,
approaches to language assessment and the assessment of
other cognitive domains in these groups, which may prove
more fruitful in the early differential diagnosis. For exam-
ple, longitudinal assessment using the SYDBAT might be
more informative, as language abilities have been shown
to decline faster in PPA compared to AD (Blair et al., 2007).
In addition, tests that measure semantic abilities at a more
precise level than standardized semantic tasks, for example,
Downloaded from: https://pubs.asha.org 213.127.40.108 on 02/02/2022, 
by looking at semantic interference (Vandenberghe et al.,
2005), might show more fine-grained distinctions between
AD, MCI, and PPA.

An examination of psychometric properties showed
good reliability and validity measures for the SYDBAT,
yet future studies are needed to confirm these properties in
larger samples. Cronbach’s alpha indicates that the SYD-
BAT has high levels of internal consistency, especially for
the Naming, Repetition, and Semantic association subtests.
Convergent construct validity was supported by moderate-
to-large positive correlations between SYDBAT performance
and performance on the standardized tests: the BNT, the
CAT-NL, and the SAT. Divergent validity analyses showed
all measures of Naming, Word Comprehension, and Se-
mantic Association to be positively correlated, which could
be explained by the fact that all these subtests contain a
semantic component. As expected, however, the Repetition
subtest was unrelated to any of the semantically based
subtests, confirming the divergent validity to be acceptable.
As hypothesized, in terms of PPA classification, the SYD-
BAT outperforms commonly used language tests that have
been primarily developed for the assessment of aphasia
syndromes after stroke. This suggests tests that are specifi-
cally designed and validated for the PPA population, like
the SYDBAT, to be a useful and desirable element in the
diagnostic process of PPA in a clinical setting.

The limitations of our study lie in the relatively small
sample sizes and the reliance on clinical diagnosis that can
limit the validity because of potential misclassification. How-
ever, it should be noted that large study samples of PPA
patients are relatively rare given the low prevalence of PPA
(Matías-Guiu & García-Ramos, 2013) and the sample size
of the current study is similar to that used in previous studies
(Savage et al., 2013). Also, the combination of complemen-
tary clinical diagnostic tools such as MRI, cerebrospinal
fluid analysis, and neuropsychological assessment, as used
in our patient sample, can assure a good diagnostic reli-
ability in the clinical assessment of PPA (Grand et al., 2011).
The risk of misclassification was thus minimized as much
as possible in the current study. Finally, the SYDBAT and
other neuropsychological tests were administered concur-
rently for the majority of the patients. One could argue that
this bears the risk of circularity. However, the clinical diag-
noses were primarily based on the elaborative language
assessment using established language tests, available neuro-
imaging, and/or other biomarkers in a multidisciplinary
way.

It should be noted that the SYDBAT is not designed
to determine an individual’s full linguistic profile. An ex-
tensive diagnostic assessment, therefore, is still required to
measure and observe all the important characteristics of
speech, including agrammatism and apraxia of speech. In
addition, since the items consist of nouns only, the compre-
hension and repetition of single words as measured by the
subtests of the SYDBAT might be intact in the early stages
of the disease (Leyton et al., 2013). Therefore, the compre-
hension of more complex grammatical structures and the
repetition of phrases and sentences should be included in a
Janssen et al.: SYDBAT in Primary Progressive Aphasia 211
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subsequent more extensive neuropsychological or linguistic
assessment.

To conclude, the SYDBAT is a promising screening
instrument developed to address the paucity of simple and
short tools suitable for neuropsychological assessment to
help discriminate between the three variants of PPA. A di-
agnostic decision tree was developed to assist clinicians to
determine PPA subtype in a straightforward way. The
SYDBAT profiles of AD and MCI patients support previ-
ous work that suggests language impairments to be frequent
and primarily semantic in nature, yet based on the SYD-
BAT alone it was difficult to differentiate PPA from MCI
and AD. Despite the SYDBAT’s limitations, combining it
with the outcome of other language and cognitive tests may
aid to improve the diagnostic accuracy of PPA and its sub-
types in a memory clinic setting.
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