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Abstract—Objective: To differentiate frontotemporal dementia (FTD) subtypes from each other and from probable Alzheimer disease (AD) using neuropsychological tests. Methods: Patients with FTD and AD (n ⫽ 109) were studied with a
comprehensive neuropsychological protocol at first contact. Data were subjected to a principal components analysis (PCA)
to extract core neuropsychological features. A five-factor solution accounted for 72.89% of the variance and yielded factors
related to declarative memory, working memory/visuoconstruction, processing speed/mental flexibility, lexical retrieval,
and semantic memory. Results: Between- and within-group analyses revealed that patients with AD obtain their lowest
scores on tests of declarative memory while semantic dementia (SemD) patients are particularly disadvantaged on tests of
semantic memory. On tests of processing speed/mental flexibility time to completion was faster for social comportment/
dysexecutive (SOC/EXEC) patients, but these patients made more errors on some tests. Patients with corticobasal
degeneration (CBD) and progressive nonfluent aphasia (PNFA) were impaired on tests of working memory. Logistic
regression analyses using factor scores successfully assigned FTD subgroups and AD patients into their respective
diagnostic categories. Conclusion: Patients with differing frontotemporal dementia phenotypes can be distinguished from
each other and from Alzheimer disease using neuropsychological tests.
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A variety of frontotemporal dementia (FTD) phenotypes have been identified1-5: a social/executive (SOC/
EXEC) syndrome, semantic dementia (SemD),
progressive non-fluent aphasia (PNFA), and corticobasal degeneration (CBD 6,7). Past neuropsychological studies have focused on distinguishing FTD from
Alzheimer disease (AD).1 Indeed, clinical-pathologic
studies have confirmed distinct neuropsychological
patterns in patients with autopsy-proven FTD compared to AD.8 Less attention has been devoted to the
identification of neuropsychological measures that
might distinguish FTD phenotypes from each
other.2,9-12 The major goals of the present research
are to assess whether neuropsychological assessment
can distinguish between AD and FTD, and between
FTD phenotypes.
In this study, neuropsychological assessment was
obtained on patients with FTD subgrouped according
to their phenotype and compared to patients with
AD. Neuropsychological data were first subjected to
an exploratory principal components analysis (PCA).
PCA-composite indices were used to categorize patients into their clinical subgroup. We expected that
PCA indices would be able to distinguish the various
FTD phenotypes from each other and from AD.
Based on prior research,8-12 we predicted that patients with SOC/EXEC disorder would be impaired

on tests of executive control. Patients with PNFA
were expected to be impaired on lexical retrieval
tests. Patients with SemD were predicted to present
with impairment on tests that depend on semantic
memory. Patients with AD were expected to be most
impaired on tests of declarative memory.
Methods. Patients. Data were drawn from a group of 239 patients. A total of 135 participants had complete neuropsychological
protocols. Of this group, 26 participants were excluded because of
a diagnosis other than AD or FTD (Lewy body dementia ⫽ 8,
vascular dementia ⫽ 1, amyotrophic lateral sclerosis ⫽ 1, mild
cognitive impairment ⫽ 5) or an atypical presentation of AD (ADfrontal variant ⫽ 2; AD visual variant ⫽ 9). A total of 109 participants with complete neuropsychological protocols and a clinical
diagnosis of AD or FTD were studied. All patients were evaluated
and recruited from the Department of Neurology, University of
Pennsylvania. Subsequently, at least two trained reviewers of a
consensus committee confirmed the presence of specific diagnostic
criteria and also assigned patients to an FTD subgroup based on
an independent review of the semi-structured history, a detailed
neurologic examination, and a recently developed, brief, but standardized mental status examination (The Philadelphia Brief Assessment of Cognition [PBAC]). The PBAC consists of 20
individual tests that assess executive functioning (e.g., digit span,
single letter fluency [letter F], alternating patterns), language
(e.g., naming, repetition, single word and sentence comprehension, speech, reading, and writing), visual perceptual-spatial functioning (e.g., judgment of line orientation, lateral neglect, face
recognition, complex figure reproduction), and memory (verbal
and visual episodic memory). Of the subtests contained in the
PBAC only paradigms measuring digit span and letter fluency
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tests were in common with our full neuropsychological protocol.
However, these exact digit and letter fluency tests contained in
the PBAC are different as compared to the full neuropsychological
protocol. Thus, every reasonable precaution was taken to avoid
the circularity of using the same neuropsychological tests to both
identify and then classify patients into their respective groups.
The subgroups were classified based on published criteria3 that
have been modified to improve reliability.10,13 When there was
disagreement between reviewers (about 19% of cases), the case
was discussed by the entire committee to arrive at a consensus
diagnosis. On a different occasion trained technicians administered a detailed neuropsychological protocol comprised of different
tests. This formal neuropsychological evaluation, described in detail below, was not used to diagnose these patients and the diagnosing neurologist was blind to patient performance on the
neuropsychological evaluation. These patients and their legal representatives participated in an informed consent procedure approved by the Institutional Review Board at the University of
Pennsylvania.
Among the participants in this study, 38 patients were given a
clinical diagnosis of AD based on National Institute of Neurologic
and Communicative Disorders and Stroke–AD and Related Disorders Association criteria.13 In brief, this included a progressive
syndrome involving prominent episodic memory difficulty, associated with circumlocutory speech, a visual constructional impairment, or limited executive control. Patients with AD with either
an unusual presentation or who were classified as presenting with
an AD visual or frontal lobe variant were excluded.
Another 71 patients were clinically diagnosed with FTD, according to published criteria.14,15 Our sample included 16 patients
with a SOC/EXEC profile. These patients presented with significant social and behavioral difficulties, and alterations of executive
functioning. Our sample also included 13 PNFA patients. These
patients had effortful speech that may be associated with dysarthria, phonemic substitutions, or impaired grammatic comprehension, but relatively good single word comprehension. Eighteen
patients were diagnosed with SemD. The language disorder of
these patients was characterized by fluent and circumlocutory
spontaneous speech that was often empty in content with a prominent naming deficit and was associated with difficulty understanding single words and objects. Finally, 24 patients were
diagnosed with CBD based on criteria derived from clinicalpathologic studies reported in the literature and our own autopsy
series.16-18 These patients had apraxia, gait difficulty, and a lateralized extrapyramidal disorder (e.g., unilateral limb rigidity, myoclonus, dystonia, alien hand phenomena).
The initial clinical diagnosis of a neurodegenerative disease
was consistent with the results of serum studies, structural imaging studies such as MRI or CT, studies of CSF (when available),
and clinical functional neuroimaging studies such as SPECT or
PET (these studies were not available to the consensus committee). Exclusion criteria included the presence of other neurologic
conditions such as stroke or hydrocephalus (as determined by
imaging studies reviewed by MG), primary psychiatric disorders
such as depression or psychosis, or a systemic illness that can
interfere with cognitive functioning. Many of these patients were
taking a fixed dosage of an acetylcholinesterase inhibitor (e.g.,
donepezil, rivastigmine, or galantamine). Some of these patients
also may have been medicated with a low dosage of a nonsedating
antidepressant (e.g., serotonin-specific re-uptake inhibitors such
as sertraline) or an atypical neuroleptic agent (e.g., quetiapine), as
indicated clinically, but none of the patients demonstrated any
evidence of sedation suggesting overmedication.
Table 1 summarizes the demographic features of these patients. A multivariate analysis of variance (MANOVA) indicated
no differences in education, disease, duration, or performance on
the Mini-Mental State Examination.19 A between-group difference
was present only for age (F ⫽ [4, 104] ⫽ 5.14, p ⬍ 0.001), such
that patients with AD were older than SOC/EXEC patients (p ⬍
0.001). Patients with PNFA were older than SOC/EXEC patients
(p ⬍ 0.005).
Neuropsychological protocol. All patients were assessed with
the following neuropsychological tests. This protocol was constructed so that major areas of potential cognitive disability were
assessed.
Wechsler Adult Intelligence Scale–Revised Digit Span subtest.
Forward and backwards span was assessed using standardized
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Table 1 Demographic information
Age,
y
AD

71.71 (9.29)

Education,
Illness
y
duration, mo

MMSE

14.45 (3.05) 46.13 (26.65) 23.16 (5.08)

SOC/EXEC 60.06 (11.25) 15.38 (3.56) 38.37 (30.78) 24.13 (4.66)
PNFA

72.23 (6.60)

13.31 (2.56) 32.31 (18.01) 24.23 (6.37)

SemD

67.83 (9.68)

15.69 (3.36) 40.61 (19.42) 25.00 (3.65)

CBD

68.71 (7.93)

15.00 (3.30) 44.35 (27.87) 22.58 (5.40)

Values are mean (SD).
MMSE ⫽ Mini-Mental State Examination; AD ⫽ Alzheimer
disease; SOC/EXEC ⫽ dysexecutive/social subgroup; PNFA ⫽
progressive nonfluent aphasia; SemD ⫽ semantic dementia;
CBD ⫽ corticobasal degeneration.

instructions. The longest forward and backward spans were the
two dependent variables derived from this test.20
Letter fluency. Patients were given 60 seconds to generate
words, excluding proper nouns and numbers, beginning with a
specified letter (“FAS”). The dependent variable was the number
of responses summed across the three letters.21
Trail Making Test, Part B. This test was administered using
standard procedures, i.e., patients were asked to draw a line alternating between numbers and letters (i.e.,1-A-2-B). Errors were
pointed out to the patients when they occurred. Patients were
given up to 300 seconds and asked to draw a line alternating
between numbers and letters (i.e., 1-A-2-B). The dependent variable was the total time to completion.22
Stroop Color-Word Interference Test. Patients were shown
the words red, blue, yellow, and green in discordant colors and
were asked to name the color ink rather than read the words. The
dependent variable was time to completion.23,24
Boston Naming Test. Visual confrontation naming was assessed with a 15-item version of the Boston Naming Test.25,26 The
stimuli were equally divided among high frequency, midfrequency, and low frequency items. Patients were given as much
time as they needed to respond. The dependent variable was the
total number of correct responses.
Animal fluency. The animal fluency task27 was administered
by asking patients to produce as many names of animals as possible in 60 seconds. The dependent variable was the total number of
responses, excluding perseverations and extra-category intrusion
responses.
Semantic Category Membership Task. To assess semantic
knowledge with a simple task that requires little expression and
minimizes executive resource demands, patients were asked to
judge the semantic category membership of individually presented
stimuli in response to a simple probe (“Is it an X?”).28 One target
category was tools and the other target category was vegetables.
Half of the stimuli in each category were targets and half foils,
and half of each category of stimuli was printed words and half
color photographs (matched for frequency, familiarity, and visual
complexity across categories). Stimuli were presented in a manner
blocked by category and material. Patients were given as much
time as they needed to complete the task. Performance on this
task has been validated by behavioral and SPECT correlation
studies in patients with AD with impaired semantic memory.29
The dependent variable was the number of correct responses.
Geometric Figure Copy. To assess visuoconstructional ability
patients were asked to copy four geometric designs graded in their
perceptual-spatial complexity.26 Performance was evaluated on an
11-point scale.
Verbal Serial List Learning Test. Verbal memory and learning were assessed with a 10-word list administered over three
trials.26 Delayed free recall for this list was assessed after a filled
delay. This was followed by a delayed recognition test where the
10 original words were intermixed with 10 novel words. Patients
were asked to simply identify which words were on the original
word list. Four dependent variables were coded—the number of
words recalled on trial 1, trial 3, and the delayed free recall test
condition. The dependent variable on the recognition test was the

Table 2 Descriptive statistics for neuropsychological tests

Digits forward
Digits backward
Letter fluency
Figure copy

AD

SOC/EXEC

PNFA

SemD

CBD

6.13 (1.28)

6.12 (1.59)

5.46 (1.81)

5.56 (1.65)

5.93 (1.51)

3.89 (1.41)

4.31 (1.49)

3.31 (1.32)

4.06 (1.39)

3.00 (1.50)

24.52 (11.03)

26.12 (14.61)

13.07 (7.80)

25.66 (13.42)

19.25 (13.20)

9.50 (1.74)

9.19 (1.83)

8.92 (1.26)

10.39 (1.14)

6.33 (3.56)

Stroop Interference

220.18 (77.95)

159.87 (92.73)

228.30 (77.98)

237.83 (96.99)

218.25 (94.52)

Trail Making—Part B

242.31 (72.33)

170.87 (95.43)

228.07 (96.58)

235.83 (73.57)

215.83 (108.96)

11.58 (2.91)

12.44 (2.92)

12.38 (3.12)

10.44 (3.62)

11.58 (2.73)

Animal fluency

9.55 (5.73)

13.06 (6.19)

10.85 (5.86)

10.11 (4.87)

9.00 (4.82)

Semantic memory—correct
responses (words)

2.13 (1.07)

2.43 (1.03)

2.23 (1.16)

1.70 (1.21)

2.54 (0.72)

Semantic memory—correct
responses (pictures)

2.08 (1.22)

2.31 (1.25)

2.07 (1.25)

1.81 (1.32)

2.45 (1.02)

List learning—trial 1

2.63 (1.88)

3.69 (2.30)

3.23 (1.69)

2.39 (1.65)

3.29 (1.90)

List learning—trial 3

4.47 (1.91)

5.19 (2.23)

5.46 (3.04)

5.00 (2.40)

4.71 (1.97)

List learning—delayed recall

0.95 (1.27)

2.88 (2.58)

3.69 (2.36)

3.00 (2.63)

2.38 (1.93)

14.97 (2.97)

16.00 (4.21)

17.15 (3.69)

16.78 (2.39)

16.58 (2.92)

Boston Naming

List learning recognition
Values are mean (SD).

AD ⫽ Alzheimer disease; SOC/EXEC ⫽ dysexecutive/social comportment; PNFA ⫽ frontotemporal dementia primary nonfluent aphasia; SemD ⫽ semantic dementia; CBD ⫽ corticobasal degeneration.

number of original test items correctly identified combined with
the number of foils that were correctly rejected as members of the
original word list. Therefore, on the recognition test condition
scores ranged from 0 to 20.
Statistical analysis. Multiple comparisons were set at p ⬍
0.01. All statistical tests were two-sided. Normality assumptions
were verified for continuous data when analysis of variance or
multivariate analysis of variance was applied. To identify patterns
of neuropsychological tests, a principal components factor analysis
(PCA) using a varimax rotation (SPSS version 13) was conducted.
Factor loadings were accepted if they exceeded a threshold of
0.500, unless otherwise indicated. Composite indices were created
from each factor derived from the PCA from factor loading scores
using the SPSS default regression method. In addition, five multinomial logistic regression models were run to examine if the five
neuropsychological composite indices can distinguish FTD phenotypes from each other and AD. In each multinomial logistic regression model, only one factor was used to predict group
membership. A Likelihood Ratio Test was used to examine the
overall significance of each neuropsychological factor. The Wald
test was used to examine if each factor can distinguish between
patients constituting any two clinical groups.

Results. Descriptive statistics for the 14 dependent variables from the neuropsychological protocol described above
are displayed in table 2.
The principal components analysis (PCA) (with varimax
rotation) yielded a five-factor solution that accounted for
72.89% of the variance (table 3). Only eigenvalues of ⱖ1.00
were retained. All neuropsychological tests had at least
one factor loading of 0.500.
Factor 1 consisted of the four variables related to declarative memory. Span for digits forward and backwards,
output on tests of letter fluency, and performance on the
figure copy test loaded on Factor 2. This factor appears to
assess working memory/visuoconstructional ability. Factor
3 appears to be related to lexical retrieval and consisted of
performance on the Boston Naming Test and output on the
animal fluency test. Output on the letter fluency test and

delayed recognition of correct target items from the verbal
serial list learning test condition also loaded on this factor.
Factor 4 consisted of the two variables derived from the
Semantic Judgment Test and appears to be related to semantic memory. Finally, time to completion on the Trail
Making Test and the Stroop Color Interference Test loaded
on Factor 5. This factor might be best understood as measuring processing speed and mental flexibility.
Between-group analyses. Five neuropsychological composite indices were constructed directly from the factor
loading generated by the principle components solution in
the manner described above (table 4).
An initial multivariate analysis of variance yielded an
effect of group (F(20,378) ⫽ 3.84, p ⬍ 0.001). Individual
one-way analyses of variance yielded between-group differences for four of the five neuropsychological composite indices, i.e., declarative memory, p ⬍ 0.002; working
memory/visuoconstruction, p ⬍ 0.001; semantic memory,
p ⬍ 0.006; and processing speed/mental flexibility,
p ⬍ 0.006. There was no effect for group for the naming/
lexical retrieval index.
Follow-up analyses were conducted with Tukey tests.
All statistical information can be found in table 4. On the
declarative memory index, patients with AD obtained a
lower score than PNFA patients (p ⬍ 0.001). There was a
trend for patients with AD to perform worse on the semantic memory index compared to patients with CBD (p ⬍
0.098). SemD patients performed worse on the semantic
memory index compared to patients with CBD (p ⬍ 0.003).
Patients with CBD obtained a lower score on the working
memory/visuoconstruction index compared to patients
with AD (p ⬍ 0.002) and SemD (p ⬍ 0.014). Finally, on the
processing speed/mental flexibility index time to completion was faster for patients with SOC/EXEC compared to
the patients with SemD (p ⬍ 0.013). There was also a
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Table 3 Neuropsychological test performance: Factor structure
Factor 1:
declarative
memory

Factor 2:
working memory/
visuoconstruction

Factor 3:
lexical
retrieval

Factor 4:
semantic
memory

Factor 5:
processing
speed/mental
flexibility

Verbal list learning—trial 1

0.544*

0.371

0.005

0.494

⫺0.116

Verbal list learning—trial 3

0.668*

0.377

0.148

0.282

⫺0.174

Verbal list learning—delayed recall

0.874*

⫺0.008

0.148

0.009

⫺0.174

Verbal list learning—recognition

0.702*

0.008

0.390

0.190

0.007

Digits forward

⫺0.207

0.679*

0.112

0.219

⫺0.214

0.154

0.872*

⫺0.007

0.004

⫺0.213

Digits backwards

0.226

⫺0.002

⫺0.309

0.120

0.826*

0.110

⫺0.006

0.716*

0.150

⫺0.205

⫺0.001

0.199

0.851*

⫺0.005

0.004

0.102

0.808*

0.002

Letter fluency (“FAS”)

0.002

0.500*

0.603*

Figure copy

0.253

0.659*

0.134

Boston Naming Test

0.225

⫺0.008

Animal fluency

0.300

0.273

Semantic memory (words)

0.135

Semantic memory (pictures)

0.244

Trails—Part B

⫺0.140

⫺0.202

0.007

⫺0.009

0.856*

Stroop Interference

⫺0.007

⫺0.004

⫺0.444

0.006

0.718*

Eigenvalue
Percent variance

4.78

1.88

1.27

1.15

1.09

34.19

13.46

9.13

8.24

7.84

Total variance ⫽ 72.89%
* Performance contributing to a factor at a value ⬎0.500.

trend suggesting faster time to completion on processing
speed/mental flexibility tests for patients with SOC/EXEC
as compared to patients with AD (p ⬍ 0.024). While time to
completion on these tests was faster for patients with SOC/
EXEC compared to patients with AD, SOC/EXEC made
more errors on the Trails Making Test—Part B compared
to patients with AD (z ⫽ ⫺2.13, p ⬍ 0.016). Patients with
SOC/EXEC also exhibited a trend toward more errors on
the Trail Making Test—Part B compared to patients with
SemD (z ⫽ ⫺1.5, p ⬍ 0.066).
Within-group analyses. Poor performance on the declarative memory index was the outstanding feature for
the AD group (declarative memory ⬍ working memory/
visuoconstruction, p ⬍ 0.001; declarative memory ⬍ pro-

cessing speed/mental flexibility, p ⬍ 0.001; declarative
memory ⬍ lexical retrieval, p ⬍ 0.009). Patients with AD
also obtained a lower score on the semantic memory index
as compared to the working memory/visuoconstruction index (p ⬍ 0.018). The SOC/EXEC group obtained a worse
score on the processing speed/mental flexibility index as
compared to the lexical retrieval index (p ⬍ 0.011). There
was a trend suggesting worse performance on the processing speed/mental flexibility index as compared to the semantic memory index (p ⬍ 0.046). Patients with PNFA
scored lower on the working memory/visuoconstruction
(p ⬍ 0.005) and lexical retrieval indices (p ⬍ 0.013) as
compared to the declarative memory index. Patients with
SemD obtained a lower score on the semantic memory

Table 4 Factor analysis composite indices: Between-group comparisons
AD
Declarative memory

SOC/EXEC

PNFA

SemD

CBD

Group
follow-up tests

p

AD⬍PNFA

⬍0.001

CBD⬍AD

⬍0.002

CBD⬍SemD

⬍0.014

⫺0.43 (0.62)

0.13 (1.09)

0.79 (1.12)

0.24 (1.11)

⫺0.03 (1.11)

0.31 (0.82)

0.17 (1.05)

⫺0.42 (0.61)

0.36 (0.96)

⫺0.60 (1.09)

Working memory/visuoconstruction

Lexical retrieval

⫺0.05 (0.88)

0.27 (1.00)

⫺0.13 (0.84)

⫺0.06 (1.54)

⫺0.14 (0.79)

Semantic memory

⫺0.06 (0.93)

0.06 (0.92)

⫺0.21 (1.05)

⫺0.59 (1.03)

0.56 (0.81)

0.22 (0.78)

⫺0.64 (1.14)

0.03 (0.93)

0.45 (0.76)

⫺0.022 (1.14)

Processing speed/mental flexibility

NS
SemD⬍CBD

⬍0.003

AD⬍CBD

⬍0.098

DYSE⬎AD

⬍0.024

DYSE⬎SemD

⬍0.013

Values are mean (SD).
AD ⫽ Alzheimer disease; SOC/EXEC ⫽ dysexecutive/social subgroup; PNFA ⫽ progressive nonfluent aphasia; SemD ⫽ semantic
dementia; CBD ⫽ corticobasal degeneration; NS ⫽ not significant.
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Table 5 Logistic regression analysis
Reference group

Cognitive domain

OR

CI

Wald test

SOC/EXEC vs AD

B ⫽ 0.83

2.31

1.14–4.65

p ⬍ 0.019

PNFA vs AD

B ⫽ 1.23

3.44

1.60–7.38

p ⬍ 0.001

SemD vs AD

B ⫽ 0.90

2.46

1.26–4.79

p ⬍ 0.008

CBD vs AD

B ⫽ 0.85

2.34

1.24–4.40

p ⬍ 0.008

PNFA vs AD

B ⫽ ⫺1.02

0.35

0.16–0.77

p ⬍ 0.009

CBD vs AD

B ⫽ ⫺1.00

0.36

0.19–0.70

p ⬍ 0.003

B ⫽ 0.99

2.71

1.29–5.67

p ⬍ 0.008

B ⫽ ⫺1.15

0.31

0.15–0.65

p ⬍ 0.002

PNFA vs SOC/EXEC

B ⫽ 1.26

3.54

1.39–9.02

p ⬍ 0.008

SemD vs SOC/EXEC

B ⫽ 1.45

4.27

1.77–10.28

p ⬍ 0.001

B ⫽ 1.16

3.19

1.46–6.94

p ⬍ 0.003

B ⫽ 1.33

3.78

1.51–9.45

p ⬍ 0.004

B ⫽ 1.70

5.52

2.27–13.39

p ⬍ 0.001

AD group: declarative memory
(likelihood ratio test ⫺ X 2⫽ 16.41; df ⫽ 4; p⬍ 0.003)

AD group: working memory/visuoconstruction
(likelihood ratio test ⫺ X 2⫽ 15.17; df ⫽ 4; p ⬍ 0.004)

CBD group
SemD vs CBD
AD group: processing speed/mental flexibility
(likelihood ratio test⫺ X 2⫽ 16.18; df ⫽ 4; p ⬍ 0.003)
SOC/EXEC vs AD
SOC/EXEC group

AD group: semantic memory
(likelihood ratio test ⫺ X 2⫽ 20.86; df ⫽ 4; p ⬍ 0.001)
CBD vs AD
PNFA group
CBD vs PNFA
SemD group
CBD vs SemD

AD ⫽ Alzheimer disease; SOC/EXEC ⫽ dysexecutive/social comportment subgroup; PNFA ⫽ progressive nonfluent aphasia;
SemD ⫽ semantic dementia; CBD ⫽ corticobasal degeneration.

index as compared to the declarative memory index (p ⬍
0.011) and the working memory/visuoconstruction index (p
⬍ 0.019). Finally, patients with CBD obtained a lower
score on the working memory/visuoconstruction index compared to the semantic memory index (p ⬍ 0.001). Worse
performance on the processing speed/mental flexibility index vs the semantic memory index was also observed
(p ⬍ 0.006). Patients with CBD also obtained a lower score
on the naming/lexical retrieval index compared to the
semantic memory index (p ⬍ 0.007).
Multinomial logistic regression analyses. A series of
multinomial logistic regression analyses were conducted.
Multinomial regression analyses, rather than simple logistic regression analyses, were conducted because we sought
to assess the ability of neuropsychological test performance
to classify patients into their respective groups. A series of
five analyses were conducted with each patient group
coded to be the reference group, i.e., the group against
which the other four groups were compared. Thirteen comparisons reached significance (p ⬍ 0.010). Complete statistical information can be found in table 5. As an example,
the odds of being in the SOC/EXEC group vs in the AD
group increased by a factor of 2.3 for every one unit increase on declarative memory index. This implies that declarative memory can differentiate patients with SOC/
EXEC from patients with AD.

Table 5 indicates that performance on tests of declarative memory differentiated patients with AD from the four
subgroups of patients with FTD. The working memory/
visuoconstructional index differentiated patients with
PNFA or CBD from patients with AD, and differentiated
patients with CBD from patients with SemD. The processing speed/mental flexibility index correctly differentiated
patients with SOC/EXEC vs patients with AD, PNFA, and
SemD. Finally, the semantic memory index correctly categorized patients with SemD, AD, and PNFA vs patients
with CBD into their respective groups.

Discussion. Prior studies attempting to dissociate
patients with AD and FTD using neuropsychological
measures have produced mixed results. This is due,
in part, to several reasons, including the small
FTD sample sizes30-32; the use of brief cognitive
protocols 31-34; and the use of FTD groups with
mixed presenting symptoms. 32-38 Despite these
problems, some studies have shown greater impairment on executive control tests in FTD as compared to AD.37-38 Other researchers have reported a
relative dissociation, with FTD showing greater
impairment on tests of executive control and patients with AD showing greater impairment on
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tests of declarative memory.8,11-12 Several studies
have been able to differentiate FTD subtypes from
each other.2
Because we did not wish to make specific assumptions about the relationships between individual
neuropsychological tests and their underlying cognitive constructs, we first subjected our neuropsychological data to a principal components analysis
before undertaking any between- or within-group
analyses. This procedure permitted objective extraction of the core neuropsychological features that typify our sample as a whole while minimizing
confounds that can emerge because of the multidimensional nature of neuropsychological measures.
The goal of the PCA, therefore, was to control for the
multiple cognitive abilities that underlie all clinically
useful neuropsychological tests. Second, and equally
important, within-group analyses of the neuropsychological composite indices were undertaken to develop a set of neuropsychological composite indices
that might ultimately be associated with imaging or
other biomarkers that would help improve antemortem diagnosis of FTD.
Our between- and within-group analyses suggest
that each of the five patient groups is associated
with a specific profile of neuropsychological impairment. For example, patients with AD obtained particularly low scores on tests of declarative memory,
followed by poor performance on tests of semantic
memory. The declarative memory deficit in AD is
well known.39 Consistent with prior reports,2,12 patients with SemD presented with an opposite neuropsychological profile as compared to patients with
AD such that patients with SemD were significantly
more impaired on tests of semantic memory while
performance on tests of declarative memory was a
relative strength.
One of the strengths of the current research was
the emergence of separate factors related to working
memory/visuoconstruction vs processing speed/
mental flexibility. This suggests that the so-called
executive dysfunction associated with these dementia patients is actually quite rich, likely due to the
multidimensional nature of the executive resources
that can be functionally impaired in subgroups of
patients with FTD. The combination of digit span
and output on tests of letter fluency with geometric
figure copy may be difficult to understand at first.
However, recent research has shown that other dementia groups typified by poor performance on tests
of executive control also produce particularly poor
scores on visuoconstructional tests due to the planning
needed for visual design production.40,41
Patients with PNFA and CBD both presented
with lower scores on tests of working memory/visuoconstruction. However, within each of these two
groups the interpretation of these findings is complex. For the PNFA subgroup, their low scores on
digit span and letter fluency tests could be associated with their effortful speech42 and impaired sentence comprehension.43 This finding is not surprising
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in the context of their frontal disease seen on imaging studies.44,45 A relative strength within the PNFA
group was their performance on tests of declarative
memory.
Low performance on the working memory/visuoconstructional index was also found in the CBD
group. This is consistent with the right frontalparietal distribution of their disease.18,45 Of equal interest was that patients with CBD were slow on the
processing speed/mental flexibility index. In addition
to low scores on the geometric figure copy tests, time
to completion on the Stroop and Trail Making Tests
was slow (table 2). Slowed completion on the processing speed/mental flexibility tests seen in the CBD
group might reflect a specific problem related to visually guided operations requiring executive control.
Time to completion on tests that assess processing
speed/mental flexibility was faster for the SOC/
EXEC compared to the AD and SemD groups. However, as described above, SOC/EXEC often made
more errors on the Trail Making Test Part B compared to other groups, suggesting a speed/accuracy
trade off. Patients who are aware of their deficits
often slow their performance to improve accuracy,
but the SOC/EXEC group showed the opposite pattern. They performed faster at the expense of their
accuracy. This emphasizes that the social anosognosia of these patients also can be seen in their cognitive performance.46 When neuropsychological test
performance was assessed within the SOC/EXEC
group, performance on the processing speed/mental
flexibility index was worse as compared to other domains of cognitive functioning.
Several caveats should be kept in mind when considering our findings. First, since our cohort included
patients who had completed all of the measures in
our neuropsychological protocol, there may be a bias
toward patients who are relatively mildly impaired.
Additional work is needed to determine whether
these profiles generalize to more impaired patients.
Second, our protocol of neuropsychological measures,
while more comprehensive than in many previous
studies, did not asses all relevant cognitive abilities
such as a direct measure of social comportment, visual declarative memory, or visual working memory.
The inclusion of such tests may have altered our
results and should be included in future research.
Third, we do not have histopathologic evidence for
the etiology of the disease causing the progressive
disorder in these patients, although our findings are
consistent with reported cognitive deficits in other
clinical-pathologic studies where 75% of patients diagnosed clinically with the FTD subtypes described
above were confirmed upon autopsy.8,9 Only 17% of
patients diagnosed with an FTD syndrome were
found to have AD upon pathologic examination. Finally, in the present study, we used an exploratory
factor analysis to derive the core features of our neuropsychological protocol. Due to the relatively small
sample size within the various FTD subtypes, we
acknowledge that our factor solution could be unsta-

ble. The results of our exploratory PCA should be
replicated using confirmatory factor analysis47 on a
larger sample of patients with FTD.
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