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ABSTRACT

CERAD-NAB (Consortium to Establish a Registry for Alzheimer’s Disease—Neuropsychological Assessment Battery)
data were compared between 51 patients with frontotemporal dementia, 13 with semantic dementia, and 69 with
Alzheimer’s disease. There were statistically significant differences between the 3 groups. Compared with patients with
Alzheimer’s disease, patients with frontotemporal dementia were more impaired on Animal Fluency but not on any
other CERAD-NAB subtest. Patients with semantic dementia performed worse in Animal Fluency and Boston Naming
Test compared with frontotemporal dementia and Alzheimer’s disease. Multiple logistic regression analysis revealed
that in the differentiation between frontotemporal dementia and Alzheimer’s disease, the combination of Animal Fluency
and Boston Naming Test correctly classified 90.5% of patients. In segregating semantic dementia and Alzheimer’s dis-
ease, the combination of Boston Naming Test and Mini Mental State Examination resulted in a correct classification
0f 96.3%. These findings demonstrate that the Mini Mental State Examination and the language subtests of the CERAD-
NAB are valuable clinical instruments for the differential diagnosis between early frontotemporal dementia, semantic
dementia, and Alzheimer’s disease. (J Geriatr Psychiatry Neurol 2005; 18: 39—44)
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Frontotemporal dementia (FTD) semantic dementia (SD),
and progressive aphasia in typical cases represent 3 dis-
tinct clinical syndromes caused by frontotemporal lobar
degeneration. FTD, originally described as dementia of the
frontal lobe type,' later as FTD,” and more recently as
frontal variant of FTD,? is associated with bilateral and
usually symmetric involvement of the frontal lobes* and
manifests clinically as a disorder primarily of behavior.
Patients present with profound alterations of personality
and social conduct, characterized either by inertia and
loss of volition or by social disinhibition and distractibil-
ity with relative preservation of episodic memory.? In SD,
atrophy is most severe in the anterior temporal cortex.”
Magnetic resonance imaging studies have shown bilateral,*
asymmetric left,® or predominantly right temporal lobe
involvement.” The most prominent clinical feature of SD
is a progressive semantic impairment that affects the
meaning of words and visual percepts. Verbal output is flu-
ent, effortless, and grammatically correct but often
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empty.>®? Patients with SD, however, may exhibit behav-
ioral changes similar to those seen in FTD, particularly as
the disease progresses. Moreover, deterioration of memory,
attention, and executive function invariably occurs in FTD
and in SD.*'*™ This clinical overlap may make it chal-
lenging to distinguish between the 2 entities, particularly
in the early stages of the disease,'®"® but also to differen-
tiate the 2 syndromes caused by frontotemporal lobar
degeneration from dementia in Alzheimer’s disease (AD).
Numerous recent studies have attempted to improve dif-
ferential diagnosis by identifying different patterns of
behavioral change and cognitive impairment.®*'*'® The
present study aimed at distinguishing FTD, SD, and AD
patients on cognitive measures that were assessed with
the German version of the Consortium to Establish a Reg-
istry for Alzheimer’s Disease—Neuropsychological Assess-
ment Battery (CERAD-NAB)." On the basis of these data,
we tried to identify CERAD-NAB subtests that contribute
most to differential diagnosis.

METHODS

Patients

Sixty-four consecutively referred outpatients (40 male, 24
female) were comprehensively examined at the Memory
Clinic of Technische Universitdt in Munich, Germany.
Subjects were included in the study if they met the revised
Lund-Manchester criteria® for FTD or SD and if **F-fluoro-
2-desoxy-D-glucose positron emission tomography scanning
(**F-FDG-PET) was compatible with the clinical diagno-
sis. According to these criteria, 51 patients (29 male, 22
female) were diagnosed with FTD and 13 with SD (11
male, 2 female). To compare the patterns of cognitive
impairment between patients with FTD, SD, and AD, we
included 69 patients with a diagnosis of probable
Alzheimer’s disease according to National Institute of
Neurological and Communicative Disorders and
Stroke—Alzheimer’s Disease and Related Disorders Asso-
ciation (NINCDS-ADRDA) criteria'’ who had undergone
diagnostic evaluation at the same unit.

Patients with AD were matched with FTD and SD
patients, regarding sex and disease severity, as assessed
by the Clinical Dementia Rating (CDR).'® Patients with
moderate and severe dementia (CDR 2 or 3) were excluded
from analyses. Age was not used as a matching variable
because the average onset of symptoms in FTD and SD typ-
ically precedes the onset of AD by at least 1 decade."

Procedures

Because the diagnosis of FTD and SD requires significant
input from caregivers or other proxies, an extensive inter-
view with an informant was performed in all patients
focusing on abnormalities of memory, language, and behav-
ior. Informants also completed the Bayer Activities of
Daily Living scale.”’ In patients with FTD and SD, diag-
nostic evaluation included the Neuropsychiatric Inventory”

or the Frontal Behaviour Inventory® and the Geriatric
Depression Scale.?

Cognitive ability was evaluated using the German
version of the CERAD-NAB,'® which is widely used for cog-
nitive assessment in memory clinics.** The instrument
consists of 5 subtests that are administered in 8 steps: (1)
Animal Fluency (naming as many different animals as pos-
sible for 1 minute), (2) 15 items of the Boston Naming Test,
German version (confrontation naming of 15 line drawings),
(3) Mini Mental State Examination (MMSE),” (4) Word List
Learning (learning 10 words that are presented 3 times),
(5) Constructional Praxis (copying 4 geometric figures), (6)
Word List—Delayed Recall (recalling the 10 words previ-
ously learned), (7) Word List—Recognition discriminabil-
ity (recognizing the previously learned words from a list
of 20 words [10 new words and 10 old words]), and (8) Con-
structional Praxis—Delayed Recall (recalling the figures that
were presented earlier). The latter subtest was not avail-
able for the AD patients and was therefore omitted from
the analysis.

In addition to the CERAD-NAB, neuropsychological
tests of language and executive function (Frontal Assess-
ment Battery,”® Color-Word-Test,”” Trail Making Test®®)
were administered in 32 of the FTD and SD patients.
Neurological examination and laboratory workup (rou-
tine chemistry, complete blood cell count, blood glucose, vita-
min B,,, folic acid and thyroid stimulating hormone levels,
and syphilis and Lyme serologies) were performed. All
patients underwent either cranial computed tomography
or magnetic resonance imaging. Moreover, all patients
with FTD and SD as well as 24 patients with AD had "°F-
FDG-PET. PET findings were used to improve the clinical
differentiation between FTD and SD. Subjects were not
classified as SD if they showed significant frontal hypome-
tabolism. As a result, all patients with SD exhibited meta-
bolic deficits predominantly of the left temporal lobe. A few
patients had an additional hypometabolism in the right
temporal pole. Patients with FTD showed reduced tracer
uptake predominantly in frontal areas as well as additional
temporal (left > right) hypometabolism in half of the cases.
Each of the 24 AD patients who underwent PET scanning
showed hypometabolism in the posterior cingulate, and 16
of the patients had also hypometabolism of the tem-
poroparietal cortex (left > right).

Statistical Analysis

Data were analyzed using the SPSS 11.0 software pack-
age (SPSS Inc, Chicago, I11). Statistical analysis proceeded
in 3 steps. First, analyses of variance were performed sep-
arately for each of the CERAD-NAB variables to determine
statistical differences across diagnostic groups (FTD, SD,
and AD). Results are presented as group means and stan-
dard deviations. Second, post hoc ¢-tests (2-tailed) were used
to examine 2-group contrasts on the CERAD-NAB variables
(FTD vs AD, SD vs AD, and FTD vs SD). Results are
shown as 2-tailed P values. Subtests that were significantly
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Table 1. Demographic Characteristics, Scores on the Mini Mental State Examination (MMSE),
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and Clinical Dementia Rating (CDR) of the 3 Patient Groups

FTD SD AD P Value
N 51 13 69
Sex (M/F) 29/22 11/2 32/37 .04
Age (years) + sd 62.0 £ 10.3 65.2+4.5 73.6+77 <.001
Education (years) * sd 12.8+3.3 13.4+3.8 12.1+2.8 ns
MMSE + sd 241+35 23.6t4.2 245+45 ns
MMSE lower range 15 14 15 ns
Note: FTD = frontotemporal dementia; SD = semantic dementia; AD = Alzheimer’s disease; sd = standard deviation; ns = not significant.

Table 2. Results + Standard Deviations of the CERAD-NAB Variables for the 3 Patient Groups

FTD SD AD P Value
Animal Fluency 9.5+5.0 6.4+4.3 12.2+4.7 <.001
Boston Naming Test 12.3+2.7 5.8+2.6 124+2.4 <.001
MMSE 241+35 23.6+t4.2 24.5+3.2 .67
Word List-Learning 13.4+£45 13.0+4.2 13.2+4.4 .96
Word List-Delayed Recall 3.3+2.2 3.6+29 26+2.1 14
Word List-Discriminability 16.7 £ 3.6 15.0+£3.8 16.6 £ 2.5 .26
Figures-Copy 9.7+14 10.4 £ 1.1 9.3+19 .06

Note: CERAD-NAB = Consortium to Establish a Registry for Alzheimer’s Disease-Neuropsychological Assessment Battery; FTD = frontotemporal dementia; SD = semantic dementia; AD =

Alzheimer’s disease.

different between diagnostic groups (P < .05) were included
in the subsequent analysis. Third, to determine the rela-
tive contribution of the subtests for group discrimination,
separate stepwise binary logistic regressions were per-
formed for each 2-group comparison using the diagnostic
classification as dependent variable and the CERAD-NAB
results as predicting variables. Demographic characteristics
(age in years, sex, and years of education) were included
as possible confounders.

RESULTS

Demographic Data

Demographic characteristics of the 3 patient groups are
depicted in Table 1. Patients with AD were significantly
older than patients with FTD or SD. The proportion of male
patients was significantly higher in the SD group compared
with the 2 other groups. There was no statistically signif-
icant difference between the 3 groups with respect to edu-
cation. The mean MMSE score was approximately 24 in
all 3 groups; about 10% of the patients in each group
scored lower than 20 points.

Selection of Variables for Group Differentiation
There were statistically significant differences across the
3 diagnostic groups on Animal Fluency and the Boston
Naming Test (see Table 2). Post hocs demonstrated that
patients with SD performed significantly worse on both
tests than patients with FTD or AD. The FTD group was
significantly more impaired than the AD group on Animal
Fluency (see Table 3).

Table 3. 2-Group Differences on CERAD-NAB
Subtests (P Values)

FTD FTD SD
Variable vs SD vs AD vs AD
Animal Fluency .04 .003 <.001
Boston Naming Test <.001 .90 <.001

Note: CERAD-NAB = Consortium to Establish a Registry for Alzheimer’s Disease—
Neuropsychological Assessment Battery; FTD = frontotemporal dementia; SD = seman-
tic dementia; AD = Alzheimer’s disease.

There were some nonsignificant trends: patients with
SD scored higher on Figures—Copy than patients with
AD. AD patients evidenced lower results on Word
List—-Delayed Recall compared with FTD and SD patients
(see Table 2).

Group Separation by Neuropsychological Tests
Three stepwise logistic regressions were carried out to
determine the contribution of the CERAD variables to
diagnostic group membership. For these analyses, age,
sex, and disease severity (assessed by CDR) were consid-
ered as covariates.

SD Versus FTD

In the separation between FTD and SD, the Boston Nam-
ing Test—15 Items alone achieved a correct classification
rate of 88.3%. Group separation was slightly improved by
including Animal Fluency in the regression model. The per-
centage of correctly classified patients was 90.5% (FTD
94.0%, SD 76.9%) (see Table 4). When we considered age,
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Table 4. SD Versus FTD, Classification Table:
Animal Fluency and Boston Naming Test
(Covariates Not Considered in this Model)

Table 5. SD Versus AD, Classification Table:
Boston Naming Test and Mini Mental State Examination
(Covariates Not Considered in This Model)

Predicted Group Predicted Group
Percentage Percentage
FTD SD Correct SD AD Correct
Observed group Observed group
FTD 47 3 94.0 SD 1 2 84.6
SD 3 10 76.9 AD 1 68 98.6
90.5 96.3

Note: FTD = frontotemporal dementia; SD = semantic dementia.

sex, and education as covariates, this model correctly clas-
sified 91.7% of the parients.

FTD Versus AD

In this group, discrimination on Animal Fluency alone
classified 77.8% of patients correctly. The percentage of cor-
rect classifications was increased by Word List—Delayed
Recall to 79.3% and was further improved by the MMSE
to 81.0% (FTD 74.5%, AD 85.5%). The combination of high
Animal Fluency and low Word List—-Delayed Recall favored
a diagnosis of AD.

SD Versus AD
Finally, in the discrimination between SD and AD, the logis-
tic regression model including Boston Naming Test—15
Items and MMSE correctly classified 96.3% (SD 84.6%, AD
98.6%) (see Table 5). High Boston Naming Test combined
with a low MMSE score predicted a diagnosis of AD.
After we added Animal Fluency, Figure—Copy, MMSE,
and demographic variables as covariates to the logistic
regression model, the percentage of overall correct classi-
fications was 97.4% (SD 77.8%, AD 100%).

DISCUSSION

Differential diagnosis between frontotemporal degenera-
tions and Alzheimer’s disease as early as possible in the
course of the disease is clinically important because these
disorders are associated with different medical, psycho-
logical, and social needs of patients and caregivers. For the
experienced clinician, the mainstay of the clinical diagnosis
is the patient’s typical history and clinical presentation,”
supported by structural brain imaging that can be used
to demonstrate frontotemporal atrophy. Functional brain
imaging may be helpful if available, showing reduced cere-
bral blood flow or diminished glucose metabolism of frontal
or temporal areas in typical cases of FTD and SD.**° To
standardize and quantify the analysis and assessment of
behavioral change, a number of clinical tests and interviews
have been developed that refer to the specific symptom pat-

Note: SD = semantic dementia; AD = Alzheimer’s disease.

tern of FTD.?*"*2 Other studies have explored the poten-
tial of neuropsychological tests, particularly of language
and frontal-executive functions, to distinguish between FTD
and SD.">***" In the present study, we were able to demon-
strate that brief neuropsychological tests, which are rou-
tinely used in memory clinics, are helpful to distinguish
between the 2 frontotemporal syndromes and to separate
them from AD.

One advantage of our study is the relatively large
sample size, particularly in the FTD and AD groups.
Another strength is that the clinical diagnosis was con-
firmed by typical patterns of hypometabolism on "*F-FDG-
PET in all patients with FTD and SD as well as in 24
patients with AD. Specifically, in patients with prominent
behavioral disturbances superimposed on the features of
SD, the typical pattern of temporal hypometabolism in the
absence of frontal deficits in PET allowed a clear diagnostic
classification. Moreover, because the diagnostic classifi-
cation was primarily based on the patients’ history, on
extensive behavioral assessments, and on functional brain
imaging, the study avoids circularity.

We found that patients with SD performed significantly
worse on language tests (Animal Fluency and Boston
Naming Test—15 Items) than patients with FTD or AD.
Compared with AD, patients with FTD were significantly
more impaired on animal fluency but not on picture nam-
ing or any other CERAD-NAB subtest. These results are
consistent with previous studies that have demonstrated
similar performance on confrontation naming in AD and
FTD.*** Similar to other authors,'” we found that patients
with AD are more impaired in tests of episodic memory
(delayed recall) than patients with FTD. However, in our
study this difference did not reach statistical significance.
This might be a result of the fact that AD patients in our
study were in an early stage of disease where a severe
memory impairment is uncommon. Patients with a “frontal
variant of FTD” generally perform well on tests of picture
naming, word-picture matching, generation of word defi-
nition, and other semantic tasks.’*' In contrast, con-
frontation naming is impaired in SD.”*® It is also consistent
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with previous reports' that there were no differences
between FTD and SD on episodic verbal memory and on
the visuoconstructional tasks.

From a clinical perspective, the most interesting result
of our study is that patients with FTD, SD, and AD can be
distinguished with regard to the pattern of their cognitive
profile. Most patients with SD and some patients with AD
or FTD are impaired in the Boston Naming Test—15 Items.
However, in AD, low scores in the Boston Naming Test are
associated with low scores in the MMSE. In contrast, in
early stages of SD, a poor Boston Naming Test perform-
ance and relatively high scores in MMSE represent a typ-
ical pattern. Patients with SD score lower than FTD
patients on the Boston Naming Test and on Animal Flu-
ency. However, multiple analysis demonstrates that SD is
separated from FTD by a particularly poor naming abil-
ity.

The findings of the present study demonstrate that the
MMSE in combination with the language subtests Boston
Naming Test and Animal Fluency of the CERAD-NAB is
a valuable clinical instrument for the differential diagno-
sis between early FTD, SD, and AD. Although information
on the patient’s history and on behavioral change is most
important to distinguish between these clinical entities,
the pattern of cognitive impairment may facilitate differ-
ential diagnosis and should be taken into account when
making diagnostic decisions. The brief tests evaluated in
the present study should be included in the design of short
bedside assessment batteries for the identification of fron-
totemporal syndromes.
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