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Abstract

Neuropsychological changes distinguishing mild Alzheimer's disease (AD) from frontotemporal dementia (FTD)
have been described, but empirical verification of differential cognitive characteristics is lacking. Archival
neuropsychological data on 15 FTD patients, 16 AD patients, and 16 controls were compared. Controls
outperformed both patient groups on measures of verbal and nonverbal memory, executive ability, and
constructional skill, with AD patients showing more widespread memory decline. No differences were found
between the 3 groups in confrontation naming, recognition memory, or basic attention. Patient groups differed only
•n nonverbal memory, with FTD patients performing significantly better than AD patients. However, patient groups
also differed in pattern of performance across executive and memory domains. Specifically, AD patients exhibited
significantly greater impairment on memory than executive tasks, whereas the opposite pattern characterized the
rTD group. These findings suggest that examination of relative rankings of scores across cognitive domains, in
addition to interpretation of individual neuropsychological scores, may be useful in differential diagnosis of FTD
versus AD. (JINS, 1996, 2, 505-510.)
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INTRODUCTION

. Alzheimer's disease (AD), deficits in memory, construc-
tional skills, and naming are characteristic of the early stages
°f the disease, while early deterioration in personality and
social behavior, judgment, and executive system functions
are typical of frontotemporal dementia (FTD; Cummings
& Benson, 1992). However, documentation of the validity
oi the differing neuropsychological and ncurobehavior pro-
files of FTD and AD has been sparse.

Neary ct al. (1986) described a unique neuropsycholog-
ical profile of reduced executive skills in the context of vari-
able memory and attention, but normal language (except for
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a mild anomia), manual skill, constructions, and IQ in 4 FTD
patients with prominent behavioral and personality changes.
Similarly, Jagust ct al. (1989) observed reduced executive
skills retative to memory ability in 4 FTD patients, and the
opposite pattern in 20 AD patients; confrontation naming
and constructions were depressed and equivalent in both
groups. Johansen and Hagberg (1989) also described re-
duced executive skills, as well as constructional impair-
ment, variable memory, impaired calculation, and echolalic
speech in 20 FTD patients.

Given the small sample sizes in the above studies, statis-
tical comparisons of groups were generally not feasible, and
the conclusions regarding the neuropsychological differ-
ences between FTD and AD were based on clinical inter-
pretations of individual test protocols. The one paper
statistically comparing 6 FTD patients with elderly con-
trols revealed that FTD subjects had significantly poorer per-
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formance on executive skills, 1Q, and attention; confronta-
tion naming, memory, and visuospatial skills were found to
be comparable between groups (Miller ct al.t 1991). As other
forms of dementia were not studied, no conclusions could
be drawn regarding whether these findings were unique to
FTD. In fact, Kumar et al. (1990) have raised questions about
the specificity of deficient executive skills in FTD, observ-
ing no disproportionate impairment in frontal lobe cogni-
tive abilities in FTD in their statistical analysis of the patterns
of scores of FTD and AD. However, their requirements for
significant group differences were exceedingly stringent (i.e.,
FTD neuropsychological indices had to differ by more than
2 SDs from AD scores).

Thus, while the available studies suggest that patients with
FTD show a statistically significant departure from normal
performance in executive skills, it remains unclear whether
this profile is specific to FTD. In addition, while the de-
scriptive reports have been relatively consistent in report-
ing decline in executive functioning in FTD, contradictory
conclusions have emerged regarding the presence of collat-
eral declines in constructional skill, confrontation naming,
memory, and attention.

The purpose of the present study was to examine group
differences between AD and FTD patients and controls on
neuropsychological measures obtained from archival data.

METHOD

Research Participants

Archival data for participants chosen for inclusion in the
study were obtained from Harbor-UCLA Medical Center
records as well as the Alzheimer's Disease Center database
at the University of California at Los Angeles. Single photon
emission computed tomography brain studies were ob-
tained on all patients using both 133Xenon and 99mTc-
hexamethylpropyleneamine oxime. For a diagnosis of FTD,
patients were required to show frontal-temporal hypoper-
fusion with relative sparing of the parietal and occipital re-
gions. In contrast, AD patients were required to exhibit
temporal-parietal hypoperfusion with either normal, or only
mildly decreased, perfusion in the frontal and anterior tem-
poral regions.

For all FTD patients, the clinical diagnosis of FTD was
made at the time of the original evaluation by two behav-
ioral neurologist physicians with special interest and exper-
tise in this condition (JLC and BLM). All FTD patients
included in our sample met the diagnostic research criteria
for FTD set by the Lund-Manchester Group (Brun ct al.,
1994). Specifically, to diagnose FTD, we required that, in ad-
dition to frontal hypoperfusion, all patients have a gradual cog-
nitive decline and show prominent personality changes such
as disinhibition, antisocial behaviors, hypcrorality, compul-
sions, orapathy. Neuropsychological test scores were not used
in deriving a diagnosis. Six of the FTD patients have sub-
sequently had pathologic confirmation according to the Lund-

Manchester Research Criteria for pathology; 4 showed Pick
bodies, frontal gliosis, and ncuronal loss, while 2 were found
to have frontal gliosis and ncuronal loss but no Pick bodies.

All AD patients met the National Institute of Neurologi-
cal and Communicative Diseases and Stroke-Alzheimer's
Disease and Related Disorders Association (NINCDS/
ADRDA) diagnostic criteria for probable AD (McKhann
ct ah, 1984). Although only 1 of our patients from this study
has come to autopsy and been confirmed to have AD, we
recently published a paper that demonstrates that a diagno-
sis of probable AD is corroborated with pathology in more
than 90% of our cases (Read ct al., 1995).

Patients with medical, substance abuse, neurologic or psy-
chiatric disorders other than AD or FTD that could account
for their abnormal mental status were excluded. Magnetic
resonance imaging (MRI) was performed in all patients to
rule out stroke or other lesions that could have caused
dementia. In addition, because participants in more ad-
vanced stages of dementia are essentially unable to perform
neuropsychological tests, a Mini Mental State Examination
(MMSE; Folstein et ah, 1975) score of at least 18 was re-
quired in all patients.

Nine men and 7 women with AD, and 7 men and 8 women
with FTD, met the above criteria. Sixteen control partici-
pants (8 men and 8 women) were chosen from an ongoing
study at Harbor-UCLA of healthy, normal older adults. All
control participants had normal neurological exams; had no
history of major affective or psychotic disorder, head in-
jury, stroke, seizures or other neurologic disorders; and had
no history of substance abuse within the past 5 years. In
addition, all control subjects underwent MRI brain scan-
ning to rule out any significant structural abnormalities. In
Table I are shown the mean ages and educational levels for
the three groups, as well as the mean MMSE scores for the
two patient groups; all control participants had MMSE scores
above 26.

Procedures

Neuropsychological tests were chosen to reflect the follow-
ing cognitive domains:

• Attention: Digit Span subtest from the Wechslcr Adult In-
telligence Scale-Revised (WAIS-R; Wcchsler, 1981)

• Visuaconstructional: Rey-Osterrieth Complex Figure
(Lezak, 1983)

• Verbal and nonverbal memory: (I) Rey Auditory Verbal
Learning Test (RAVLT; Lczak, 1983); (2) WHO-UCLA
Auditory Verbal Learning Test (Maj et al., 1994); (3)
Wcchsler Memory Scale-Revised (WMS-R; Wcchslcr,
1987), Logical Memory subtest; (4) Rey-Ostcrrieth Com-
plex Figure delayed recall (Boonc, ct al., 1993)

• Language: Boston Naming Test (BNT; Kaplan ct al., 1978)

• Executive Functioning: Verbal Fluency (FAS; Bcnton &
deS Hamsber, 1976; Boone et al., 1990); Stroop Test
(Stroop, 1935; Boone et al., 1990)
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Table 1. Ncuropsychological and demographic variables for FTD,
AD, and controls

Variable

Age
Education
MMSE
Executive

FAS

Stroop time

Stroop errors

Attention
Digit Span

Language
Boston Naming

Visuoconstructional
Rey-Osterrieth

Verbal memory
LM percent retention

AVLT
Trial 5

Delayed recall

Recognition

Nonverbal memory
Rcy-Ostcrrieth

FTD
M ±SD

63.9 ±8.3
15.2 ±2.9
25.4 ± 3.2

17.3 ±15.1
(«= 15)

214.1 ±65.3
(n = 8)

40.5 ± 46.0
(« = 6)

8.7 ± 2.6
(« = 15)

47.2 ± 15.1
< M = I I )

23.8 ±8.1
(/. = 14)

41.0 ±40.7
(«= 13)

6.7 ± 2.8
(« = 6)
4.8 ± 4.2
(n = 6)

11.5 ±2.4
(n = 6)

31.3 ±24.5
(ii = 14)

Group

AD
M±SD

70.3 ± 10.0
14.6 ±2.7
23.5 ±3.1

26.5 ±11.6
(ii = 16)

242.9 ± 162.3
(« = 7)
3.9 ± 3.2
(« = 7)

9.2 ±3.3
(/I = 16)

50.1 ± 12.1
(« = 15)

18.7± 10.5
(" = 12)

33.1 ±27.4
(« = 8)

6.6 ± 2.6
(«= ID
1.8 ±2.8
(«= ID

11.5 ±3.3
(«= ID

10.0 ± 12.8
(M = 12)

Controls
M ±SD

70.4 ± 5.2
14.8 ±2.2

n/a

43.4 ± 10.6
(M = 16)

129.1 ±24.4
(n = 16)
1.4 ± 1.8

(« = 16)

9.9 ± 2.7
(n = 16)

55.9 ±4.5
(« = 16)

32.8 ± 2.2
(II = 16)

76.6 ± 13.3
(II = 16)

10.4 ±2.2
(II = 16)
7.1 ±3.1
(» = 16)
12.9± 1.7
(II = 16)

55.8 ± 16.9
(n = 16)

The choice of tests was limited by the constraints of
existing data sets, and not all subjects completed all tests.

Test variables used for analyses included (1) the scaled
score for the Digit Span subtest of the WAIS-R; (2) number
of items recalled on the fifth trial, 30-min delayed recall,
and delayed recognition on the RAVLT or WHO-UCLA
AVLT; (3) percent retention (delayed recall/immediate re-
call) at 30-min delayed recall on the Logical Memory sub-
test of the WMS-R; (4) copy score and memory score
(percent retained on delayed recall) for the Rey-Ostcrricth
Complex Figure; (5) time (in s) to complete the color-
interference section of the Stroop, and total number of er-
rors on this section; (6) number correct on the BNT; and (7)
total number of words generated for the letters "f," "a." and
"s" on FAS.

RESULTS

Sample Characteristics

Education level was not significantly different among the
groups [F(2, 43) = .24, p =.79]. Groups did differ by age
[F(2,44) = 3.31,/) < .05], with FTD patients slightly youn-
ger than the other two groups, but posttest analyses did not
reveal any significant differences between pairs of groups,
and the age discrepancies were judged not to be clinically
significant. No significant differences between AD and FTD
groups were observed on MMSE [t(28) = -1.62,/? = .12].

Group Comparisons on
Neuropsychological Data

Analysis of variance (ANOVA) statistics were used for com-
parisons of the three groups on neuropsychological vari-
ables that were found to be normally distributed based on
Shapiro and Wilk's statistic, with Kruskal-Wallis one-way
ANOVAs used for the remaining group comparisons. Sig-
nificant group differences were documented on 8 of 11 neuro-
psychological variables:

1. FAS (K-W = 19.84, p = .00001),

2. Stroop time (K-W = 11.30,/? = .0035),

3. Stroop errors (K-W = 6.96, p = .03),

4. Logical Memory (K-W = 11.26, p = .004),

5. Rey-Osterrieth copy [F(2, 39) = 13.26,/? = .00001],

6. Rey-Osterrieth Memory score (K-W = 21.66, p =
.00001),

7. 5th trial on the AVLT IF(2, 30) = 9.98, p = .0005], and,

8. delayed recall on the RAVLT (K-W = 12.45, /? = .002).

Groups did not significantly differ on Digit Span (K-W =
1.50,/? = .47), Boston Naming Test (K-W = 4.83,/? = .09),
or recognition on the AVLT (K-W = 1.91, p = .39). Group
means and standard deviations for neuropsychological vari-
ables are shown in Table 1.

Posttest analyses indicated that controls performed at a
significantly higher level than both AD and FTD patients
{p < .05) on FAS, Stroop time. Logical Memory, Rey-
Osterrieth copy, and Rey-Osterrieth memory score. In ad-
dition, controls significantly outperformed AD patients on
the fifth learning trial {p < .05) and delayed recall trial of
the AVLT. No significant differences were detected be-
tween patient groups on any of the neuropsychological mea-
sures. However, when the two patient groups were compared
on standardized test scores (i.e., z scores calculated on the
mean and standard deviation of the control sample), a sin-
gle significant difference was observed on the Rey-Osterricth
memory score If (21) = -2.83,/? = .01], with FTD patients
scoring significantly better than AD patients.
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Neuropsychological Profile Analyses

To facilitate comparison of patient groups on neuropsycho-
logical test profiles, mean z scores were calculated sepa-
rately for each patient group for all test variables. Using the
mean z scores, the test scores were arranged hierarchically
from best to worst for each patient group (see Table 2).

Visual inspection of Table 2 suggests that the two patient
groups differed in their respective rankings on memory (par-
ticularly, nonverbal and rote verbal) and executive skills;
FTD patients generally performed better on the memory tests
and worse on the execulive tasks, whereas the AD group
tended to show the opposite pattern. In contrast, scores on
basic attention, constructional skill, story recall, recogni-
tion memory, and speed aspects of executive performance
appeared to be similarly ranked across groups.

Although a statistical comparison of rank ordering for all
measures was desirable, missing data limited such analy-
ses. Since FAS and Rey-Osterrieth Memory data were avail-
able for most participants, these tests were employed as
representative measures for the executive and memory do-
mains, respectively, in further analyses. Twelve of 12 AD
patients were found to have lower z scores for Rey-Osterrieth
Memory than for FAS, while 10 of 14 FTD patients showed
FAS z scores that were either lower than (n = 9) or equal to
(n ~ 1) z scores on Rey-Osterrieth Memory, (n = 26,
X2(4f= 1)= 13.93 , / ? < . 001). Paired /tests comparing the
FAS z scores and Rey-Osterrieth Memory z scores within
each subject were computed for each patient group sepa-
rately. The AD patients scored significantly better on FAS
(mean z — —1.36 ± 1.13) than Rey-Osterrieth memory
(mean z = -2.71 ± .75) [/(11) = 4.54,/? = .0009]. In con-
trast, the FTD group showed a nearly significant trend to score
better on Rey-Osterrieth Memory (mean z — —1.45 ±
1.45) than FAS [mean z = -2 .43 ±1.48; /(13) = - 2 . 0 1 , /? =
.07]. Comparison of the two patient groups on difference scores
[i.e., (FAS z score) - (Rey-Osterrieth Memory z score)] was
significant [/(24) = 3.91,p = .0007].

Table 2. Rank ordering of mean neuropsychological Z scores
for AD and FTD groups

Rank
order

Group

FTD AD

Best 1 Digit Span
2 AVLT-delayed recall
3 AVLT-recognition
4 Rey-Ostcrrieth memory
5 AVLT-5th crial
6 Boston Naming Test
7 FAS
8 Logical Memory
9 Stroop time

10 Rey-Osterrieth copy
Worst 11 Stroop errors

Digit Span
AVLT-recognition
Boston Naming Test
Stroop errors
FAS
AVLT-dclay recall
AVLT-5th trial
Rcy-Ostcrricth memory
Logical Memory
Stroop time
Rcy-Ostcrricth copy

DISCUSSION

Comparison of neuropsychological test scores obtained on
retrospective chart review on FTD and AD patients and nor-
mal controls revealed that both patient groups performed
significantly below controls in verbal and nonverbal free
recall, construction ability, and executive skills, with AD
patients exhibiting more widespread declines in memory.
Patients and controls did not differ significantly in basic at-
tention, confrontation naming, or recognition memory.

Patient groups were found to differ on a single neuropsy-
chological variable: FTD patients performed significantly
better than AD patients in delayed recall of the Rey-
Osterrieth figure. The lack of additional significant differ-
ences between FTD and AD patients may be partially an
artifact of small sample size and missing data, as several of
the mean scores of the two patient groups appeared to be
substantially discrepant (e.g., FAS, AVLT delayed recall,
Rey-Osterrieth Copy).

In addition to the single significant difference between FTD
and AD groups in nonverbal memory performance, the two
patient groups exhibited different patterns of performance on
executive versus nonverbal memory tasks. Specifically, within
the AD sample, a significantly worse performance was ob-
served on nonverbal memory relative to executive function-
ing, while FTD patients demonstrated an opposite pattern of
skills. Twelve of 12 AD patients demonstrated standardized
scores (i.e., z scores based on control means and standard
deviations) that were higher for FAS than Rey-Osterrieth
recall, while only 4 of 14 FTD patients showed this pattern.

Functional neuroimaging studies of AD and FTD pa-
tients have documented distinct abnormalities, with AD
patients showing bilateral posterior temporal-parietal hy-
pometabolism (Duara et al., 1991) and hypoperfusion (Neary
et al., 1987), but relative sparing of more anterior areas. Pa-
tients with FTD display bilateral frontal and anterior tem-
poral hypoperfusion with relatively normal parietal and
occipital blood flow (Neary etal., 1988; Miller et al., 1991;
Risberg et al., 1993). This distribution of functional abnor-
malities fits with the findings from the present study, which
show differing cognitive patterns for the AD and FTD
groups. Specifically, AD patients exhibit abnormalities pri-
marily in cognitive abilities mediated by the temporal-
parietal lobes (e.g., free recall), whereas FTD patients show
abnormalities primarily in cognitive abilities mediated largely
by the frontal lobes (i.e., executive skills).

The results from the present study help clarify some of
the contradictory findings in the existing literature regard-
ing the neuropsychological characteristics of FTD. Neary
et al. (1986), Jagust ct al. (1989), and Johansen and Hag-
berg (1989) observed that FTD patients performed more
poorly than AD patients in executive function tasks, but bet-
ter than AD patients in memory, although their reports did
not allow statistical verification of group differences. How-
ever, Kumar ct al. (1990) failed to detect any significant
differences between FTD and AD patients in executive skills,
and concluded that impairment in executive skills, while
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present in FTD, was not specific to FTD. Our data indicate
that both sets of observations are accurate. Specifically, FTD
and AD patient groups both show impairment in executive
skills, and exhibit similar absolute scores on executive tasks;
however, when relative patterns of cognitive scores are con-
sidered, FTD patients perform disproportionately more
poorly on executive tests.

Contradictory findings have also been reported regard-
ing the presence of impairment in constructional skills, mem-
ory, language (confrontation naming), and attention in FTD.
Decreased memory has been reported in some studies (Neary
et al., 1986; Johansen &. Hagberg, 1989) but not others (Ja-
gustetal., 1989; Miller etal., 1991), while attentional losses
have been observed by some investigators (Neary et al.,
1986), but not others (Miller et al., 1991). Similarly, evi-
dence for (Jagust et al., 1989; Johansen & Hagberg, 1989)
and against (Neary etal., 1986; Miller etal., 1991) the pres-
ence of decreased constructional skill, and for (Neary et al.,
1987; Jagust et al., 1989) and against (Miller et al., 1991)
language (i.e., confrontational naming) disturbance in FTD
has also emerged. In the present study, FTD patients showed
significant impairments in constructional skill and free re-
call relative to controls, while attention and confrontation
naming were spared.

The discrepancy among studies regarding the neuropsy-
chological characteristics of FTD could stem in part from
the fact that FTD may not be a uniform condition. The 4
FTD participants in the present study who did not exhibit
better visual memory (i.e., Rey-Osterrieth Memory) than
executive (i.e., FAS) scores had reductions in cerebral blood
flow that were most prominent in right frontotemporal ar-
eas. Future research is needed to determine if there are dif-
ferential neuropsychological patterns in FTD that correspond
to asymmetries in anterior cerebral hypoperfusion.

Additional research is also required to determine if neuro-
psychological tests other than those used in this study might
be more sensitive to the cognitive dysfunction present in
FTD versus AD. Given the retrospective nature of the present
investigation, the choice of cognitive tasks was constrained
by test scores available in the archival files. Some of the
purportedly nonexecutive tasks available for analysis in the
present study may have in fact required executive skills, thus
leading FTD patients to perform at a substandard level. For
example, copy of the Rey-Osterrieth figure, the construc-
tional task employed in the present study, is often per-
formed poorly by patients with frontal lobe dysfunction, due
to the organizational requirements (Lezak, 1983). It is pos-
sible that the AD and FTD patients in our study performed
at comparable levels on this test for different reasons, with
FTD patients failing due to the organizational demands, but
AD patients scoring poorly due to the loss of parietal ana-
tomic structures that subserve spatial skills. For the purpose
of clinical discrimination of FTD from AD, less complex
constructional tasks, in which organizational skills are min-
imized, may be more useful for differential diagnosis.

Conversely, performance by AD patients on some exec-
utive tasks may have been sabotaged by impairments in pur-

portedly nonexecutive skills. For example, time to complete
the Stroop test, an executive task, was actually slower on
average in the AD patients than in the FTD patients. It is
possible that declines in psychomotor speed associated with
AD (Storandt & Hill, 1989), rather than impairment in ex-
ecutive ability per se, lowered performance on this mea-
sure. In line with the recommendations put forth by Stuss
(1993), the executive tasks used in future research examin-
ing FTD versus AD need, as much as possible, to tap selec-
tive executive abilities independent of other cognitive skills,
such as mental speed, memory, language, and visuospatial
ability, known to deteriorate in early AD.

In conclusion, neuropsychological differences between
FTD and AD patient groups appear to be rather subtle, and
patient groups certainly mirror each other much more than
they resemble normal controls on cognitive scores. Exam-
ination of relative rankings of scores across cognitive
domains, in addition to interpretation of individual neuro-
psychological scores, may be the best psychometric ap-
proach to the differential diagnosis of FTD versus AD.
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