Journal of the International Neuropsychological Socié2903),9, 698—709.
Copyright © 2003 INS. Published by Cambridge University Press. Printed in the USA.
DOI: 10.1017S135561770395003X

Relationship between positive and negative symptoms
and neuropsychological scores in frontotemporal
dementia and Alzheimer’s disease

KYLE BRAUER BOONE! BRUCE L. MILLER,?> RANDOLPH SWARTZ?
PO LU} anD ALISON LEE?

1Department of Psychiatry, Harbor-UCLA Medical Center, Torrance California
2Department of Neurology, University of California—San Francisco
3Department of Family Medicine, Harbor-UCLA Medical Center, Torrance California

(RECEIVED January 12, 2001RevIseED July 8, 2002;AccepTED July 9, 2002)

Abstract

Patients with dementia, particularly those with frontotemporal dementia (FTD), are reported to display marked
negative symptoms, including apathy, lack of initiative, and flattened affect, similar to those observed in
schizophrenic patients. However, negative symptoms have yet to be formally quantified in an FTD population.
Twenty-seven patients with FTD (11 primarily right-sided, 8 primarily left-sided, and 4 symmetric) and 7 patients
with Alzheimer’s disease were rated on the Scale for the Assessment of Negative Symptoms, the Positive and
Negative Syndrome Scale, and the Emotional Blunting scale. The FTD patients registered significantly more
negative symptoms than the Alzheimer’s patients, averaging a threefold increase; groups did not significantly differ
in positive symptoms. Negative symptom scale scores were negatively correlated with nonverbal executive skills
(23—44% shared variance), verbal executive skills (up to 25% shared variance) and verbal memory (up to 20%
shared variance), but were unrelated to measures of attention, verbal and nonverbal information processing,
nonverbal memory, language, and constructional skill. In contrast, positive symptoms were positively correlated
with constructional skill (19% shared variance) and attentional scores (15% shared variance). These findings add
to the existing literature relating negative symptoms to anterior cerebral hypofunction, and suggest that positive
symptoms, at least in this population, may be tied to increased posterior activaiidf, 2003,9, 698—709.)

Keywords: Positive and negative symptoms, Frontotemporal dementia, Alzheimer’s disease, Executive scores,
Cognition

INTRODUCTION no cognitive correlates (Basso et al., 1998; Bilder et al.,

. . ..1985; Brekke et al., 1995; Capleton, 1996; Harvey et al.,
Recent research into the neuropsychology of psychiatri 996: Howanitz et al., 2000: Johnstone & Frith, 1996:

disorders has begun to focus on the cognitive correlates Qigdle. 1987 Voruganti et al., 1997)
specific symptom clusters. For example, several studies have ' X N !
assessed the differential relationship between positive an(;’iO
negative symptoms and neuropsychological scores in schiz%—n
phrenia. Most investigations suggest that positive SYymp_ ¢
toms (which can include hallucinations, delusions

) o . . 'pairment (Andreasen, 1981)] and poor performance on cog-
conceptual disorganization, suspiciousness, hostility, grarﬁ

diosit q i K tal. 1987 v h itive tests (Basso et al., 1998; Bilder et al., 1985; Brekke
losity, and excitement, Kay €t al., ). generally AVeqt al., 1995; Harvey et al., 1996, Liddle, 1987), especially

those involving frontal lobgexecutive skills (Mattson et al.,
_ 1997; Scully et al., 1997), such as Trailmaking (Berman
Reprint requests to: Kyle Brauer Boone, Ph.D., ABPP-ABCN, Harbor-

UCLA Medical Center, Department of Psychiatry, Box 495, 1000 W. Car- €1 al., 1997; Buchanan et al., 1994; O’Leary et al., ZQOO),
son Street, Building F-9, Torrance, CA 90509-2910 Stroop (Brekke et al., 1995; Buchanan et al., 1994; Liddle

698

In contrast, numerous investigations have documented a
nsistent relationship between negative symptoms [as de-
ed by alogia (poverty of speech and speech content),
ective flattening, apathy, asociality, and attentional im-
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et al., 1989; Liddle & Morris, 1991; Mattson et al., 1997), neuropsychological (especially executive) scores docu-
design fluency (Stolar et al., 1994), and Similarities (Liddle,mented in schizophrenic subjects are replicable in a demen-
1987). In addition, some investigators have reported pooretiia population.

performance on the Wisconsin Card Sorting Test (Basso

et al., 1998; Bell et al., 1997; Berman et al., 1997; Caple-

ton, 1996, Cuesta et al., 1995; Voruganti et al., 1997) andMETHODS

verbal fluencyword generation (Allen et al., 1993; Basso

et al., 1998; Berman et al., 1997; Howanitz et al., 2000;Research Participants

Johnstone & Frith, 1996; Liddle et al., 1989; Liddle & i i )
Morris, 1991; Mattson et al., 1997; O'Leary et al., 2000; Subjects were 30 outpatients determined to have fronto-

Robert et al., 1998; Stolar et al., 1994; Voruganti et al_’temporal dementia (FTDy = 23) or Alzheimer's disease

1997) in negative symptom patients, with other investiga—(n = 7) by a behavioral neurologist with extensive experi-

tors failing to observe these associations (Buchanan et a€"c€ in the diagnosis of these dementias (B.L.M.). These
1994 Liddle & Morris. 1991: Morrison-Stewart et al.. 1992 Patients represented consecutive testable patients referred
Nopc;ulos etal. 1994: O’Léary et al., 2000) ’ " to the clinical practice of Dr. Miller from the southern Cal-

While negative symptoms are typically discussed Withinifornia community over a 3-year period. All FTD patients

the context of schizophrenia, itis recognized that this sympmet research criteria for FTD set by the Lund-Manchester

tom cluster may also occur in other psychiatric and neuroCoup (Brun et al., 1994), and all showed frontal-temporal

logic disorders. For example, negative symptoms have beequperfusion with spa_ring of parietal and occipital regions
quantified in Alzheimer’s disease (Galynker etal., 1997, 2000°" §|ngledphotonberrr\1|ssmn computgd tomography (SPECT)
Reichmanetal., 1996) and vascular dementia (Galynker et af: rain studies on both 133Xenon and 99mTC-HMPAQ scans.

1997). Specific negative symptoms, such as apathy, have be | Alzheimer’s patients met criteria set forth by the Na-

investigated in the context of depression (Krishnan etal.,199§§0nal Institute of Neurqlogi,cal _and Communicative. Dis-
Lavretsky et al., 1999; Marin et al., 1994), HIV-1 infection €3S€S and Stroke-Alzheimer’s Disease and Related Disorders

(Castellon et al., 1998), stroke (Okada et al., 1997; Robin/‘Ssociation (NINCDS-ADRDA; McKhann etal., 1984) and
son, 1997; Starkstein et al., 1993), Parkinson's diseas@” showed bilateral temporal-parietal hypoperfusion with

(Aarsland et al., 1999; Starkstein et al., 1992; Levy et al_,relative sparing of anterior regions on SPECT scans.

1998), various types of dementia (Craig et al., 1996; Haupt ,A_S _previoqsly describgq (Edvx_/ards-Lee etal., 1997).' two
et al., 1998; Kuzis et al., 1999: Levy et al., 1996, 1998;cI|n|C|ans blinded to clinical history rated FTD patient

Marin et al., 1994), right hemisphere stroke (Marin, 1991;SPECT scans with regards to symmetry. Eight showed pri-

Marin et al., 1994), head injury (Andersson et al., 1999;marily left frontotemporal hypoperfusion (Left FTD), 11

Kant et al., 1998), prefrontal brain insult (“pseudodepres—ShOWed primarily right-sided frontotemporal hypoperfu-

sion” in Blumer & Benson, 1975), myotonic dystrophy sio_n (Right FTD_), and four exhibited symmetric hypoper-
(Rubinsztein et al., 1998) and Kluver-Bucy syndromefus’Ion (symmetric FTD).
(Marin, 1991).

_Patie_nts \_/vith_ front_otemporal dementia, espe_cially those>rgcedures
with primarily right-sided as compared to relatively focal
left-sided hypoperfusion on SPECT, have been reported t®ositive and negative symptoms were assessed using the
exhibit prominent behavioral abnormalities including dis- Scale for the Assessment of Negative Symptoms (SANS;
inhibition, flattened affect, psychosis, and social with- Andreasen, 1981), Positive and Negative Syndrome Scale
drawal (Miller et al., 1991, 1993). However, to date, no (PANSS; Kay et al., 1987), and the Emotional Blunting
attempt has been made to quantify the behavipsichiatric ~ scale (EB; Abrams & Taylor, 1978). Ratings were made by
changes in frontotemporal dementia groups in terms of stare behavioral neurologist (B.L.M.) or psychiatrist with ex-
dard measures of positive and negative symptoms and tpertise in geriatric disorders (R.S.) and were made indepen-
compare these symptom ratings against those from otheatently of the cognitive test results. Scores used for statistical
types of dementia, or to investigate whether the relationanalysis included the SANS total score and individual sub-
ships between positiy@egative symptoms and cognition scale scores (Alogia, Apatfivolition, Affective Flatten-
identified in schizophrenic populations generalize to non-ing, Asociality/Anhedonia, and Attentional Impairment), EB
schizophrenic clinical samples. scores, and the PANSSand PANSS- scores.

The purpose of the present study is twofold: (1) to quan- Patients were administered a comprehensive 4-hr neuro-
tify the behavioralpsychiatric changes in subgroups of pa- psychological battery including the WAIS-R (Satz-Mogel
tients with frontotemporal dementia (primarily right-sided, format except for Picture Arrangement which was admin-
primarily left-sided, and symmetric hypoperfusion) in termsistered in its entirety). The additional cognitive domains
of positive and negative symptoms and to determine whethesampled, the tests used to assess the domains, and the spe-
the subgroups significantly differ from each other and fromcific test variables used for analysis, are detailed in Table 1.
Alzheimer’s patients on these symptoms, and (2) to assegsn attempt was made to administer Trails B and the color-
whether the relationship between negative symptoms aniterference trial of the Stroop Test (Stroop C), but very
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Table 1. Cognitive domains and associated tests

Attention:
Verbal:
Digit Span scaled score from the WAIS2R

Information Processing Speed:
Verbal:

Stroop Test (Comalli version; Mitrushina et al., 1991;

number of seconds to complete Parts A andl B)
Nonverbal:

Trailmaking (Lezak, 1995; number of seconds to complete

Part A
Digit Symbol scaled score from the WAIS2R

Language:

Boston Naming Test (Kaplan et al., 1983; total correct out

of 60)?
Vocabulary scaled score from the WAIS2R

Constructional Ability:

K.B. Boone et al.

In the Recency Memory Test, patients are shown a series
of color photographs of 10 common items ornx57-inch
index cards (dishes, TV, clock, umbrella, barbecue grill,
guitars, football, camera, tent, luggage), presented at a rate
of 3 s each, and are instructed to look at each picture care-
fully. Patients are then shown pairs of pictures for 20 trials
in a standardized presentation, and asked to indicate which
picture in the pair was shown before the other in the initial
presentation. The score is number of errors out of a possible
20. Patients with right frontal lesions have been reported to
show chance level performance in recency discrimination
involving pictured stimuli (Milner, 1971).

The Emotional Situations Test consists of three pictures
of facial expressions (happgrinning, sadcrying, and
neutra)/no expression) and 10 scenes with either a negative
emotional context (e.g., open coffin with body inside,
lynched body hanging from tree, boy being scolded by

Rey-Osterrieth Complex Figure—copy trial (Lezak, 1995; total mother), positive emotional context (e.g., clown, Christmas

out of 36}

Beery Developmental Test of Visual-Motor Integration—Ilong

form (Beery, 1997; total raw score out of 50)

Block Design scaled score (raw score) on the WAIS-R

Memory
Verbal:

Logical Memory (LM) subtest of the Wechsler Memory
Scale—Revised (WMS-R: Wechsler, 1987; raw score for

delayed recalf)

Shopping List (Boone et al., 1999; raw scores for Trials 5

and 15-min delayed recafl)
Nonverbal:

Rey-Osterrieth Complex Figure—3 min delayed recall

(Boone et al., 1993; total score out of 36)

Executive
Verbal:

Verbal Fluency—FAS (Lezak, 1995; total words summed

across three trial§)

Verbal Fluency Animals (Gladsjo et al., 1999; total words

generated in 1 mir®)

Word Sequencing (Boone et al., in press; number of

capture errors total possible of 70)
Similarities scaled score from the WAIS2R
Comprehension scaled score from the WAIS-R

Nonverbal:

Design Fluency (Jones-Gotman & Milner, 1977; total

designs generated in 5 mf)

Emotional Situations (Stuss & Benson, 1983; total errors)
Wisconsin Card Sorting Test (WCST, Heaton et al., 1993;

number of perseverative responses)

Picture Arrangement scaled score from the WAIS-R

Recency Memory Errofs

aControl group A 6 = 155).
bControl group B i = 11).
¢Control group C (1 = 10).

tree with presents, table with Thanksgiving meal, boy roast-
ing dinner over an open fire), or neutral context (e.g., empty
chair, boy standing by tree, man sitting in chair). Patients
are instructed to “find the picture down here (three faces)
which goes best with this picture (scenes),” with each scene
presented in standard order, one at a time. Score is number
of errors out of a possible 10. Patients with orbitofrontal
pathology have been found to perform more poorly than
controls on this task (Stuss & Benson, 1983).

The Word Sequencing Test (Boone et al., 2001), based
on a similar task developed by Della Malva et al. (1993),
involves 20 sentences. The individual words for each sen-
tence are placed in front of the patient in a standard scram-
bled order. The patient is instructed to create a sentence
using all the words. Performance is timed with a limit of
120 s per sentence. All of the scrambled sentences include
embedded overlearned word pairs; for half the sentences
these word pairs must be uncoupled to correctly arrange the
sentence. “Capture errors” refer to failure to dissociate the
overlearned word pairs. For the purposes of this study, only
the 10 sentences involving capture errors were employed in
the analyses. The score used for analysis was the number of
capture errors out of a possible 10. Della Malva et al. (1993)
reported that patients with left anterior lesions exhibited
difficulty in word sequencing, particularly when the task
involved uncoupling overlearned associations.

Not all scores were available for all patients due to the
cooperation issues frequently encountered in a fronto-
temporal dementia population (Smeding & deKoning, 2000)
and the fact that some tests were added to the battery after
data collection had commenced.

Summary domain scores were generated by converting
raw test scores into standard equivalents @@.gcpres) using
the test means and standard deviations from three archival
control samples. Three control groups were necessary be-

few FTD patients could complete these tasks, and as a re&ause no one group was administered all of the neuropsy-

sult, these data could not be analyzed.

chological tasks employed in the current study. The controls

Three of the tests are either unpublished or not in widenad no history of neurologic illness, substance abuse, or

usage and will be briefly described.
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sion, or bipolar illness. Group An(= 155; Boone, 1999) Because of the unequal cell sizes, tests of homogeneity
consisted of 53 men and 102 women and averaged &3.07 of variance for each of the nine symptom scale scores were
9.29 years of age and 14.57 2.55 years of education. computed. Results confirmed that population variances did
Group B (h = 11; Boone et al., 1999) included 5 men and not significantly differ.

6 women and averaged 60.38.6 years of age and 14.82 As shown in Table 2, group comparisons on symptom
3.3 years of education. Group 8 €10) consisted of 2 men scores revealed significant group differences on the Emo-
and 8 women who averaged 64:611.68 years of age and tional Blunting, PANSS-, and the SANS Total, Flattened
15.00+ 3.57 years of education. Patient test scores werdé\ffect, Apathy, and Asociality scales. Post-hoc analyses
collapsed into nine summary scores by averaging each paadicated that the left, right, and symmetric FTD patients
tients’ z scores on tests assessing the same functional dacored significantly higher than the Alzheimer’s patients on
main. To enhance the stability af scores derived from the EB, SANS Total, SANS Flattened Affect, and SANS
control samples with smalis (i.e., Groups B and C), out- Asociality scales; the right and symmetric FTD patients
liers (defined as subjects with performance exceedif?g scored significantly higher than the Alzheimer’s patients on
SDs from group means) were excluded. This procedure rethe SANS Apathy scale; and the right FTD patients scored
sulted in the deletion of one subject each frascore cal-  significantly higher than Alzheimer’s patients on the
culations involving Shopping List delay, Rey-Osterrieth PANSS- scale. The right, left, and symmetric FTD pa-
delay, and design fluency. The superscript letters in Table lients did not significantly differ from each other on any of
indicate which control group was used to derazgcores. the scales.

Means and standard deviations for the four patient groups
on the various cognitive tasks are reproduced in Table 3.
Group comparisons on the cognitive tests have been previ-
ously reported (Boone et al., 1999; Razani et al, 2001).

RESULTS

Group Comparisons on Positive

and Negative Symptoms

, o Correlations Between Positive and Negative
Table 2 contains the means and standard deviations or fr%ymptoms and Cognitive Scores

quencies for the four patient groups for gender, age, educa-
tion, 1Q, and symptom scores. To reduce the large number of symptom scale variables, a
As shown in the table, usingmvalue of .05 required for principle components analysis (PCA), incorporating 8 vari-
statistical significance, ANOVA comparisons revealed thatables (excluding SANS total), was computed on the com-
the patient groups did not differ in educational level or age bined patient groups. PCA extracted two components with
In addition, no significant differences were observed in Fulleigenvalues greater than 1, representing a total of 84% of
Scale 1Q, indicating that the groups were generally compathe variance. Using the criterion of .55 or greater as indic-
rable in dementia severity. For the remainder of the grougtive of a substantial loading (reflecting a common vari-
comparisons, the value required for statistical signifi- ance between factor and variables of 30%), all scores except
cance was lowered to .01 as an adjustment for the multiplPANSS+ were observed to load on the first factor, and only
comparisons. the PANSS- loaded on the second factor. The first factor

Table 2. Group comparisons on demographic variables and pogitegative symptom scales

AD Left FTD symmetric Right F df p WP
n 7 8 4 11
Age 66.4+ 10.6 61.4t9.9 62.8+ 5.9 59.3+£ 11.0 729 3,26 .544
Education 16.0t 2.2 15.0£ 4.5 13.8+ 3.3 15.6+ 2.2 470 3,25 .706
Gender 4 3 f 6m/2f 2m/2f 5m/6f
Full Scale 1Q 77.913.7 78.2+12.7 71.0+16.8 85.4+ 21.3 758 3,24 .529
Symptom scales
Emotional Blunting 5.4 3.7  18.4+9.2  20.3+ 10.2 24.0+ 6.7 9.20 3,26 .0001 .451
SANS
Total 28.7+ 9.8 78.4+ 35.7 91.3+ 30.7 92.6+ 27.9 8.41 3,26 .0001 .427
Alogia 8.1+4.7 16.5+£ 8.1 15.3£ 9.0 173+ 7.3 2.54 3,26 .078 134
Apathy 6.0+3.4 125t3.8 16.8+4.6 14.7+ 5.6 6.69 3,26 .002 .363
Asocial 5.4+ 3.2 15.6= 7.4 20.0£5.5 19.6+ 5.4 10.12 3,26 .0001 .477
Attention 6.7+ 3.3 9.9+ 55 135+ 1.7 13.6£ 5.1 3.83 3,26 .021 .220
Flattened Affect 5.0 5.0 22.8£10.9 24.3t115 27.2£ 9.6 8.56 3,26 .0001 .431
PANSS- 16.0+ 4.3 25.8+ 8.4 25,5+ 9.9 30.9+ 9.0 4.85 3,26 .008 .278
PANSSt+ 104+ 2.6 145+ 4.6 125+ 7.0 17.1+£5.2 2.96 3,26 .051 .164
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Table 3. Means and standard deviations on cognitive scores for the four patient groups

AD Left FTD symmetric Right
Verbal Attention
Digit Span SS 5.4% 3.05 6.00+ 2.61 6.75+ 4.57 8.09+ 3.81
Info Processing Speed
Verbal
Stroop A 78.33+ 19.66 86.50+ 27.95 84.33+ 18.82 53.33+ 9.47
Stroop B 138.20t 40.75 146.67 42.60 156.00t 96.17 85.44+ 24.24
Nonverbal
Trails A 124.00+ 99.72 92.33+ 44.37 58.50+ 12.02 73.80t 76.11
Digit Symbol 2.71+ 1.70 3.86+ 1.87 2.50+ 1.73 4.36+ 2.06
Language
Boston Naming 42.06: 18.21 10.88+ 18.83 27.25k 26.97 46.82+ 9.54
Vocabulary 7.7% 5.82 2.67+ 2.58 4.00+ 3.83 8.73+5.29
Constructional Ability
Rey Figure copy 16.86 9.80 28.75+ 7.32 19.00+ 15.90 25.00t 9.10
Beery 19.86+ 7.20 30.88+ 12.17 19.25+12.31 31.274 9.83
Block Design 3.14+ 1.07 6.14+ 2.85 4.00+ 3.56 5.09+ 2.34
Memory
Verbal
WMS-R LM I 271+ 4.27 3.25+ 5.83 0.75+ 1.50 4.09+ 6.43
Shopping List
Trial 5 5.29+ 3.20 3.63+ 3.42 2.67+ 2.52 4.82+ 2.89
Delayed Recall 3.2% 3.95 1.50+2.78 0.33+ .58 2.91+ 3.05
Nonverbal
Rey figure delay 5.36 4.32 6.06+ 7.93 3.25+ 2.75 4.68+ 6.46
Executive
Verbal
FAS 17.71+ 11.10 5.38t 6.80 6.25+ 9.47 19.18+ 16.97
Animals 7.57t 4.20 2.63+ 3.82 1.50+ 2.38 7.70£5.23
Word Sequencing 3.48 3.05 6.50+ 4.68 9.00+0 4.75+ 3.33
Similarities 5.00+ 5.97 3.17+ 2.40 2.75+ 2.06 5.55+ 5.85
Comprehension 6.5F% 5.53 3.33+1.37 3.50+1.73 5.64+ 4.61
Nonverbal
Design Fluency 9.5% 10.64 7.50+ 6.97 1.00+ 1.73 6.45+ 9.70
Emotional Sit. 3.50t 1.76 5.88+ 2.70 3.50+ 1.92 3.73+ 1.79
WCST (pers. resp.) 32.4822.40 16.40+ 13.94 40.50t 24.75 47.25+ 18.27
Picture Arrangement 4.86 2.12 5.43+ 2.15 3.25+ 2.63 3.82+ 2.04
Recency Memory 5.1% 2.56 5.50+ 3.83 9.67+ 0.58 5.00+ 2.58

(negative symptoms) accounted for 71% of total score varicomputed between the symptom scales and the individual
ance, while the second factor (positive symptoms) actests included in the cognitive domain. In Table 4 are repro-
counted for 13% of score variance. duced the summary cognitive domain scores and the indi-
Correlational analyses were computed between the twwidual tests that were significantly correlated with the
symptom factors and the composite cognitive domain scoresymptom scales. As can be seen in the table, negative symp-
Negative symptoms were negatively related to nonverbalom scales were only related to nonverbal and verbal exec-
executive skills £ = —.624,p = .006), verbal executive utive skills and verbal memory, while positive symptoms
skills (r = —.415,p = .022), and verbal memoryr (=  were positively related to visual constructional skill and
—.397,p = .033), while positive symptoms were positively attention. The significant correlations between cognitive
related to attentionr(= .413,p = .029), with trend level domains and symptom scales did not significantly differ
relationships observed with nonverbal speed=(.368, from each otherff >.11).
p = .07) and constructional skilF(= .321,p = .09).
To_a_lssess whether unique relatl_o_nshlps existed bEtweeIﬂISCUSSION
specific symptom scales and cognitive performance, corre-
lations between the symptom scales and the composite co@omparison of patients with Alzheimer’s diseasesupa-
nitive domain scores were examined. When significantients with subtypes of FTD (primarily left-sided, primarily
relationships were detected, additional correlations wergight-sided, and symmetric), revealed that the FTD patients
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Table 4. Listing of significant correlations for emotional blunting, SANS, and PANSS scales

SANS Total SANS Apathy SANS Alogia

Nonverbal Executive= —.630,p = .005 Nonverbal Executive —.579,p = .012 Verbal Executive= —.501,p = .005
Recency Memory Errors .523,p = .012 Recency Memory Errors .529,p = .011 Capture Errors .528,p = .017
Picture Arrangement —.463,p = .011 Design Fluency —.414,p = .026 Comprehensios —.466,p = .012
Design Fluency= —.379,p = .042 Picture Arrangement —.408,p = .028 Similarities= —.434,p = .021

Verbal Executive= —.496,p = .005 Verbal Executive= —.373,p = .043 Nonverbal Executive —.477,p = .045
Capture Errors= .538,p = .014 Capture Errors .531,p = .016 Picture Arrangement —.524,p = .004
Animal Generation= —.392,p = .035 Comprehension —.431,p = .022

Comprehensiosr —.393,p = .038

Verbal Memory= —.436,p = .018
Word List Delayed= —.429,p = .020
Word List Trial 5= —.399,p = .032

SANS Asocial SANS Attention SANS Flattened Affect

Nonverbal Executive= —.565,p = .012 Nonverbal Executive —.564,p = .015 Nonverbal Executive —.658,p = .003
Recency Memory Errors: .432,p = .045 Picture Arrangement —.623,p = .0001 Recency Memory Errors .472,p = .027
Recency Memory Errors .482,p = .023 Design Fluency —.457,p = .013
Picture Arrangement —.398,p = .033

Verbal Memory= —.430,p = .020 Emotional Situations Errors.373,p = .046
Word List Delayed= —.413,p = .026
Word List Trial 5= —.410,p = .027 Verbal Executive= —.478,p = .007

Capture Errors= .571,p = .009
Animal Generatior —.402,p = .031

Verbal Memory= —.414,p = .026
Word List Delay= —.398,p = .039
Word List Trial 5= —.385,p = .032

Emotional Blunting PANSS PANSS-

Nonverbal Executive= —.649,p = .004 Constructional Ability= .428,p = .021 Nonverbal Executive —.669,p = .002
Recency Memory Errors: .516,p = .014 Block Design= .440,p = .017 Recency Memory Errors .567,p = .006
Picture Arrangement —.400,p = .031 Beery= .427,p = .019 Design Fluency —.463,p = .011

Rey Copy= .378,p = .040 Picture Arrangement —.462,p = .012

Verbal Executive= —.385,p = .035
Capture Errors= .540,p = .014 Verbal Attentior= .392,p =.039 Verbal Memory= —.424,p = .022
Word List Delay= —.410,p = .027
Word List Trial 5= —.391,p = .036

Verbal Executive= —.411,p = .024
Capture Errors= .474,p = .035
Comprehensior —.433,p = .021
Animal Generation= —.396,p = .034
Similarities= —.394,p = .038

had significantly greater negative symptoms, but showedbust despite the small sample sizes, with the FTD groups
only a trend toward greater positive symptoms. Specifi-averaging three times the magnitude of negative symptoms
cally, the three FTD subgroups all differed from Alzhei- found in Alzheimer’s group. These findings, derived on pa-
mer’s patients on the EB Scale and select SANS variablesents with anterior cerebral disturbance as documented by
(Total, Asocial, Flattened Affect), although only the right SPECT hypoperfusion patterns, add to accumulating data
and symmetric FTD patients scored significantly higher onindicating that negative symptoms are closely yoked to an-
the SANS Apathy subscale, and only the right FTD patientgerior brain dysfunction (Baare et al., 2000; Galynker et al.,
scored significantly higher on the PANSSscale. The dif- 2000; Gur et al., 2000; Kemali et al., 1987; Lewis et al.,
ferences between FTD and Alzheimer’s patients were ro1992; Mattson et al., 1997; Paulman et al., 1990; Wong
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et al., 1997), and perhaps right anterior disturbance in patearning/memory (Chiaravalloti & Glosser, 2001; Daselaar
ticular (Paulman et al., 1990; Stolar et al., 1994). etal., 2001; Golby et al., 2001; Ragland et al., 1997; Tomita

The three frontotemporal dementia groups did not signif-et al., 1999) may have a relationship with these negative
icantly differ from each other on any of the negative or symptoms.
positive symptom scales, although this may have been an In support of the neuropsychological evidence that neg-
artifact of small sample sizes and reduced power to deteditive symptoms in our dementia patients appear to be asso-
mild to moderate group differences. Visual inspection ofciated with bilateral frontal and left temporal lobe integrity,
the data revealed that in fact the right and symmetric FTDGalynker et al. (2000) observed that negative symptoms
groups obtained scores on some negative symptom scalesere related to decreased bilateral dorsolateral prefrontal
that were 30% higher than those seen in the left FTD groupsand left anterior temporal cortical perfusion in their sample

Negative symptoms, as measured by the SANS, PANSS of Alzheimer’s patients. In addition, apathy in particular
and EB Scales, were significantly correlated with nonver-has been reported to be associated with decreased pre-
bal executive, verbal executive, and verbal memory scoredrontal and anterior temporal perfusion in Alzheimer’s dis-
The nonverbal executive score accounted for between 23%ase (Craig et al., 1996), while Okada et al. (1997) observed
and 44% of negative symptom scale score variance, whil¢hat stroke patients with apathy exhibited reduced perfu-
verbal executive performance accounted for up to 25% andion in right dorsolateral frontal and left frontotemporal
verbal memory up to 20% of score variance. In contrast, noegions. Craig et al. (1996) hypothesized that the correla-
significant correlations were found between these symptontions between apathy and these various anterior regions sug-
scales and the nonverbal memory, verbal attention, verbaest that neuronal networks rather than individual cortical
and nonverbal processing speed, language, and construgreas are involved in personality traits of drive, initiative,
tional domains. and interest.

Previous research has shown that the nonverbal execu- Analysis of the specific tests within each cognitive do-
tive skills employed in this study are primarily related to main which correlated to the negative symptom scales re-
right frontal lobe function, while the verbal executive tasksvealed interesting and somewhat unexpected patterns. Within
are predominantly tied to left frontal lobe function. Specif- the nonverbal executive domain, negative symptoms were
ically, patients with right anterior dysfunction have beencorrelated with tests involving temporal memory (Recency
found to perform poorly on the Picture Arrangement sub-Memory Test), visual sequencing (Picture Arrangement),
test of the WAISWAIS-R (Boone et al., 1999; Goodglass and design fluency, and to a lesser extent, processing of
& Kaplan, 1979; McFie, 1975; McFie & Thompson, 1972), emotional context (Emotional Situations Test), but not with
design fluency (Boone et al., 1999; Jones-Gotman & Mil-the Wisconsin Card Sorting Test, despite evidence from
ner, 1977; Ruff et al., 1994), the Wisconsin Card Sortingother studies of a relationship between the Wisconsin Card
Test (Boone et al., 1999; Robinson et al., 1980), and temSorting Test and negative symptoms (Basso et al., 1998;
poral memory involving visual stimuli (Milner, 1971). In Bell etal., 1997; Berman et al., 1997; Capleton, 1996; Cuesta
addition, while no investigation has specifically addressecet al., 1995; Voruganti et al., 1997). To insure that the lack
whether the Emotional Situations Test is differentially re-of observed relationship between negative symptoms and
lated to right or left frontal function, there is a large litera- the Wisconsin Card Sorting Test in the present study was
ture tying ability to process emotional information to the not an artifact of the specific test score selected, correla-
right hemisphere (Adolphs et al., 1996; Bobes et al., 2000tions were computed between all Wisconsin Card Sorting
Mandal et al., 1999; Starkstein et al., 1994; Strauss & MosTest scores and the negative symptom scales, and again, no
covitch, 1981), and to right anterior function in particular significant correlations were observed.

(Muller et al., 1999; Nakamura et al., 1999). Within the verbal executive domain, negative symptoms

In contrast, patients with left anterior disturbance havewere related to the ability to dissociate overlearned word
been reported to perform poorly on word generation (Baldgairs (Word Sequencing Test), generate words within cat-
& Shimamura, 1998; Boone et al., 1999; Elfgren & Ris- egory (Verbal Fluency—Animals), verbalize “common sense”
berg, 1998; Elfgren et al., 1996; Milner, 1971, Stuss et al. knowledge (Comprehension subtest), and, to a lesser ex-
1998), and word sequencing (Boone et al., 1999; Della Malvdent, verbal abstraction (Similarities subtest). However, no
et al., 1993; Kaczmarek, 1984), and to obtain mean scoresignificant relationships were found between negative symp-
below those of right frontal lesion patients on the Compretoms and phonemic word generation (FAS), despite other
hension and Similarities 1Q subtests (Reitan, 1964). research indicating an association between FAS and nega-

The fact that negative symptoms were related primarilytive symptoms (Allen et al., 1993; Basso et al., 1998; Ber-
to measures of executive function, especially nonverbal exman et al., 1997; Howanitz et al., 2000; Johnstone & Frith,
ecutive skills, adds further support that negative symptom4996; Lewis et al., 1992; Liddle et al., 1989; Liddle & Mor-
are tied to frontal lobe function, and perhaps, primarily rightris, 1991; Mattson et al., 1997; O’Leary et al., 2000; Robert
frontal lobe function. In addition, the evidence that verbalet al., 1998; Stolar et al., 1994; Voruganti et al., 1997).
memory performance was correlated with some negative It is possible that the small sample size in this study
symptoms (i.e., alogia, flattened affect, attention) suggestémited our ability to identify relationships between nega-
that left frontotemporal functional systems involved in tive symptoms and WCST and FAS variables. However, the
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fact that we did detect relationships between negative sympt985). Attention, as measured by Digit Span, is less closely
toms and other executive test scores suggests that thegeked to specific brain regions, but has been reported to be
latter variables may be more sensitive to the presence aissociated with both frontal and parietal function (Collette
negative symptoms, at least in this population, than the coret al., 1997). The positive association between positive symp-
cept formationfability to shift set and phonemic generation toms and constructional skill and attention could suggest
required by the WCST and FAS, respectively. that positive symptoms are associated with brain overacti-
There is considerable overlap in the cognitive correlatevation, particularly in posterior areas, as posited by Buchs-
of the specific negative symptoms of apatayolition,  baum etal. (1984) and Ingvar and Franzen (1974), in contrast
alogia, asocialityanhedonia, decreased attention, and flatto the anterior cerebral underactivation found in negative
tened affect, although slight variations emerged. Design gersymptoms. Of note, Epstein et al. (1999), using PET data,
eration was only related to apathy and flattened affect, andocumented decreased prefrontal activity but increased
decreased animal name production was only related to flatmesotemporal and ventral striatal activity in patients with
tened affect. Similarly, Stolar et al. (1994) reported thathallucinations and delusions. Similarly, Paulman et al. (1990)
affective flattening in schizophrenic patients is related toobserved that the number of positive symptoms in their
generation, especially design production as compared teample of schizophrenic patients was associated with de-
verbal fluency. The relationship between decreased genecreased frontal and temporal perfusion, but increased whole
ation, apathy, and flattened affect found in the present studiprain rCBF. They conclude that “increased hemisphere CBF
may reflect a deficit in initiation common to all of these with bilaterally decreased frontéemporal rCBF ratios sug-
variables. In addition, the fact that these generation taskgests that some brain regions may be overactive and others
related to apathy anfdr flattened affect appears to indicate are underactive.” They further postulate that “frontal lobe
that these negative symptoms are tied to deficits in spontaiypoactivity may result in dysregulation of this region’s
neous flexibility (i.e., ability to generate a diversity of re- normal control over mesocortical and posterior cortical
sponses; Eslinger & Grattan, 1993), rather than the reactiveensory-processing sites, leading to subsequent overactiva-
flexibility /veridical decision making (i.e., the ability of shift tion of these regions” (p. 393). In support of this hypoth-
behavior in response to environmental demands), requireesis, we have recently reported that patients with FTD
by such tests as the Wisconsin Card Sorting Test (Eslingdrequently show increased artistic talent following diagno-
& Grattan, 1993; Goldberg & Podell, 2000). Errors on thesis (Miller et al., 1998), suggesting that the anterior degen-
Emotional Situations Test were only tied to flattened affect,eration disrupts inhibitory controls over, and enhances
suggesting that the ability to understapdocess emotional function of, posterior areas, including the right parietal areas
information and to express emotion is intimately related.necessary for visual constructional ability.
Performance on the Similarities subtest was only related to Alternatively, it is possible that positive symptoms are
alogia; a similar relationship has been documented in schizaverrepresented in patients with less marked/andiffuse
phrenic patients with Similarities performance related tocognitive impairment, resulting in the significant positive
poverty of speech but not blunting of affect (Liddle, 1987). relationship between constructional skéttention and pos-
The fact that more unique relationships were not docuitive symptoms.
mented between the various symptoms subscales and spe-n conclusion, results from the present study contribute
cific cognitive tasks is no doubt reflective of the fact that to an emerging literature quantifying the behavioral deficit
the SANS subscales were highly intercorrelated .7 in FTD, and add to current understanding regarding the
except for alogia and apathy (=.558) and alogia and relationship between positive and negative symptoms and
asocialityanhedoniai( = .642)]. cognition. However, there are several limitations to the cur-
Of interest, significant positive relationships were doc-rent study.
umented between positive symptoms and the cognitive First, given the small sample sizes and some missing
domains of constructional ability (Block Design subtest,data, the findings should be viewed as preliminary in na-
Rey-Osterrieth copy, and Beery Developmental Test ofture. The reduced statistical power due to the small n’s may
Visual Motor Integration) and attention (Digit Span sub- have prevented the identification of additional group differ-
test). This finding was unexpected given the relatively largeences. As such, the current findings may be an underesti-
literature showing little relationship between cognitive scoregmate of the behavioral differences between groups.
and positive symptoms in schizophrenic populations (Basso A second limitation of the study is that the correlations
et al., 1998; Bilder et al., 1985; Brekke et al., 1995; were computed on the patient sample as a whole, and as
Capleton, 1996; Harvey et al., 1996; Howanitz et al., 2000such the correlations reflect relationships between cogni-
Johnstone & Frith, 1996; Liddle, 1987; Voruganti et al., tive domains and negatiypositive symptoms specific to a
1997). However, of note, O’Leary et al. (2000) found anheterogenous dementia group. Unfortunately, the small n’s
isolated positive relationship between constructional memprecluded the computation of reliable and stable correla-
ory and positive symptoms in a large sample of schizotions within individual subgroups. Future research with larger
phrenic patients. samples is needed to document any unique relationships
Constructional ability has been consistently reported tovhich may be present between positinegative symp-
be tied to right posterior function (Heilman & Valenstein, toms and cognition in differing types of dementia.
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Finally, it is also possible that the relationships found (Eds.),Psychiatric aspects of neurologic diseadéew York:
between the cognitive domains and symptom scales may be Grune & Stratton.
an artifact of how many tests were contained in the doBobes, M.A., Martin, M., Olivares, E., & Valdes-Sosa, M. (2000).
mains, with larger correlations a function of more tests. Different scalp topography of brain potential related to expres-
However, verbal attention, represented by only one mea- sion and identify matching of faceBrain Research, Cognitive
sure (Digit Span) was significantly related to positive symp- Brain Researchs, 249-260. ) .
toms. Thus, the number of tests contained in the domaingoone’ K.B. (1999). N?umpsycwog'ca.l assessment of executive

’ functions. In B.L. Miller & J.L. Cummings (Eds.) he frontal

would not appear to be the primary factor in determining lobespp. 247-260. New York: Guilford Press.

the significant associations. Boone, K.B., Lesser, I.M., Hill-Gutierrez, E., Berman, N., & D’Elia,
L.D. (1993). Rey-Osterrieth Complex Figure Performance in
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