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Abstract
Primary progressive aphasia (PPA) is a form of dementia caused by frontotemporal lobar
degeneration. Unlike aphasia due to stroke, in which the association between particular aphasia
profiles and insight has been well characterized, this relationship has not been investigated in PPA.
Reduced insight is seen in other neurological conditions, but tends to involve right hemisphere
damage, whereas PPA is predominantly a left hemisphere disorder. The aim of the current study was
to examine whether fluent aphasia with less meaningful speech output, associated with diminished
insight in stroke, is also characteristic of PPA patients with reduced insight. Fourteen PPA patients
were studied. Results indicated that reduced information content in speech and poor performance on
a nonlanguage test, the Pyramids and Palm Trees test, predicted reduced insight. This study has
implications for the anatomical network involved in insight and clinical implications in terms of
selecting interventions appropriate for individual patients with PPA.
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Primary progressive aphasia (PPA) is caused by neurodegenerative disease that leads to an
initially isolated breakdown of language abilities.1-3 PPA is part of a wider spectrum of
neurodegenerative disorders caused by frontotemporal lobar degeneration (FTLD),3,4 which
also includes another clinical condition, behavioral variant frontotemporal dementia (bvFTD).
BvFTD is characterized by initial changes in behavior and loss of insight into these changes,
with relative preservation of other cognitive functions. In PPA, the few studies completed on
this topic thus far indicate that insight is not entirely intact and that it tends to diminish with
progression of the disease. As the disease progresses neuroanatomically from initial isolated
dysfunction in the perisylvian language regions to involve other cortical and subcortical
regions, insight appears to concurrently diminish.5 Additionally, PPA is a fairly heterogeneous
condition, with various language profiles represented among affected individuals who may
also display differing levels of insight. As such, PPA provides a compelling model with which
to investigate the relationship between language symptoms, other cognitive symptoms, and
reduced insight. As numerous definitions of insight exist,6 in this article we will take the broad
definition “awareness of symptoms or characteristics of a disease process.”
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The specific characteristics of the language disorder in PPA differ among patients. Numerous
attempts have been made to subgroup PPA patients based on prominent linguistic
characteristics such as speech fluency.4,7 In patients with aphasia from stroke, those with fluent,
grammatically correct but empty speech and poor naming appear to be less aware of their
impairments,8 although they rarely lose insight entirely.9 Those with nonfluent, grammatically
impaired but informative speech and relatively preserved naming appear to be aware of and,
as a result, depressed by their deficits. In PPA, the fluent-nonfluent distinction is difficult due
to the fact that the disease is progressive and most patients progress to a point where they have
significantly reduced output and even mutism, regardless of their initial presentation. However,
patients differ in terms of the flow and informational content of their speech. Thus, it might be
possible to assess insight with respect to the level of fluency, meaningfulness of speech content,
and other language characteristics in patients with PPA.

There have been some studies on insight within the group of dementias caused by FTLD. The
most prevalent clinical presentation in this group is bvFTD,10,11 a core diagnostic criterion of
which is reduced insight.4 Eslinger et al12 assessed various aspects of awareness in patients
with either bvFTD or the language variant (divided into semantic dementia and progressive
nonfluent aphasia subgroups). They found the aphasic patients to be capable of accurately
assessing their performance on various cognitive tasks (self-monitoring) but to be unaware of
the behavioral symptoms, such as apathy and lack of empathic concern, of which their
caregivers complained.

The initial aphasia profile and the other deficits that emerge over time (ie, nonlanguage deficits)
in PPA patients are governed by the location and extent of the neurodegenerative changes and
vary from patient to patient. In the early stages, damage tends to be restricted to the dominant
hemisphere perisylvian language areas,13 although Gorno-Tempini et al7 noted that patients
with semantic dementia also exhibited some right anterior temporal lobe atrophy in addition
to atrophy in a similar distribution, although more prominent, in the left hemisphere.

In other neurological disorders there is often a robust anatomic association between damage
to the right hemisphere, most often the parietal lobes, and anosognosia.14,15 In addition,
involvement of the right frontal lobe appears to be associated with loss of insight for hemiplegia
following stroke16 and for reduced insight into deficits following traumatic brain injury.17

However, reduced insight is not limited to patients with damage in the parietal or frontal lobes,
but is also seen in Anton's syndrome; cortical blindness caused by occipital damage, where
patients adamantly insist that they can see18,19; and in patients with hemiplegia following
damage to the thalamus or lenticular nucleus.20 These studies indicate that a large distributed
network is involved in insight regarding disease state.21

Prigatano,22 using Mesulam's23 model of cortical function, proposed a model of insight,
suggesting that the heteromodal association areas, responsible for consolidation of multimodal
information from internal and external sources, underlie higher-order functions including
insight. In fact, atrophy in these areas, not only in the right frontal region but also in the
temporoparietal region, is associated with reduced insight in dementia.24-26 Prigatano22 also
argued that the paralimbic areas, important for meshing emotional and cognitive data, are
important in insight. The voxel-based morphometry study of PPA patients by Gorno-Tempini
et al7 suggested that various areas mostly within the left hemisphere are implicated in PPA.
However, the semantic dementia subgroup they describe had some right hemisphere damage
to the temporal pole, a paralimbic region. Unlike the other PPA patients, this group also did
particularly poorly on an object associations test, the Pyramids and Palm Trees (PPT) test.
Performance of tests similar to PPT are associated with bilateral anterior temporal lobe (ie,
paralimbic areas) activation.27 This combination of findings, that some patients with PPA have
right hemisphere paralimbic atrophy, provides a potential explanation for reduced insight in
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such patients. It could therefore be expected that the PPA patients who score poorly on PPT
might also have reduced insight.

As yet, no studies have assessed the relationship between linguistic and cognitive features of
aphasia and reduced insight into illness in PPA. The current study aimed to identify whether
there is a relationship in PPA between reduced language comprehension and fluent, empty
speech and insight, similar to that seen in stroke-related aphasia. In addition to these language
symptoms, poor performance at nonlanguage cognitive tasks, which imply the spread of disease
beyond the language areas, especially when a degree of right hemisphere involvement is
implicated, were expected to be predictive of reduced insight in PPA.

Methods
Participants

Fourteen right-handed patients (7 males; mean age = 66.9, standard deviation = 7.43; mean
years of education = 16.29 years, standard deviation = 2.56) with current diagnoses of PPA
were recruited from the Clinical Core registry of the Northwestern Alzheimer's Disease Center.
The research measures were conducted during the participants' annual research visits, with
their written consent, and were approved by the Northwestern University Institutional Review
Board. During these visits, participants undergo a neurological examination and
neuropsychological tests. Study partners, usually the patient's primary caregiver, complete
questionnaires regarding neuropsychiatric symptoms and activities of daily living. Only
patients with comprehension levels sufficient for the completion of the measures were included
in this study. Any patient scoring 50/60 or below on the Western Aphasia Battery (WAB)
Auditory Verbal Comprehension Yes/No Questions subtest was excluded from the study as he
or she may not have been able to understand the Frontal Behavioral Inventory (FBI) questions.
Participants' clinical neuroimaging findings and a subset of their test scores are listed in Table
1.

One patient (number 9) carried a clinical diagnosis of semantic dementia without visual agnosia
according to the Uniform Data Set diagnostic criteria.28 No other patient carried clinical
diagnoses of semantic dementia, and patients were not subgrouped for the purposes of the
current study.

Procedures
Two insight measures were used. The neurologist who examined the patient during the annual
research visit completed the modified Clinician's Insight Rating (mCIR) scale. This scale was
modified from the original CIR,29 which was developed to assess awareness in Alzheimer's
disease. The only adaptation consisted of replacing the item querying awareness of memory
impairment with one querying changes in cognition or behavior. The mCIR consists of a brief
4-item checklist rating the patient's insight on each item (awareness of situation, ie, reasons
and circumstance for the office visit, specific awareness of cognitive impairment or behavioral
change, awareness of impairment in activities of daily living, awareness of progression of
deficit). Ratings are made on a 3-point scale—full awareness (0), partial awareness (1), or no
awareness (2)— providing a total score in the range of 0 to 8.

The FBI30 is a tool used to assess severity of 24 symptoms associated with FTLD, mostly
related to behavioral symptoms but with some items focusing on cognitive deficits. Responses
to FBI questions are usually elicited from the caregiver; however, for the purposes of the current
study, the FBI also was completed with the patient via interview with the examiner. The patient
score minus the caregiver score on this measure, the “FBI discrepancy score,” served as an
index of the patients' insight into their symptoms, with scores at or above 0 indicating that
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patients complain of their symptoms to a similar or more severe degree than their caregivers,
reflecting intact insight, and negative scores suggesting reduced insight.

A battery of neuropsychological tests was also administered to each patient. This included the
WAB31 and the PPT.32 The WAB is a comprehensive set of tests used to assess all aspects of
aphasia. Notable for the current study, it provides a test of Spontaneous Speech, which consists
of a series of questions relevant to functioning in everyday life (eg, “How are you today?”
“What is you address?”). This test also involves description of a complex scene. The
Spontaneous Speech test yields 2 subscores. The first is Information Content, which represents
the meaningfulness of responses, without regard for grammar or syntax. The second is Fluency,
the scoring of which mostly emphasizes rhythm, speech flow, and syntax. Fluent speech
featuring poor information content is characteristic of Wernicke's aphasia (usually caused by
stroke), which is frequently associated with reduced insight.9 The WAB also includes various
tests of comprehension, including a single Auditory Word Recognition test, where patients are
instructed to point to an item (either a line drawing or a real object) when its name is spoken
by the examiner. The PPT is a test of semantic associations consisting of both picture and word
subtests. For this study, only the pictures subtest was used to probe subjects' knowledge of
objects in the absence of words. PPA patients' language deficits could affect performance on
the word condition of the PPT in the absence of a loss of semantic knowledge about the objects
themselves. There are 52 items, each comprising a page with 3 line drawings, 1 at the top and
2 at the bottom. One of the pictures on the bottom is associated with the picture at the top (eg,
a pyramid with a palm tree), while the second picture on the bottom is a semantically related
foil (eg, a pine tree). These tests were given among a battery of other language and nonlanguage
neuropsychological tests, including the Boston Naming Test (BNT),33 a 60-item confrontation
naming task.

Data Analysis
Spearman's ρ was used to assess correlation between the 2 awareness measures, the mCIR and
the FBI discrepancy score, due to the ordinal nature of scores on the former measure.

Initially, univariate Pearson's correlations were performed to investigate associations between
potential predictors (raw scores on the BNT and PPT and from the WAB Information Content,
Spontaneous Fluency, and Word Recognition Comprehension) and each of the outcome
variables, mCIR and FBI discrepancy score.

Second, predictors that emerged as significant from the correlation analyses were entered into
2 forward-selection, linear-regression models, one using the FBI discrepancy score as an
outcome variable and the other using the mCIR. Required probability of F to enter the model
was P < .05.

Results
The FBI discrepancy score and the total mCIR score were not significantly correlated with one
another. Univariate analyses indicated that lower scores on the PPT (r = -.663; P = .026),
Information Content (r = -.692; P = .009), and BNT (r = -.706; P = .007) all correlated
significantly with the lower levels of insight as measured by the mCIR, whereas lower scores
on the PPT (r = .708; p = .015) and Word Recognition (r = .625; p = 017) both correlated
significantly with reduced insight as measured by the FBI discrepancy score.

Regression analyses revealed that a worse score on Information Content was the best predictor
of a high mCIR score indicating poor insight (Table 2) and worse performance on the PPT was
the best predictor of a more negative FBI discrepancy score, also indicating poor insight (Table
3).
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Discussion
This study aimed to detect language and other cognitive correlates of reduced disease-related
insight in patients with PPA. Insight was assessed both by the clinician and with a technique
comparing the difference between the patients' opinion and their caregivers' on a questionnaire
regarding cognitive and behavioral symptoms of their disorder. Results indicated that the 2
measures were not correlated with one another, but both insight measures generally implied
that the PPA patients in this study had relatively intact insight, as expected. However, some
scores did suggest a reduction in insight. The regression models demonstrated that reduced
information content in conversation and poor ability on a semantic associates test predicted
reduced insight in PPA. Other linguistic features, namely, confrontation naming, single word
comprehension, and fluency of speech, were not significant predictors of insight.

The lack of significant correlation between the clinician's insight rating and the FBI discrepancy
score may have important implications for how insight should be measured in this population.
It is possible that the caregivers and clinicians differ in opinion regarding the patients' condition,
and both measures are quite subjective. Alternatively, the 2 methods could be assessing quite
different constructs: the mCIR assesses factors such as awareness of progression of deficit and
reduction in independence that are not featured in the FBI, which is more specific to the actual
symptoms of the disease. For clinical purposes, a measure with strong psychometric properties
such as predictive validity would be very useful; future research is required to ascertain such
properties in these instruments.

Although the aspects of PPA patients' aphasia that predicted reduced insight in our study are
associated with particular neuroanatomical regions, conclusions that can be made regarding
anatomical associations are limited. Poor performance on the PPT is generally associated with
the subtype of PPA known as semantic dementia,7 a group in whom speech has little
information content in the context of fluent, syntactically correct output, and poor language
comprehension. Of note, the patients in our study with worse PPT scores, who also produced
speech with less meaningful content, had the lowest levels of insight. These patients are more
similar to Gorno-Tempini's semantic dementia and, to a lesser extent, logopenic subgroup, in
comparison with their nonfluent progressive aphasia subgroup (who exhibit more dysfluent,
but meaningful speech and generally intact PPT performance). In their voxel-based
morphometry study, Gorno-Tempini et al7 demonstrated that semantic dementia patients
exhibited the most atrophy in the medial and lateral aspects of the anterior temporal lobes
bilaterally, and logopenic patients' atrophy was located in the temporoparietal regions of the
angular gyrus. Collectively, these are paralimbic and heteromodal areas according to
Mesulam's model.23 Prigatano's22 theory stipulated that these areas appear to be involved in
reduced awareness.

Studies in stroke aphasia suggest that insight in fluent, Wernicke's aphasia is not always
diminished. The few studies that have been completed suggest that patients who exhibit fluent,
jargon-filled speech are more likely to have suffered bilateral damage.34,35 The current study
found a prominent symptom of Wernicke's aphasia (reduced information content in
spontaneous speech) to be a predictor of reduced insight and the PPT, a test associated with
bilateral damage, to be another strong predictor. This topic warrants further investigation, but
it may be that patients with isolated left hemisphere damage are aware of their symptoms,
whereas those with some degree of bilateral damage have reduced insight. This is exemplified
by the 1 patient in our study who had bilateral medial temporal lobe atrophy, although
electroencephalogram continued to indicate more prominent left temporal dysfunction. This
patient had a negative FBI discrepancy score (suggesting poor insight), although the examining
physician felt that he demonstrated good insight. An additional, or alternative, explanation
could be that damage to more anterior aspects of the temporal lobe is required for PPA patients

Banks and Weintraub Page 5

Am J Alzheimers Dis Other Demen. Author manuscript; available in PMC 2009 September 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



to show reduced insight. The paralimbic nature of this region, and its apparent function in
binding emotional reactions to cognitive processes, could provide a potential mechanism for
reduced insight. However, clinical neuroimaging for the most part was relatively nonspecific
in this group of patients, in keeping with other reports of early structural imaging in PPA.
Future studies involving both structural and functional imaging, with a larger group of patients
who could potentially be subtyped according to the Gorno-Tempini criteria, may further
elucidate the neuroanatomic underpinnings of reduced insight in PPA.

Previous studies in patients with stroke aphasia associated with reduced insight have suggested
that the anosognosia is not complete, that is, they have specific “blind spots” in awareness,
being aware of some aspects of their deficits but not others.36 Despite some intact insight, such
patients show only minimal benefits from interventions using delayed auditory feedback.34

This finding combined with results from the current study has implications in terms of which
PPA patients may benefit the most from particular interventions by speech language
pathologists, whose treatment has been shown to be beneficial in PPA.37 Adding insight
measures to the battery of tests administered to patients with PPA in clinic may thus provide
important information regarding treatment options.

The current study is preliminary and assessed insight in a small group of heterogeneous PPA
patients. Several limitations of this study and areas for future research should be discussed.
The small number of patients involved becomes an issue especially given the use of multiple
regression.38 Studies of other neurodegenerative diseases point to disease duration and
presence of behavioral disturbance or executive dysfunction as correlates of reduced insight;
however, the relatively small group in the present study prevented investigation of these other
potential correlates. Another limitation is the lack of a quantitative measure of rate of speech
and speech errors. Adding a measure such as mean length of utterance, or words per minute,
would permit testing of the hypothesis that more fluent patients with more paraphasias are
likely to have less awareness into their aphasia than nonfluent patients with more meaningful
speech. Although the current study took a more general approach to insight, further research
on this area may also assess whether these same language characteristics relate to insight into
specific language, other cognitive or behavioral deficits. It may be that poor insight in PPA
predicts development of future behavioral problems, which occurs in some PPA patients.39

This would be relevant clinically in terms of preparing families for the future.

In conclusion, results suggest that most patients with PPA have good levels of insight, but some
have reduced awareness of their deficits. Reduced awareness was associated with speech that
lacked meaningful content and a loss of the ability to appreciate semantic associates among
groups of pictures that may imply more bilateral involvement.

Acknowledgments
The work in this article was supported by Northwestern Alzheimer's Disease Core Center grant, P30 AG13854, from
the National Institute on Aging to Northwestern University. Jennifer Medina, Jason Osher, and Becky Gavett kindly
assisted with data collection. Drs Mesulam, Gitelman, Gottfried, and Bujarski were gracious in contributing their
clinical judgments.

References
1. Mesulam MM. Slowly progressive aphasia without generalized dementia. Ann Neurol 1982;11:592–

598. [PubMed: 7114808]
2. Mesulam MM. Primary progressive aphasia—differentiation from Alzheimer's disease. Ann Neurol

1987;22:533–534. [PubMed: 3324947]
3. Mesulam MM. Primary progressive aphasia—a language-based dementia. N Engl J Med

2003;349:1535–1542. [PubMed: 14561797]

Banks and Weintraub Page 6

Am J Alzheimers Dis Other Demen. Author manuscript; available in PMC 2009 September 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



4. Neary D, Snowden JS, Gustafson L, et al. Frontotemporal lobar degeneration: a consensus on clinical
diagnostic criteria. Neurology 1998;51:1546–1554. [PubMed: 9855500]

5. Marczinski CA, Davidson W, Kertesz A. A longitudinal study of behavior in frontotemporal dementia
and primary progressive aphasia. Cogn Behav Neurol 2004;17:185–190. [PubMed: 15622012]

6. Howorth P, Saper J. The dimensions of insight in people with dementia. Aging Ment Health
2003;7:113–122. [PubMed: 12745389]

7. Gorno-Tempini ML, Dronkers NF, Rankin KP, et al. Cognition and anatomy in three variants of
primary progressive aphasia. Ann Neurol 2004;55:335–346. [PubMed: 14991811]

8. Weinstein EA, Cole M, Mitchell MS, Lyerly OG. Anosognosia and aphasia. Arch Neurol 1964;10:376–
386. [PubMed: 14107687]

9. Lebrun Y. Anosognosia in aphasics. Cortex 1987;23:251–263. [PubMed: 2440639]
10. Kertesz A, McMonagle P, Blair M, Davidson W, Munoz DG. The evolution and pathology of

frontotemporal dementia. Brain 2005;128(pt 9):1996–2005. [PubMed: 16033782]
11. Knopman DS, Petersen RC, Edland SD, Cha RH, Rocca WA. The incidence of frontotemporal lobar

degeneration in Rochester, Minnesota, 1990 through 1994. Neurology 2004;62:506–508. [PubMed:
14872045]

12. Eslinger PJ, Dennis K, Moore P, Antani S, Hauck R, Grossman M. Metacognitive deficits in
frontotemporal dementia. J Neurol Neurosurg Psychiatry 2005;76:1630–1635. [PubMed: 16291884]

13. Mesulam MM, Grossman M, Hillis A, Kertesz A, Weintraub S. The core and halo of primary
progressive aphasia and semantic dementia. Ann Neurol 2003;54(suppl 5):S11–S14. [PubMed:
12833362]

14. Cutting J. Study of anosognosia. J Neurol Neurosurg Psychiatry 1978;41:548–555. [PubMed: 671066]
15. Gerstmann J. Problems of imperception of disease and impaired body territories with organic lesions.

Arch Neurol Psychiatry 1942;48:890–913.
16. Venneri A, Shanks MF. Belief and awareness: reflections on a case of persistent anosognosia.

Neuropsychologia 2004;42:230–238. [PubMed: 14644108]
17. Fordyce DJ, Roueche JR. Changes in perspectives of disability among patients, staff and relatives

during rehabilitation of brain injury. Rehabil Psychol 1986;312:217–229.
18. Morley JB, Cox FN. Cortical blindness with anosognosia subsequent simultaneous agnosia and

persistent gross recent memory defect. Proc Aust Assoc Neurol 1974;11:41–47. [PubMed: 4469638]
19. Redlich FC, Dorsey JF. Denial of blindness by patient with cerebral disease. Arch Neurol Psychiatry

1945;53:407–417.
20. Bisiach E, Vallar G, Perani D, Papagno C, Berti A. Unawareness of disease following lesions of the

right hemisphere: anosognosia for hemiplegia and anosognosia for hemianopia. Neuropsychologia
1986;24:471–482. [PubMed: 3774133]

21. Pia L, Neppi-Modona M, Ricci R, Berti A. The anatomy of anosognosia for hemiplegia: a meta-
analysis. Cortex 2004;40:367–377. [PubMed: 15156794]

22. Prigatano, GP. Disturbances of self-awareness of deficit after traumatic brain injury. In: Schacter,
DL.; Prigatano, GP., editors. Awareness of Deficit After Brain Injury. Oxford University Press; New
York, NY: 1991. p. 111-126.

23. Mesulam, MM. Principles of Behavioral and Cognitive Neurology. Oxford University Press; New
York, NY: 2000.

24. Salmon E, Perani D, Herholz K, et al. Neural correlates of anosognosia for cognitive impairment in
Alzheimer's disease. Hum Brain Mapp 2006;27:588–597. [PubMed: 16247783]

25. Vogel C. Cognitive and functional neuroimaging correlate for anosognosia in mild cognitive
impairment and Alzheimer's disease. Int J Geriatr Psychiatry 2005;20:238–246. [PubMed:
15717342]

26. Mendez MF, Shapira JS. Loss of insight and functional neuroimaging in frontotemporal dementia. J
Neuropsychiatry Clin Neurosci 2005;17:413–416. [PubMed: 16179666]

27. Ricci PT, Zelkowicz BJ, Nebes RD, Meltzer CC, Mintun MA, Becker JT. Functional neuroanatomy
of semantic memory: recognition of semantic associations. Neuroimage 1999;9:88–96. [PubMed:
9918730]

Banks and Weintraub Page 7

Am J Alzheimers Dis Other Demen. Author manuscript; available in PMC 2009 September 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



28. Morris JC, Weintraub S, Chui HC, et al. The Uniform Data Set (UDS): clinical and cognitive variables
and descriptive data from Alzheimer Disease Centers. Alzheimer Dis Assoc Disord 2006;20:210–
216. [PubMed: 17132964]

29. Ott BR, Fogel BS. Measurement of depression in dementia: self vs. clinician rating. Int J Geriatr
Psychiatry 1992;7:899–904.

30. Kertesz A, Davidson W, Fox H. Frontal behavioral inventory: diagnostic criteria for frontal lobe
dementia. Can J Neurol Sci 1997;24:29–36. [PubMed: 9043744]

31. Kertesz, A. The Western Aphasia Battery. Grune and Stratton; New York, NY: 1982.
32. Howard, D.; Patterson, K. The Pyramids and Palm Trees Test: A Test of Semantic Access from Words

and Pictures. Harcourt Assessment; London, UK: 1992.
33. Kaplan, E.; Goodglass, H.; Weintraub, S. Boston Naming Test. Vol. Experimental Edition. Aphasia

Research Center, Boston University; Boston, MA: 1976.
34. Alajouanine T, Lhermitte F. The phonemic and semantic components of jargonaphasia. Int J Neurol

1964;4:277–286. [PubMed: 5825831]
35. Rubens, AB.; Garrett, MF. Anosognosia of linguistic deficits in patients with neurological deficits.

In: Prigatano, GP.; Schacter, DL., editors. Awareness of Deficit After Brain Injury. Oxford University
Press; New York, NY: 1991. p. 40-52.

36. Cohn R, Neuman MA. Jargon aphasia. J Nerv Ment Dis 1958;127:381–399. [PubMed: 13611542]
37. Thompson, CK.; Johnson, N. Language intervention in dementia. In: Attix, DK.; Welsh-Bohmer,

KA., editors. Geriatric Neuropsychology. Guilford; New York, NY: 2006. p. 315-332.
38. Green SB. How many subjects foes it take to do a regression analysis? Multivariate Behav Res

1991;26:499–510.
39. Banks S, Weintraub S. Neuropsychiatric symptoms in behavioral variant frontotemporal dementia

and primary progressive aphasia. J Geriatr Psychiatry Neurol 2008;26:133–141. [PubMed:
18474722]

Banks and Weintraub Page 8

Am J Alzheimers Dis Other Demen. Author manuscript; available in PMC 2009 September 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Banks and Weintraub Page 9
Ta

bl
e 

1
Pa

rti
ci

pa
nt

s' 
Te

st
 R

es
ul

ts
 a

nd
 R

ep
or

te
d 

R
es

ul
ts

 o
f C

lin
ic

al
 N

eu
ro

im
ag

in
g

N
um

be
r

D
ur

at
io

n 
of

Il
ln

es
s (

Y
ea

rs
)

N
eu

ro
m

ag
in

g 
Fi

nd
in

gs
B

N
T

W
A

B
 In

fo
C

on
te

nt
 (/

10
)

W
A

B
 C

om
m

an
ds

 (/
80

)
W

A
B

 R
ep

et
iti

on
 (/

10
0)

W
A

B
 F

lu
en

cy
 (/

10
)

W
A

B
 A

ph
as

ia
Q

uo
tie

nt
 (/

10
0)

Py
ra

m
id

s a
nd

Pa
lm

 T
re

es
 (/

52
)

T
ot

al
 C

IR
FB

I D
is

cr
ep

an
cy

 S
co

re

1
7

M
R

I: 
N

or
m

al
35

9
73

94
6

85
.2

N
D

0
3

2
4

M
R

I: 
N

or
m

al
60

9
70

78
6

90
.0

52
0

4

EE
G

: N
on

sp
ec

ifi
c 

sl
ow

in
g 

in
 le

ft 
he

m
is

ph
er

e

3
3

M
R

S:
 F

oc
al

 re
du

ct
io

n 
in

 N
A

A
 co

nc
en

tra
tio

n 
le

ft 
fr

on
ta

l a
nd

an
te

rio
r t

em
po

ra
l c

or
tic

es
60

10
68

96
9

95
.5

52
1

-1

4
3

M
R

I: 
A

tro
ph

y 
an

d 
w

id
en

in
g 

of
 th

e 
le

ft 
pe

ris
yl

vi
an

 fi
ss

ur
e

39
8

62
70

5
93

.7
N

D
1

-2

5
2

M
R

I: 
M

ild
 a

ge
-r

el
at

ed
 a

tro
ph

y
44

8
67

66
5

74
.8

N
D

0
1

SP
EC

T:
 d

im
in

is
he

d 
pe

rf
us

io
n 

in
 th

e 
le

ft 
te

m
po

ra
l l

ob
e 

an
d

po
st

er
io

r p
ar

ie
ta

l l
ob

e

6
4

M
R

I: 
M

ild
 to

 m
od

er
at

e 
ce

re
br

al
 v

ol
um

e 
lo

ss
, p

ro
m

in
en

t i
n

th
e 

m
ed

ia
l t

em
po

ra
l l

ob
es

 b
ila

te
ra

lly
52

9
80

70
5

79
.2

49
0

-1
3

EE
G

: i
nt

er
m

itt
en

t l
ef

t h
em

is
ph

er
e 

sl
ow

in
g,

 e
sp

ec
ia

lly
 in

te
m

po
ra

l r
eg

io
n

7
3

M
R

I: 
Sm

al
l v

es
se

l i
sc

he
m

ic
 d

is
ea

se
, m

ild
 h

ip
po

ca
m

pa
l

at
ro

ph
y

41
10

80
78

9
91

.6
50

0
-6

8
3

M
R

I: 
In

cr
ea

se
 in

 si
ze

 o
f t

he
 le

ft 
pe

ris
yl

vi
an

 c
is

te
rn

60
10

80
10

0
9

97
.4

52
0

-2

PE
T:

 M
ild

 d
ec

re
as

e 
in

 p
ar

ie
ta

l a
nd

 te
m

po
ra

l m
et

ab
ol

is
m

,
m

or
e 

so
 o

n 
th

e 
le

ft

9a
4

M
R

I: 
M

ild
 c

or
tic

al
 a

tro
ph

y
6

9
58

10
0

8
75

.4
40

3
-1

9

EE
G

: N
or

m
al

10
6

M
R

I: 
N

or
m

al
 o

th
er

 th
an

 c
er

eb
ra

l a
tro

ph
y

N
A

N
A

78
N

A
N

A
N

A
49

4
-5

11
4

M
R

I: 
M

ild
 c

er
eb

ra
l a

tro
ph

y
58

10
68

10
6

70
.7

50
0

0

EE
G

: D
ys

rh
yt

hm
ia

 a
nd

 le
ft 

te
m

po
ra

l s
lo

w
in

g

12
4

M
R

I: 
So

m
e 

sy
m

m
et

ric
 a

tro
ph

y
9

5
44

32
5

4.
5

49
4

-1

FD
G

 P
ET

: d
im

in
is

he
d 

ac
tiv

ity
 a

t t
he

 le
ve

l o
f t

he
 le

ft
te

m
po

ra
l l

ob
e 

an
d 

le
ft 

fr
on

ta
l l

ob
e

13
5

M
R

I: 
A

tro
ph

y 
in

 le
ft 

pa
rie

ta
l a

nd
 in

fe
rio

r t
em

po
ra

l r
eg

io
ns

55
9

41
84

9
84

.6
49

4
-5

EE
G

: N
or

m
al

14
9

M
R

I: 
U

nr
em

ar
ka

bl
e

3
6

26
38

5
45

.4
40

6
-8

A
bb

re
vi

at
io

ns
: B

N
T,

 B
os

to
n 

N
am

in
g 

Te
st

; W
A

B
, W

es
te

rn
 A

ph
as

ia
 B

at
te

ry
; C

IR
, C

lin
ic

ia
n'

s I
ns

ig
ht

 R
at

in
g;

 F
B

I, 
Fr

on
ta

l B
eh

av
io

ra
l I

nv
en

to
ry

; M
R

I, 
m

ag
ne

tic
 re

so
na

nc
e 

im
ag

in
g;

 E
EG

, e
le

ct
ro

en
ce

ph
al

og
ra

m
; M

R
S,

 m
ag

ne
tic

 re
so

na
nc

e 
sp

ec
tro

sc
op

y;
 S

PE
C

T,
 si

ng
le

ph
ot

on
 e

m
is

si
on

 c
om

pu
te

d 
to

m
og

ra
ph

y;
 N

D
, n

ot
 d

et
er

m
in

ed
; P

ET
, p

os
itr

on
 e

m
is

si
on

 to
m

og
ra

ph
y;

 N
A

, n
ot

 a
pp

lic
ab

le
.

a Pa
tie

nt
 9

 h
ad

 a
 c

lin
ic

al
 su

bd
ia

gn
os

is
 o

f s
em

an
tic

 d
em

en
tia

 w
ith

ou
t a

gn
os

ia
. O

th
er

 p
at

ie
nt

s w
er

e 
no

t s
ub

gr
ou

pe
d 

or
 w

er
e 

co
ns

id
er

ed
 P

N
FA

.

Am J Alzheimers Dis Other Demen. Author manuscript; available in PMC 2009 September 15.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Banks and Weintraub Page 10

Table 2
Forward Selection Regression Analyses of Predictors of Total mCIR Score (Model R2 = .594; df = 1, 8; P = .009)

Predictor β(in) t P rpartial

Boston Naming Test -0.453 -2.165 .067 -.663

Information Content -0.982 -3.425 .009 -.771

Pyramids and Palm Trees -4.070 -1.208 .067 -.415

Abbreviation: df, degree of freedom; mCIR, modified Clinician's Insight Rating.
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Table 3
Forward Selection Regression Analyses of Correlates of FBI Discrepancy Score (Model R2 = .402; df = 1, 8; P = .015)

Predictor β(in) t P rpartial

Word Recognition Comprehension 0.377 1.053 .323 .349

Pyramids and Palm Trees 1.307 3.005 .015 .708

Abbreviation: df, degree of freedom; FBI, Frontal Behavioral Inventory.
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