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Abstract

Neuropsychiatric symptoms are well defined in behavioral variant frontotemporal dementia but are
not as well studied in primary progressive aphasia. This study compared caregiver reported
neuropsychiatric symptoms in these 2 forms of dementia at short and long disease duration. Patients
with behavioral variant frontotemporal dementia had more symptoms than patients with primary
progressive aphasia. However, when divided by duration of disease, patients with primary
progressive aphasia with long duration had a similar number of symptoms to patients with behavioral
variant frontotemporal dementia at either duration. Furthermore, this group of patients with primary
progressive aphasia had more symptoms typical of behavioral variant frontotemporal dementia and
less mood-related symptoms which were more common in patients with primary progressive aphasia
with shorter duration. This study illustrates the emergence of neuropsychiatric symptoms as primary
progressive aphasia progresses and highlights the increasing overlap with behavioral variant
frontotemporal dementia because the disease affects areas outside of the language network.
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Neuropsychiatric symptoms are common in the neurodegenerative dementias! and are related
to specific biochemical and anatomical changes that occur with these diseases.? These
symptoms include mood disturbances, psychoses, compulsions, anxiety, and agitation,
symptoms that constitute a major source of morbidity and caregiver burden.3:4
Neuropsychiatric symptoms are more prevalent in certain types of dementia. Frontotemporal
dementia (FTD) is an umbrella term for a group of dementia syndromes that present clinically
without amnesia, especially in the early stages. FTD affects between 4% and 20% of patients
presenting to dementia clinics® and is found to be most prevalent in individuals below 60 years
of age.5-8 FTD can be broadly divided into 2 clinical categories®: a behavioral variant
frontotemporal dementia (bvFTD) and an aphasic variant known as primary progressive
aphasia (PPA). Neuropsychiatric symptoms are the earliest manifestation in bvFTD and may
occur in isolation or in addition to executive dysfunction. Different symptoms of aphasia occur
early in PPA19-13 and remain most prominent over the course of illness. Although the
postmortem neuropathological findings are varied in both PPA and bvFTD, they typically
affect the prefrontal and anterolateral temporal areas of the brain and are therefore subsumed
under the rubric of frontotemporal lobar degeneration (FTLD).
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PPA refers to the class of clinical dementia syndromes in which aphasia is the earliest and most
salient symptom, especially within the first 2 years of symptoms onset. Any type of aphasia
can be manifested.12 PPA has recently been classified into subtypes based on distinctive
clinical and neuroimaging features: labelled agrammatic or nonfluent, semantic dementia (SD),
and logopenic.14-17 Prior to this, the Neary criteria had required that patients with SD fulfill
criteria of both fluent, empty, spontaneous speech and an associative, multidomain agnosia.
The inclusion of an agnosia during the first 2 years would have prevented such a patient from
fulfilling Mesulam's criteria for PPA.

Early reports of patients with PPA indicated minimal or no neuropsychiatric symptoms.18
However, more recent studies describe the presence of neuropsychiatric symptoms, especially
as the illness progresses.19:20 A longitudinal study compared the development of symptoms
over time in bvFTD and PPA using the Frontal Behavioral Inventory (FBI).21 Over a period
of 3 years, patients with PPA developed a similar number of psychiatric symptoms to those
with bvFTD who had these symptoms from the outset?? To date, there have been no direct
comparisons of neuropsychiatric symptoms between behavioral and language variants of FTD,
specifically comparing groups based on duration of illness.

Several research studies have investigated the neuropsychiatric profiles of patients with
bvFTD. One study retrospectively assessed the prevalence of symptoms listed in the most
recent consensus criteria for the diagnosis of FTLD, which stipulated core and supportive
featuresl’ and found early disengagement and poor insight to be the most common features in
a group of 53 patients with bvFTD.23 In contrast, social interpersonal conduct and emotional
expression were frequently intact in the initial phases. Compulsive-like acts were also common,
whereas psychotic symptoms were absent in all patients. Although duration of illness was not
specified, at a 2-year follow-up point, the majority of patients had all the core features of
bvFTD. Others have investigated particular symptoms in isolation; for example, a review
concentrating on repetitive and compulsive behaviors found that such behaviors existed in 78%
of reported cases with a pathologically confirmed diagnosis of frontal lobe degeneration.?4

Comparisons of the prevalence of behavioral symptoms between patients with bvFTD and
patients with Alzheimer disease (AD) highlight the different neuropsychiatric symptoms seen
in these disorders. Caregiver reports of early personality change, unconcern, and inappropriate
behavior reliably distinguished bvFTD from AD.25 Levy et al?6 used the Neuropsychiatric
Inventory (NP1)27; The patients with bvFTD had higher total scores and exhibited more apathy,
disinhibition, euphoria, anxiety, and aberrant motor behaviors than patients with AD.26 Miller
et al?8 found that the behaviors that most reliably differentiated bvFTD and AD were loss of
personal awareness, hyperorality, stereotyped and perseverative behaviors, progressive
reduction in speech, and preserved spatial orientation.

In summary, apathy (lack of initiative, lack of interest, and lack of emotional concern)2?;
disinhibition (also described as loss of personal awareness, inappropriate behavior);
compulsive or repetitive behavior; and sometimes, hyperorality (a symptom of Kluver-Bucy
syndrome) appear to be common in bvFTD, whereas changes in mood appear to be rare.

There are a small number of studies comparing neuropsychiatric symptoms in patients with

different forms of FTD. Using factor analysis, Bozeat et al30 used a newly created caregiver

questionnaire to assess responses from caregivers of patients with frontal variant FTD (fvFTD),
temporal variant FTD (used synonymously with SD by Bozeat), and AD. Stereotypic behavior,
changes in eating preference, disinhibition, and reduced social awareness reliably distinguished
the 2 FTD groups from AD. The patients with fvFTD and patients with SD were behaviorally
very similar, although duration of disease was not reported, and both were distinct from AD.
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Depression was significantly more common in SD. In another study, emotional changes were
again found to be more prevalent in the language variants than the behavioral variants.3!

Depression, another common neuropsychiatric symptom in dementia, seems to be more
frequentin PPA than in bvFTD. A patient suffering from deficits in language, with intact insight
and judgment, would be expected to have a grief reaction to his/her loss. Patients with PPA
have been shown to have intact insight32 and endorse more symptoms of depression than age-
matched normal controls.32 The lack of depression in bvFTD may result from various
mechanisms, perhaps most likely being due to patients’ loss of awareness into their disease
process.

A few studies of neuropsychiatric symptoms in FTD do report disease duration; for example,
Kertesz et al3* examined the prevalence and extent of behavioral symptoms in frontal lobe
dementia ([FLD], a similar entity to bvFTD), vascular dementia, AD, PPA, and depressive
disorder using the FBI. Duration of symptoms in patients with FLD was 28.8 months, whereas
the mean duration in patients with PPA was 39.5 months. The patients with FLD had more
symptoms on the FBI than any of the other groups, including PPA. Irritability was relatively
common in the PPA group. Indifference, perseveration, and utilization behavior were fairly
specific to FLD.34

Marczinski et al22 used the FBI to assess patient groups with either bvFTD or PPA. They found
that symptoms in patients with bvFTD remained stable over a 3-year period, whereas similar
symptoms (including apathy, poor judgment, and hyperorality) emerged in the patients with
PPA over 3 years.3> Both the patient groups averaged 3 years of illness at the first time-point.
Another study followed patients with bvFTD and patients with PPA and found that 20/27
patients initially presenting with PPA developed behavioral problems, and 11/17 patients with
bvFTD developed a progressive logopenia, although it is unclear whether this was due to
behavioral mutism or true progressive aphasia. Duration and severity of disease were not
described in this study.22 The overlap of the 2 forms of FTD is highlighted by the results of
these rare longitudinal studies, with patients presenting with the language variant developing
behavioral symptoms over time and patients initially presenting with behavioral changes
developing language deficits. Another longitudinal study showed that the type of behaviors in
language variants of FTD was related to the nature of the language disorder.36 For example,
patients with SD were found to have more apathy and changes in food preferences, whereas
nonfluent patients had less behavioral symptoms but sometimes exhibited irritability. The
increasing overlap of symptoms in patients with frontotemporal forms of dementia has been
commented upon and viewed as a result of the spread of pathology among interconnected
regions around the epicenters of prefrontal and perisylvian cortex.13

The present study was conducted to compare the prevalence and nature of neuropsychiatric
symptoms in PPA and in bvFTD on a short version of the Neuropsychiatric Inventory,2 the
Neuropsychiatric Inventory Questionnaire (NPI1-Q37). It was predicted that patients with
bvFTD would show more symptoms than those with PPA, irrespective of duration, but PPA
patients with symptoms for more than 5 years would show more symptoms than those in earlier
stages.

Archival data were analyzed from patients with bvFTD (n = 28) and patients with PPA (n =
42) enrolled in the Northwestern Alzheimer's Disease Center (NADC) Clinical Core Subject
Registry. Patients were diagnosed on the basis of the most recent consensus and clinical
criterial?17 as having any variant of PPA (logopenic, semantic, or agrammatic) or behavioral
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variant FTD. All patients underwent full diagnostic workup by a behavioral neurologist, which
included structural, and in some cases, metabolic neuroimaging. They also completed a
neuropsychological assessment, and their caregivers (most frequently a spouse but in some
cases an adult child) completed the questionnaires. All patients in the core database whose
caregivers had completed the NPI1-Q37 and had the appropriate diagnosis were included in this
retrospective study without exception. This included some patients who were followed via
telephone interviews to complete the questionnaires with their caregivers because they were
too impaired to be tested. Because the NPI-Q is a relatively newly published tool, many of the
patients analyzed in the analysis did not have NPI-Q data at the initial visit but were given the
measure at follow-up visits. In this case, data from the first follow-up visit where the patient
underwent cognitive testing and the caregiver completed the NPI-Q were used in the analysis.
Informed consent to participate in the registry and contribute to the database was obtained from
all patients and caregivers, and the study protocol was approved by the Institutional Review
Board at Northwestern University.

Initially, comparisons were made between the patients with bvFTD and patients with PPA.
Then, each of these diagnostic groups was separated into short duration (ShD, symptoms for
less than 5 years) and long duration (LD, symptoms for equal to or more than 5 years). Five
years was chosen as a cutoff because it represented the mean duration of symptoms for the
PPA group.

The NPI-Q37consists of a brief screening of neuropsychiatric symptoms and their severity in
patients with dementia. The caregiver must rate each of 12 symptoms as present or absent in
the previous month and, if present, its severity (Likert scale: 1, 2, or 3). They also must rate
their own level of distress for each symptom; however, the distress index was not analyzed for
this study. In this study, we counted the absolute number of symptoms endorsed. The 12
symptoms on the NPI-Q can be subcategorized qualitatively as behavioral/comportmental
(aberrant motor behavior, disinhibition, apathy), appetite and eating behaviors; mood
symptoms (euphoria, anxiety, depression, irritability); and disruptive/psychotic symptoms
(agitation, nighttime behaviors, delusions, hallucinations; Figure 1). To compare the severity
of symptoms between the groups, a symptom severity score (total severity score/total number
of symptoms endorsed) was calculated.

All patients who had been seen in person at the time that the NPI-Q was first administered also
underwent neuropsychological testing for characterization of their cognitive functioning in
attention, language, memory, comportment, executive, and visuospatial functions. Scores from
the Boston Naming Test (BNT38) were used as a measure of aphasia severity. For all patients,
functional capacity was also measured with the activities of daily living questionnaire
(ADLQ39). Where patients were followed by phone, the ADLQ and the Clinical Dementia
Rating Scale (CDR) were completed in addition to the NPI-Q with the caregiver.

Disease Severity

Disease severity was measured using 2 scales, the Mini-Mental State Examination?® and the
CDR*! derived by a clinician with information from a caregiver, generating a score that
globally stages the level of impairment (0, no impairment; 0.5, very mild; 1, mild; 2, moderate;
3, severe dementia). The duration of illness was also noted.

Statistical Analysis

Demographic variables were compared between patients with bvFTD and patients with PPA,
and number of symptoms in each group on the NPI-Q was compared using Student t tests.
Comparison of the number of patients in each group exhibiting each symptom was carried out
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using chi-square tests. In addition, groups were split up by duration of illness, and analysis of
variance with post hoc t tests compared the mean number of symptoms in each of the 4 groups
so divided. Chi-square tests were run to compare the proportion of patients in each diagnostic
group with each symptom. Symptom severity scores were then compared using Mann-Whitney
U tests.

Table 1 presents demographic variables, neuropsychological data, dementia severity scores,
and NPI-Q scores for both the patient groups, irrespective of duration of illness. Patients with
PPA were significantly older and had fewer functional impairments, according to scores on
the ADLQ, than patients with bvFTD. Although the BNT score was lower in patients with PPA
than in patients with bvFTD, the difference was not statistically significant.

Inall, 96% of patients with bvFTD and 91% of patients with PPA had at least 1 NP1-Q symptom.
Figure 1 illustrates the frequencies of each symptom in each group. In all, 21% of patients with
bvFTD had 2 or less symptoms, compared with 48% of patients with PPA; at the other extreme,
21% of patients with bvFTD had 7 or more symptoms, compared with 7% of patients with
PPA.

There was a significant difference between the 2 groups in the total number of symptoms
endorsed (t = 2.58; df = 68; P < .01;1-tailed). The bvFTD caregiver group had, on average,
endorsed more symptoms (mean = 4.43; standard deviation = 2.55) compared with the PPA
group (mean = 3.02; standard deviation = 1.99).

As can be seen from Figure 1, more patients in the bvFTD group were rated as apathetic (x =
3.327; df = 1; P =.059) and disinhibited (x2 = 3.145; df = 1; P = .072) than patients with PPA.
Although these findings did not reach statistical significance, they suggested a trend. The PPA
group did not exhibit any of the symptoms significantly more frequently than the bvFTD group.
Mood symptoms (anxiety, irritability, depression, and euphoria) were similarly prevalent in
patients with bvFTD and in patients with PPA. There were no significant differences in the
aberrant motor behavior item. The bvFTD group had a significantly higher severity score than
the PPA group (bvFTD mean severity score = 1.72, PPA mean severity score = 1.34; U =
410.50, N; = 28, N, =42, P = .031, 2-tailed).

Patients were separated into groups based on duration of illness, as described above (Table 2).
Number of symptoms in LD PPA patients did not significantly differ from patients with bvFTD
regardless of their disease duration. Number of symptoms in ShD PPA patients differed from
patients with bvFTD (ShD and LD bvFTD combined: t = 2.72, df =52, P <.005, 1-tailed; ShD
bvFTD patients: t = 2.72, df = 43, P < .005, 1-tailed). Thus, patients with PPA in the earlier
stages of their disease had significantly fewer neuropsychiatric symptoms than patients with
bvFTD at any stage.

Although cell size for individual symptoms in the groups, once broken down by duration, were
somewhat small to reliably compare statistically, there were some indications that the LD PPA
group showed more disinhibition (y = 4.226; df = 1; P = .040) and trends toward more
nighttime behaviors and less depression compared with the ShD PPA group (nighttime
behaviors: y = 2.658, df = 1, P = .103, 2-tailed; depression: x= = 3.365, df = 1, P = .067, 2-
tailed). Overall, it appears that patients with PPA in the later stages of the disease showed more
behavioral symptoms compared with patients with PPA in the early stages and were more
similar (in terms of number of behavioral symptoms) to patients with bvFTD. The severity
score did not differ between ShD or LD PPA groups or ShD or LD bvFTD groups.
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Discussion

The present study compared caregiver-reported neuropsychiatric symptoms in bvFTD and PPA
using the NPI-Q. Caregivers of both patients with bvFTD and patients with PPA reported
neuropsychiatric symptoms, but these symptoms were more significant in patients with bvFTD.
Patients with PPA in the earlier stages of the disease were reported to have fewer symptoms,
whereas those with symptoms for over 5 years had more symptoms, similar to patients with
bvFTD at any stage. Patient groups also differed in the quality of symptoms, with the PPA
group showing more mood symptoms and the bvFTD group showing more symptoms of
personality and behavioral change.

The symptoms in the bvFTD patients were consistent with those reported in other studies.
Apathy/indifference was the most common symptom; this has been reported extensively by
other researchers.2%:31:30 Aperrant motor behavior (including repetitive or stereotyped
behaviors), agitation, and irritability were also very common, reflecting earlier findings.43-45
Disinhibition was relatively common in this group of patients with bvFTD, although it seemed
less common than reported in other studies3! and given its status as a “core diagnostic feature”
in the most recent consensus criteria for FTLD.17

Caregivers of patients with PPA most commonly endorsed anxiety, apathy, and irritability.
Depression was slightly more common in PPA group than in the bvFTD group, and
disinhibition was more rare. However, mood symptoms were also common in the bvFTD
group. A possible explanation for this is that the 2 groups may differ in the source of these
mood symptoms. In PPA group, the symptoms may represent affective responses to their
situation, whereas in bvFTD group, apathy may be interpreted as depression by the caregivers.
However, this would require evidence that there are 2 different mechanisms for the same
caregiver-perceived symptom in each group, which could not be addressed with the available
data.

In the present study, symptom type also changed with duration of disease. Thus, patients with
PPA early in the disease tended toward more mood symptoms such as depression, whereas
disinhibition, a hallmark symptom of bvFTD, and nighttime behaviors were more common in
LD PPA. This would suggest that, as PPA evolves, the initial selectivity of the disease for
language regions expands to also affect brain regions that regulate behavior. This apparent
tendency to develop additional symptoms over time indicates a problem inherent in existing
studies which have compared patients in different diagnostic categories at mixed stages of
disease.31:3%:43 One potential limitation in the estimation of disease duration, of course, is that
it is subjective. However, no other quantifiable means exist to measure duration, and thus
subjective reporting to date is the most widely used.

Development of more neuropsychiatric symptoms over time in PPA, combined with the finding
that these symptoms are more characteristic of bvFTD, can be explained by neurodegenerative
changes increasingly involving adjacent or interconnected cortical and subcortical regions.
This progression of neuropathological change has been observed in recent studies using
magnetic resonance imaging (MRI) to measure cortical volumes in patients with FTD.
Whitwell et al 44 analyzed volumetric MRI longitudinally finding that, in patients with SD, the
atrophy, initially visible in the anterior temporal regions, involves the left inferior frontal
regions over time. These frontal systems are believed to mediate motivation, socially
responsive empathic behavior, and executive function.*> Mesulam et all3 have used the term
PPA-plus syndrome to refer to the point at which PPA is accompanied by movement disorders
or personality changes as a result of the extension of pathology to (in the case of behavior)
more frontal regions.
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The histopathology of bvFTD and PPA is diverse, but similar cellular-level changes are
exhibited in comparable ratios in both forms. Although some researchers find that Pick bodies
are more commonly seen at autopsy of patients with nonfluent aphasic presentations,*6 research
more persistently suggests that the histopathological variants of bvFTD and PPA as determined
by current methods do not predict the clinical phenotype2%:47. Therefore, that the location of
pathology as opposed to the particular type of pathology that is predictive of clinical symptoms
remains true.*8 However, Cummings? has found associations between specific molecular-level
changes and behaviors For example, tauopathies in general are associated with compulsions,
disinhibition, and apathy. Language deficits have been associated with ubiquitinopathy in some
cases* but with tauopathy in others.#® In a minority of cases of PPA (20%-30%), the
neuropathology of Alzheimer disease has been reported.>0 However, there is insufficient
information on this subgroup to determine in what ways they differ from individuals with the
typical clinical profile of amnestic dementia associated with AD and from individuals with any
form of FTLD at postmortem examination. It would be of interest to examine whether specific
histopathological features of individual cases of bvFTD or PPA are associated with distinct
neuropsychiatric profiles.

Behavioral symptoms have only recently been discussed in the PPA literature, although the
present and some previous studies have indicated that these symptoms are relatively prevalent.
The lack of attention to neuropsychiatric symptoms in PPA compared to bvFTD may be
explained by the quality of these symptoms. The patients PPA in the current study most
commonly suffered from anxiety, irritability, and apathy. These symptoms may be considered
reasonable emotional reactions to a progressive disease affecting relatively young people,
preventing them from communicating. Medina et al33 have shown that, as a group, a large
proportion of patients with PPA have scores in the depressed range on the Geriatric Depression
Scale when compared with age-matched cognitively intact subjects. Neuropsychiatric profiles
of patients with PPA and with bvFTD furthermore may appear more distinct due to the limiting
effect of aphasia. For example, the expression of disinhibited behaviors may be suppressed by
a lack of verbal expression, whereas patients with bvFTD are able to state tactless comments.
Symptoms more common to bvFTD include disturbing, even bizarre behaviors, which were
less likely to have been part of the individual's behavioral repertoire prior to the onset of the
disorder. Although most people, at times, can be nervous, grumpy, or withdrawn, a flagrant
lack of respect for social norms or compulsive repetition of activities tends to be limited to the
mentally ill. Due to the disruptive nature of the symptoms, caregivers of patients with bvFTD
may be more likely to report them.

There are treatment implications of these findings, both for the patient and for the caregiver.
The study of neuropsychiatric symptoms in bvFTD has been informative in terms of diagnostic,
prognostic, and treatment implications, including the promotion of a handful of drug studies.
51-53 The lack of attention toward behavioral symptoms in PPA (with some exceptions22:50;
4 is epitomized by the lack of drug studies and also by the relative lack of attention given to
caregiver education, support, and respite care in PPA compared with bvFTD.2° A recent study
assessing the specific psychosocial consequences of bvFTD outlined marital discord, criminal
behavior, child endangerment, and driving violations as some of the products of behaviors
related to the disorder, outlining the need for appropriate psychosocial education and support.
4 Weintraub and Morhardt>* recently outlined a prescription for tailored care and education
for patients with FTD and PPA and their caregivers. The present study indicates that it may be
appropriate to educate families dealing with PPA that similar problems to those seen early in
bvFTD are likely to emerge over time, and that they should address financial/legal affairs and
health care proxy decisions while patients are still aware of their condition, and their symptoms
are still restricted to language impairments. Programs implementing these suggestions have
begun to emerge.>6
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This study had several limitations. The NPI-Q is a brief measure, asking just 1 question per
symptom domain. Some domains are particularly complex, and the likelihood of that question
capturing the nuances of a particular individual's presentation is small. The simple and brief
nature of the NPI-Q also gives reduced information about the nature of symptoms. For example,
we do not know whether the agitation is a secondary reaction to distressing and frustrating
circumstances, or a more primary, less conscious form of agitation, similar to what is seen in
later stages of Alzheimer disease.>’~32 The more extensive NPI27 or a specialized instrument
such as the FBI 2Imay offer additional information. Inevitably, there is some circularity in
analyzing differences in behavior when diagnosis is based on clinical presentation including
neuropsychiatric symptoms; however, the measure used was not the basis of the diagnostic
discrimination. In addition, there is evidence to suggest that different clinical subtypes, each
with distinct anatomic specificity, exist.14 Future research studying the evolution of
neuropsychiatric symptoms in each of these subtypes may further elucidate the natural history
of PPA as a syndrome.

Overall, this paper indicated that both patients with PPA and patients with bvFTD have
neuropsychiatric symptoms. Initially, patients with PPA have fewer of these symptoms, and
their symptoms tend to be mood related. Over time, the 2 groups become increasingly similar,
both in terms of number and type of symptoms. This study provides further evidence for the
relatedness of these 2 conditions and predicts the emergence of a more behavioral/
comportmental profile over time in PPA, which has both clinical and practical applications.
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Figure 1.

Percent frequency of patients with each symptom in each diagnostic group. Symptoms are
divided into categories: frontal/comportmental, mood, and disruptive/psychotic. Ab indicates
aberrant motor behavior; Dis = disinhibition; Apa = apathy; App = appetite and eating; Eup =
euphoria; Anx = anxiety; Dep = depression; Irr = irritability; Agi = agitation; Nig = nighttime
behaviors; Del = delusions; Hal = hallucinations.
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Table 2

Mean and Standard Deviation of Number of Symptoms in Each Category

bvFTD
PPA ShD(n=19) LD(n=9) ShD(n=26) LD (n=16)
Mean number of symptoms 4.58 411 2.81 3.38
Standard deviation 2.65 2.42 1.72 2.39

Page 14

NOTE: bvFTD = behavioral variant of frontotemporal dementia; PPA = primary progressive aphasia; ShD = short duration (<5 y); LD = long duration

(>5y).
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