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Frontotemporal dementia (FTD) is characterized
by alterations in personality. The nature of the
personality changes depend on the localization of
the pathology. The authors present three patients
with acquired extroversion who met criteria for
FTD. All three patients exhibited predominant bi-
lateral temporal involvement as determined with
functional neuroimaging. Possible mechanisms for
acquired extroversion in bitemporal FTD include
bilateral amygdalar damage with decreased inter-
personal fear or sense of threat, orbitofrontal-ven-
tromedial damage with social disinhibition, and
relative sparing of dorsolateral frontal and ante-
rior cingulate regions with preserved interper-
sonal agency. FTD can be a vehicle for unraveling
the basis of personality characteristics such as the
introversion/extroversion dimension.

(The Journal of Neuropsychiatry and Clinical
Neurosciences 2006; 18:100–107)

Frontotemporal dementia (FTD) is the third most
common neurodegenerative dementia syndrome af-

ter Alzheimer’s disease and dementia with Lewy bod-
ies.1,2 FTD occurs in about 5% of memory disorder clinic
patients and in a large percentage of dementing diseases
that present in the presenium.3–5 In the 45- to 64 year-
old age group, there may be about one patient with FTD
for every one patient with early onset Alzheimer’s dis-
ease.6

FTD patients most commonly present with personal-
ity changes, and the most common personality changes

are apathy, disengagement, and submissiveness.7,8 In
contrast, we report three patients who presented with
acquired extroversion. Most major theories of person-
ality include the dimension of introversion/extrover-
sion,9 and these FTD patients offer an opportunity to
explore the neurobiological basis of this aspect of per-
sonality.

CASE REPORTS

Case 1
A 66-year-old right-handed, female elementary school

teacher, developed a 2-year history of personality
change characterized by increasing extroversion and
gregariousness. Described as premorbidly shy and re-
tiring, her friends reported that she became talkative
with a need to be with and approach other people. She
would seek out strangers and initiate conversations, of-
ten inappropriately. She would talk to waiters and
workmen, such as her gardener, in a flirtatious manner
and would stand closer than customary during a con-
versation, often touching others, and, at one point, forc-
ing candies on them. The patient had also become light-
hearted and jocular with frequent punning, joking,
smiling, and laughing. When asked about these behav-
iors, she did not endorse clear changes in her person-
ality. She described herself as “just getting to relax and
enjoy her later years.” Although the patient appeared
overtly aware of others’ feelings, she did not express
concern when describing her family members with de-
mentia. Finally, her friends described her as newly prone
to angry or emotional outbursts and compulsive about
collecting cartoons and aphorisms, but they did not ob-
serve increased energy or changes in eating and sleeping
behavior.

Her medical and psychiatric history was unremark-
able except for hypertension, but her family history was
strongly positive for early onset dementia. In his late
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60s, her father developed a dementing illness with per-
sonality changes, and, at about age 60, both her younger
brother and her sister had the onset of a similar decom-
pensation with personality changes. The brother became
increasingly jovial with frequent and inappropriate
laughter, and her younger sister developed memory and
other cognitive deficits and mood lability with pro-
nounced depressive episodes. Both brother and sister
developed new-onset alcohol abuse in later life.

On examination, the patient was alert, smiling, and
gregarious. Her general behavior was characterized by
friendliness, talkativeness, and spontaneous laughter.
She ignored personal boundaries, stood too close to her
listeners, and often touched them. She had a great many
puns and jokes and would burst into laughter over her
own humor. Other behavioral observations included a
tendency to repeat stereotypical phrases (e.g., “one day
at a time” “you are cute”). There was no press of speech,
however, and her discourse was easily interruptible. Her
thought content was linear without psychotic or obses-
sional material. The cognitive examination included a
Mini-Mental State Examination (MMSE)10 score of 24/
30. She missed three orientation items and three recall
items. Language was fluent with good auditory com-
prehension, repetition, and confrontational naming, and
Praxis testing was normal. On a 10-item verbal learning
task, she recalled 1 at 15 minutes, and she recalled 9 on
the recognition task. Visuospatial constructions were en-
tirely normal, including a clock. She was able to ade-
quately abstract if it was a familiar proverb, but had
concrete responses to unfamiliar ones. Other testing
showed intact Luria hand sequences. The rest of her
neurological examination was normal, including cranial
nerves, coordination and motor testing, reflexes, and the
sensory examination.

A diagnostic work-up was completed. Her laboratory
tests were normal. Neuropsychological testing showed
significant impairment in verbal and nonverbal memory
with deficits in recognition, minor problems in confron-
tation naming, impairment in facial recognition, and dif-
ficulty with set-shifting and maintenance on a card-sort-
ing task (see Table 1). She could not recognize pictures of
famous faces on a 24-item test of well-known American
political and entertainment figures.11 A close friend com-
pleted the Neuropsychiatric Inventory (NPI),12 a measure
of psychopathology in dementia. On the NPI, the patient
was rated as having anxiety, elation, disinhibition, and
irritability, all of mild severity except for moderate anxi-
ety. Her MRI was unremarkable, but positron emission

tomography (PET) was read as showing bitemporal hy-
pometabolism, greater on the left (see Figure 1).

The patient was diagnosed with FTD, temporal vari-
ant. She met established criteria for FTD,13 with the ex-
ception of more pronounced memory impairment than
usual. Her illness was felt to be on a familial, autosomal
dominant basis. She was treated with donepezil without
definitive response and with possible worsening of her
angry, irritable episodes. She was treated with sertraline
for her compulsive-like behaviors with a modest re-
sponse. The patient was followed for 2 years and pro-
gressed to naming difficulty of a possible semantic ori-
gin and worsening facial recognition. She continued
exhibiting extroversion with preservation of visuospa-
tial constructions and other perceptual abilities.

Case 2
A 57-year-old right-handed woman presented with an

18-month progressive personality change accompanied
by difficulty finding words. Her husband complained
that she had become uncharacteristically outgoing and
loquacious with a tendency to talk to strangers. In his
words, his wife had become “the life of the party.” She
had become childish, with frequent puns, jokes, and
bursts of laugher, and disinhibited, with excessively per-
sonal or familiar comments about others. She also ex-
pressed increased concern over the feelings of others
and over their happiness. When asked about the recent
death of a favorite uncle, however, the patient expressed
verbal sadness but quickly lapsed into laughter, gig-
gling, and a lighthearted responsiveness.

There were other behavioral changes. She had an in-
creasingly empty verbal output with frequent stereotyp-
ical phrases. She had decreased self-care with increased
sloppiness in dress, often wearing the same clothes over
and over again. There was a compulsive tendency, par-
ticularly with regard to money, and she would hoard
and hide it in different places. She developed an addic-
tion to ice cream and gained a considerable amount of
weight. The patient had become anxious and impatient
with angry outbursts worsened by donepezil therapy.
The patient herself insisted that there was nothing
wrong with her and that her “pixy,” or Pick’s disease,
did not affect her in any way. When her specific behav-
iors were pointed out to her, however, she would say
“that is me” and leave it at that.

Her past medical and psychiatric history was unre-
markable, but her family history was positive for de-
mentia and amyotrophic lateral sclerosis (ALS). Her pa-
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TABLE 1. Neuropsychological Tests

Cognitive Domains Assessed Patient 1 Patient 2 Patient 3

Global Cognitive Functioning
Mini-Mental State Examination 25 23 21
Clinical Dementia Rating Scale 0.5 0.5 0.5

Attention
WAIS-III Digit Span 12 (75th percentile) 4 (2nd percentile) 11 (63rd percentile)
WMS-III Spatial Span N/A 3 (1st percentile) 12 (75th percentile)

Visuospatial Ability
WAIS-III Block Design 16 (98th percentile) 3 (1st percentile) 8 (25th percentile)
Rey-Osterrieth Copy 31/36 (16th percentile) N/A N/A
Beery VMI N/A 6/16 15/16

Remote Memory
WAIS-III Information 6 (9th percentile) 3 (1st percentile) 4 (2nd percentile)

Recognition of Famous Faces 1/24 2/24 3/24
Memory
Verbal Memory

CVLT Short Delay Free Recall* 0/16 (�1st percentile) 2/9 (�1st percentile) 1/9 (2nd percentile)
CVLT Long Delay Free Recall* 0/16 (�1st percentile) 0/9 (�1st percentile) 0/9 (2nd percentile)
CVLT Long Delay Cued Recall* 0/16 (�1st percentile) 2/9 (�1st percentile) 0/9 (1st percentile)

Visual Memory
WMS-III Visual Reproduction I 61 (16th percentile) 0 (�1st percentile) 39 (2nd percentile)
WMS-III Visual Reproduction II 0 (2nd percentile) 0 (�1st percentile) 0 (2nd percentile)

Language
Boston Naming Test (15-Items) 13 8 4
Hodges Naming Test N/A 38/64 21/64
FAS 52 (80th percentile) 9 (1st percentile) 14 (4th percentile)
Animals 17 (39th percentile) 4 (�1st percentile) 4 (1st percentile)
Pyramid and Palm Trees N/A 40 41

Executive Functions
Trailmaking Test*
Number Sequencing 34 (56th percentile) 150 (�1st percentile) 54 (10th percentile)
Number-Letter Sequencing 66 (65th percentile) Discontinued 199 (5th percentile)
Stroop*
Color 55 (82nd percentile) 90 (�1st percentile) 41 (16th percentile)
Word 42 (63rd percentile) 47 (�1st percentile) 29 (25th percentile)
Interference 142 (58th percentile) Discontinued 128 (�1st percentile)
WCST*
Categories 2 (�16th percentile) 1 (6–10th percentile) 0 (2–5th percentile)
Perseverative Errors 19 (37th percentile) 31 (1st percentile) 46 (�1st percentile)
Conceptual Level Responses 63 (19th percentile) 48 (45th percentile) 5 (1st percentile)
Fail to Maintain Sets 4 (2–5th percentile) 0 (�16th percentile) 0 (�16th percentile)

* Different versions between patient 1 and patients 2 and 3
Levels of performance corresponding to the percentiles: 98–99th percentile � very superior;
91–97th percentile � superior; 75–90th percentile � high average; 25–74th percentile � average;
9–24th percentile � low average; 3–8th percentile � borderline; 2nd percentile and below � impaired

ternal grandmother developed dementia at age 65 and
her paternal uncle had ALS and died at age 58. Her fa-
ther, however, died at 59 from a stroke.

On examination, the patient was a gregarious woman
who continually smiled at the examiner and quickly re-
sponded and engaged in conversation. Her MMSE score
was 23/30; she missed orientation, attention, and mem-
ory items; however, language deficits clearly interfered
with her examination. Her spontaneous verbal output
had drop out of content words, literal and semantic par-
aphasias, and stereotypical phrases. She also had a great
deal of intrusion from laughter and giggling. She had
confrontational naming difficulty and often failed to

comprehend the word. The patient comprehended sin-
gle step and two step commands. Praxis testing was nor-
mal. On an auditory verbal learning task, she missed all
10 at 15 minutes, but got 8 on recognition. Her elemen-
tary constructions were normal except for the clock
drawing, where she put both hands on the one for 10
after 11. Her interpretation of proverbs was concrete,
and her other testing showed intact Luria hand se-
quences. The elementary neurological examination was
normal, including cranial nerves, coordination, motor
testing, reflexes, and sensory tests.

A diagnostic work-up was undertaken. Neuropsycho-
logical testing showed multiple deficits; however, her
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FIGURE 1. Functional Brain Imaging Studies on the Three Patients

Patients number 1 and 3 underwent positron emission tomography (PET), and patient number 2 underwent single photon emission
tomography (SPECT). All three patients were reported to have anterior temporal hypometabolism or hypoperfusion with relative sparing of
the frontal lobes. Patients number 1 and 3 had greater involvement on the left than right side, and patient number 2 had greater involvement
on the right than the left side.

significant semantic deficits interfered with the tests and
their interpretation. She could not recognize pictures of
the President of the United States, his wife, other politi-
cal figures, and several well-known entertainment per-
sonalities. On the NPI,12 her husband rated her as hav-
ing mild or moderate agitation, anxiety, elation, apathy,
disinhibition, and eating disorders. Her MRI was unre-
markable, but her single photon emission computed to-
mography (SPECT) scan was read as showed bitem-
poral hypoperfusion, greater on the right (see Figure).

The patient was diagnosed with FTD,13 temporal var-
iant. This patient had clear elements of semantic de-
mentia with both word comprehension difficulty and
prosopagnosia. Her illness was felt to be on a familial,
autosomal dominant basis. She was treated with done-

pezil without definitive response and sertraline for com-
pulsive-like behaviors. The patient was followed for 2
years and progressed to dysexecutive performance but
with continued extroversion and preservation of visuo-
spatial constructions and other perceptual abilities.

Case 3
A 71-year-old right-handed woman presented with a

2-year history of gradual and progressive personality
change characterized by increasingly outgoing and dis-
inhibited behavior. Her family complained that she ap-
proached strangers and initiated conversations, some-
times kissing them in greeting, and rubbing their arms.
At one point, she was found sitting on a stranger’s lap.
She became flip, lighthearted, and silly with frequent
laughter and an increased preference for cartoons. She
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verbalized an enhanced expression of love for humanity
and become quite generous with her money, giving it
away to strangers and others. With time, she became
very disinhibited in public, commenting on her sex life
and that of her adolescent granddaughter, raising her
blouse, touching her granddaughter’s breasts, using
foul language, and burping or spitting in front of others.

There were other behavioral changes. The patient
would repeat the same stereotypical phrases over and
over again including “I love you” and “it is a wonder
of the world.” She had a decline in her eating habits,
such as putting her fingers in food at a restaurant or
grabbing food with her hands. Her taste in clothes also
declined, and she developed compulsive behaviors in-
cluding the tendency to eat the same foods and hoard
money. The patient had become anxious and very im-
patient, often cutting in front of others in lines, and had
occasional angry outbursts made worse by donepezil
therapy. Finally, she demonstrated a lack of concern over
her husband’s severe medical problems.

Her past medical history included a recent face lift,
and her family history included a mother and brother
with bipolar and another brother with an unknown psy-
chiatric illness. Her family history included several
members with new-onset alcoholism in later life.

On examination, the patient was very talkative, but
interruptible, with repetitive stereotypical phrases. The
patient would run up to the examiners and either hug
or kiss them, stand quite close and make endearing or
personal comments, or offer them a $10 bill. At one
point, she became fixated on an examiner’s bushy eye-
brow and reached up and touched them and, at another
point, fondled a medical student’s earring. Her MMSE
was 27/30; she missed the three memory items only.
There was marked anomia on confrontational naming
with inability to comprehend the words that she missed.
The patient made semantic paraphasic errors. Memory
was intact for three of four verbal items at 15 minutes.
Praxis was normal. Constructions were normal including
the Rey-Osterrieth Complex Figure copy. Abstraction
testing tended to the concrete, and she had difficulty with
the Luria hand sequences. Her neurological examination
was otherwise intact including cranial nerves, gait, sta-
tion, motor exam, reflexes, and sensation.

A diagnostic work-up was initiated. Routine labora-
tory work was normal. Her neuropsychological testing
showed impairments in language, memory, and execu-
tive functions (see Table 1). On the NPI, her husband
rated her as having mild or moderate anxiety, disinhi-
bition, irritability, aberrant motor behavior, sleep disor-

ders, and eating disorders. Similar to the two prior pa-
tients, she could not recognize pictures of famous faces.
Her MRI was unremarkable, but a PET showed bitem-
poral hypoperfusion, worse on the left (see Figure 1).

The patient was diagnosed with FTD,13 temporal var-
iant possibly on a familial basis. Treatment was tried
with a number of psychoactive medications, including
clomipramine and aripiprazole. Her behavioral distur-
bances were eventually managed with quetiapine and
paroxetine. After 2 years of follow up, the patient con-
tinued to lose semantic information and continued to be
extroverted and disinhibited.

DISCUSSION

We report three patients with acquired extroversion who
had a bitemporal variant of FTD. They met Consensus
Criteria for FTD with an insidious onset and progressive
disorder characterized by alterations in social interper-
sonal behavior, decreased personal regulation, and de-
creased insight.13 Although they did not have emotional
blunting in interpersonal interactions, they did not re-
spond with appropriate concern for their family mem-
bers. All three had disinhibition, puerile behavior with
laughter and punning, and angry emotional outbursts
made worse by an acetylcholinesterase inhibitor in two.
Finally, all three had facial recognition difficulty and two
had semantic deficits suggesting semantic dementia.

The central behavioral change in these patients was
more consistent with acquired extroversion rather than
just social disinhibition. Extroversion refers to a person-
ality dimension where a person’s energies are directed
toward other people and to the outer world.9 These
three patients were not just disinhibited on encounter-
ing others. They actively sought social engagements as
well as new experiences, whereas, prior to developing
FTD, they were more solitary and cautious.

In FTD, personality changes are the most prominent
symptoms and usually precede or overshadow their
cognitive disabilities.4,5,14,15 FTD patients often become
inactive with decreased behavioral initiation and spon-
taneity.7,16 This reflects increased submissiveness, de-
creased social dominance, and apathy from pathology
in the dorsolateral frontal lobes and anterior cingulate.7,8

FTD patients may also have poor social awareness or
disinhibition, loss of insight, stereotypical or repetitive
behaviors, hyperoral or other eating behavior changes,
and self-neglect in the face of relatively preserved mem-
ory and visuospatial ability.17–20 In addition, they can
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lack empathy and lose the ability to infer other people’s
mental states, thoughts, and feelings.21–23

The onset of FTD is frequently asymmetric and may
be predominantly a temporal variant. The usual pa-
thology in the “temporal” variant involves atrophy of
the amygdala and the anterior temporal lobes and ex-
tends to include the orbitofrontal-ventromedial frontal
cortex.24 These patients often have semantic anomia and
impaired visual recognition, particularly for faces.13 The
perception of facial or vocal emotions and affect may be
deficient,22,25 especially anger, sadness, and fear in those
with right temporal lobe involvement.22,25–28 Right tem-
poral patients are particularly behaviorally disturbed
with irritability, disinhibition, and a loss of empathy and
interpersonal warmth.8,29–32 Although the nomenclature
is somewhat controversial, the literature often refers to
FTD patients with predominant temporal involvement
as having “semantic dementia” when the cognitive as-
pects predominate and “FTD-temporal variant” when
the behavioral aspects predominate.13,29

FTD-temporal variant patients may be informative
about the neurobiology of extroversion. Similar to these
patients, extroverts have lower cerebral blood flow in the
temporal lobes compared to introverts on single photon
emission computed tomography.33 FTD-temporal variant
patients also resemble the neurobiologically based hy-
persociability of William’s syndrome, from an interstitial
deletion of chromosome 7.34,35 Extroversion relies on sev-
eral underlying neurobiological mechanisms.9 One of
these is a drive toward interpersonal contact rather than
to avoidance or withdrawal from others. Another is
increased impulsivity or decreased social constraints. Ex-
troversion also requires interpersonal agency or a moti-
vation to be socially dominant, assertive, and exhibition-
istic.9

Damage to the amygdala may promote interpersonal
contact from decreased social apprehension. The amyg-
dala processes perception of emotional cues and pro-
duces emotional responses, especially those that are
fear-related or involved in avoidance-withdrawal. Bilat-
eral amygdalar involvement can result in decreased fear,
especially from faces, and the tendency to judge others
as more trustworthy and approachable.36,37 Mature rhe-
sus monkeys with bilateral lesions of the amygdala en-
gage in more affiliative social interactions with de-
creased inhibitions.38 In comparison, patients with
William’s syndrome have larger amygdala.35 suggesting
that the amygdalar effects on extroversion vary depend-
ing on whether the changes are congenital or involve
specific parts of the amygdala.

Compared to introverts, extroverts have less social in-
hibition and may be expected to have lower activity in
behavioral inhibition systems in the orbitofrontal-ven-
tromedial region39,40—areas damaged in FTD-temporal
variant. Among normals, introverts have high cortical
activity in the frontal lobes from activities mediated, at
least in part, by orbitofrontal and ventromedial frontal
cortex.40 With the amygdala, the orbitofrontal cortex
processes the reward or punishment value of emotion-
ally salient stimuli. With the ventromedial frontal cortex,
the orbitofrontal cortex processes the emotional and so-
cial significance of perceptions and triggers a reenact-
ment of previously encountered emotional experiences.
Injury to the orbitofrontal-ventromedial region impairs
social judgment and facilitates the social disinhibition
present in these FTD-temporal variant patients.

In contrast, these patients have relative sparing of the
dorsolateral frontal cortex and the anterior cingulate gy-
rus with retained interpersonal agency. There is less
frontal apathy or passive submissiveness and loss of so-
cial dominance in the FTD-temporal variant, as opposed
to the FTD-frontal variant.8 The dorsolateral frontal cor-
tex represents the goal states toward which patients are
directed, and the anterior cingulate represents the atten-
tional effects of emotional arousal, emotional responses,
and motor response initiation.41 Extroverted people
show a higher level of activation of the anterior cingu-
late cortex compared with introverted people,40 and pa-
tients with William’s syndrome seem to have large an-
terior cingulate gyri.35

There are other potential contributing factors for ex-
troversion in FTD. Extroversion depends on an intact
incentive motivation circuit composed of the nucleus ac-
cumbens, ventral pallidum, ventral tegmental area, and
their dopaminergic projections to the frontal lobes.9 In-
jury to the insula could play a role through decreased
visceral representations and internal representations,40

For example, blood flow in the anterior insula correlates
with introversion, consistent with recalling or imagining
events.40 Finally, extroversion may depend on the rela-
tive bilateral involvement of the right and left hemi-
spheres. In FTD, specific behaviors may arise from bal-
anced mechanisms involving both hemispheres.42

Bilateral involvement in FTD may explain the difference
between these extroverted patients and those with more
unilateral right temporal involvement who lose empa-
thy and emotional warmth.8,32 Moreover, other work in-
dicates that manic-type behavior with apparent extro-
version can result from bitemporal abnormalities.43
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This preliminary clinical report suggests directions for
future research and raises further questions. First, it rec-
ommends a prospective study on the nature of extro-
version in FTD. Second, it raises questions about the role
of anxiety in the patients’ frantic need to approach and
interact with others. Although family and friends
viewed these patients as highly anxious, the patient’s
did not describe themselves as experiencing anxiety,
panic, or nervousness. Finally, an incidental observation
not clearly related to extroversion is the presence of
memory loss. As FTD progresses, memory is eventually
compromised, but there is relative preservation of rec-
ognition memory compared to free recall.44,45 Occasion-
ally, FTD patients have more severe memory impair-
ment,46 as in our patients, and this may indicate greater
temporal lobe involvement in FTD.

CONCLUSION

Bitemporal FTD may result in acquired extroversion.
Three proposed factors include 1) affiliation or de-
creased avoidance-withdrawal from biamygdalar dis-
ease, 2) social disinhibition from orbitofrontal-ventro-
medial involvement, and 3) retained agency or social
dominance from relative sparing of dorsolateral frontal
cortex and anterior cingulate gyrus. Significant research
will be needed in the future to determine the precise
mechanisms of introversion/extroversion in brain dis-
eases such as FTD.

Research for this study was supported in part by the Na-
tional Institute on Aging (NIA) (grant AG-19724-01), the
University of California Los Angeles Alzheimer’s Disease
Center, and the State of California.
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