
Frontotemporal dementia, diagnosed according to the clinical and
paraclinical criteria established by Neary et al,1 and schizophrenia,
defined on a syndromal basis by the DSM, are two neurobehavioral
syndromes characterised by a profound alteration in personal and
social conduct reflecting marked frontal dysfunction. However,
specific features distinguish these two syndromes. First, clinically,
age at onset for frontotemporal dementia is generally above age
45,2 whereas in most cases it is well below this age for schizo-
phrenia.3 Shared symptoms of both syndromes include emotional
blunting, disorganised behaviours and language disturbances.1,3,4

However, delusions and hallucinations, very common in schizo-
phrenia,3 are rarely described in frontotemporal dementia,4

although a high rate of visual hallucinations has recently been
reported in individuals with frontotemporal dementia and PGRN
mutations.5 The course of both conditions also differs: fronto-
temporal dementia progresses in a constant way towards a
decline,1,2 whereas the course is variable in schizophrenia.6

Second, structural imaging typically shows a marked fronto-
temporal atrophy in frontotemporal dementia,2 whereas in schizo-
phrenia, the most consistent findings include ventricular
enlargement and slight to moderate brain matter deficits in the
superior temporal gyrus and medial temporal lobe structures.7

Functional imaging generally reveals a marked frontotemporal
hypoperfusion in frontotemporal dementia.2 In schizophrenia,
hypofrontality is not a well-replicated finding, however a meta-
analysis has supported hypofrontality both at the resting state
and when performing cognitive tasks involving the frontal cortex.8

Finally, on neuropathological grounds, frontotemporal dementia
is characterised by massive neuronal loss, leading to
microvacuolation of the cerebral cortex and astrocytic gliosis.9

At the subcellular level, although a subset of frontotemporal
dementia lacks distinct histological features, in most cases specific
lesions corresponding to different types of aggregates (hyper-
phosphorylated tau-positive neurofibrillary tangles or ubiquitin-
positive inclusions containing TDP–43 protein) are found, which

depend on the underlying genetic defect.9 In schizophrenia,
neuropathological studies suggest a reduction in neuronal volume
without cellular loss or intracellular inclusions and without
gliosis.10 Despite these differences, the circumstantial observation
of a few families in which both conditions coexist led us to
hypothesise that the two syndromes might have in some cases a
common aetiology. To test this hypothesis, three questions were
addressed in this study. First, the morbid risk for schizophrenia
and schizoaffective disorder, calculated in first-degree relatives of
100 frontotemporal dementia probands was compared with that
calculated in a control sample of first-degree relatives of 100
Alzheimer’s disease probands. Second, in families that included
relatives with schizophrenia for which a causal mutation had
been identified in the frontotemporal dementia proband, the
segregation of this mutation was studied among relatives. Third,
a detailed clinical, neuropsychological and neuroimaging
characterisation of individuals with frontotemporal dementia
and schizophrenia was undertaken in the ten mixed families in
which both conditions co-occurred.

Method

Ascertainment of probands

Frontotemporal dementia probands, ascertained from consecutive
consultations in the Department of Neurology of Rouen
University Hospital between 2001 and 2007, were required to fulfil
the Neary et al criteria for frontotemporal dementia.1 Alzheimer’s
disease probands used to establish a control group were sampled
from the same department and met the National Institute of
Neurological and Communicative Disorders and Stroke and the
Alzheimer’s Disease and Related Disorders Association
(NINCDS–ADRDA) criteria for probable Alzheimer’s disease.11

They formed a screened control group in which none of the
Alzheimer’s disease probands had schizophrenia or schizoaffective
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disorder according to DSM–III–R criteria.3 They were matched for
age with frontotemporal dementia probands (64.1 years, s.d. = 7.6
for frontotemporal dementia v. 66.6 years, s.d. = 9.5 for
Alzheimer’s disease). All participants were Caucasian and living
in the west of France. Investigations were performed with the
written informed consent of participants according to protocols
approved by the ethics committee of Paris-Necker Hospital.

Information on relatives with schizophrenia

The initial screening for first-degree relatives with schizophrenia
or schizoaffective disorder was based on the family history
method, which relies on the interview of one or more informants
per family (usually the spouse or children of the participant).
When alive, persons suspected to be presenting with such a
disorder were then directly evaluated by the Schedule for Affective
Disorders and Schizophrenia – Lifetime version (SADS–L) semi-
structured interview12 and their clinical records were reviewed
to establish a diagnosis according to the DSM–III–R criteria.3

For deceased relatives, the diagnosis of schizophrenia was made
retrospectively using medical records and by interview of family
members. Best estimate diagnoses were made by the same two
psychiatrists (D.S. and D.C.). Relatives fulfilling the diagnosis of
schizophrenia or schizoaffective disorder were included in the
morbid risk assessment. The same method was used to identify
and characterise more distant relatives with schizophrenia of
frontotemporal dementia probands that were included in the
subsequent clinical and genetic studies.

Calculation and statistical comparison of morbid risk

For the calculation of the schizophrenia morbid risk in first-
degree relatives of frontotemporal dementia or Alzheimer’s disease
probands, we used the abridged Weinberg method. This method
of age correction involves dividing the total number of affected
first-degree relatives by the total number of first-degree relatives
weighted by a factor depending on the age of the relatives. The
age-adjusted weighting factor is defined according to the risk
period for disease onset. It allows us to take into account that
relatives did not provide the same information about their risk
of receiving a diagnosis of schizophrenia or schizoaffective
disorder, depending on whether they have not yet entered the risk
period, whether they are currently within it or whether they have
moved out of it. For participants under age 15 the weighting
factor was 0, between age 15 and 45 it was 0.5 and above age 45
it was 1. In order to compare morbid risks between the two groups
we used a z-test, modified for the comparison of morbid risks, as
defined by Breborowicz et al.13 We performed this comparison at
the alpha risk of 5%.

Mutation analysis

Sequencing of three genes involved in familial forms of fronto-
temporal dementia (MAPT, VCP and PGRN) was conducted
among frontotemporal dementia probands using previously
described methods.14–16 When a mutation was identified in a
family associating frontotemporal dementia and schizophrenia
cases, segregation of this mutation was studied among individuals
with schizophrenia.

Characterisation of participants with frontotemporal
dementia

Behavioural and psychiatric symptoms of participants with
frontotemporal dementia (probands and relatives) were
characterised using items of the Frontal Behavioural Inventory

(FBI)17 and the Neuropsychiatric Inventory (NPI)18 scales. These
items were used to quantify the frequency of delusions,
hallucinations, depression, euphoria, disinhibition, apathy and
language reduction. The age at onset was defined as the age at
which the first symptom appeared as reported by the informant.
The neuropsychological evaluation included the Mini-Mental
State Examination (MMSE),19 the Mattis Dementia Rating Scale
(MDRS)20 and the Frontal Assessment Battery (FAB).21

Participants with frontotemporal dementia underwent brain
magnetic resonance imaging (MRI) or computed tomography
(CT) scanning. Brain perfusion was evaluated with Tc-99m
technetium ethyl cysteinate dimmer single-photon emission
computed tomography (Tc-99m ECD SPECT).

Characterisation of participants with schizophrenia

A quantitative assessment of positive and negative symptoms of
individuals with schizophrenia was conducted with the Positive
and Negative Syndrome Scale (PANSS).22 The clinical interviews
with participants were supplemented by consultation of their
medical records. The response to antipsychotic treatment was
assessed by the May and Dencker scale.23 The neuropsychological
evaluation involved the MMSE, the MDRS, the FAB, the Wechsler
Adult Intelligence Scale–III (WAIS–III),24 the clock-drawing,25

copy of the Rey-Osterrieth’s complex figure,26 evaluation of oral
naming,27 the Free and Cued Recall Test (FCRT),28 and the
assessment of executive functions including the categorical and
literal verbal fluency tasks in 2 minutes,29 parts A and B of the
Trail Making Test (TMT A/B),30 the Stroop test31 and the
Modified Card Sorting Test (MCST).32

The participants with schizophrenia entering the risk period
for frontotemporal dementia received a more detailed evaluation,
including, in addition to the psychiatric and neuropsychological
assessments, a neurological examination and when possible brain
imaging. Based on neuropsychological, clinical and imaging data,
the possibility of a diagnosis change from schizophrenia or
schizoaffective disorder to frontotemporal dementia was evaluated
for participants with schizophrenia aged 45 and above.

Results

Morbid risk for schizophrenia in first-degree
relatives of frontotemporal dementia
and Alzheimer’s disease probands

Among the 121 probands fulfilling the criteria for frontotemporal
dementia,1 21 (17.3%) were excluded due to lack of reliable
familial information. We thus included 100 frontotemporal
dementia probands, 57 women and 43 men, 60 familial v. 40
sporadic cases. Five probands bore a PGRN mutation, three a
VCP mutation and two a MAPT mutation. The mean age at onset
for the 100 frontotemporal dementia probands was 60.4 years
(s.d. = 7.8, range 43–80). The mean disease duration at inclusion
was 4 years (s.d. = 2.5, range 0–14). These probands had 819
first-degree relatives, including 9 individuals, from 7 mixed
families, who were diagnosed with schizophrenia or schizoaffective
disorder. Characterisation of the participants with schizophrenia
or schizoaffective disorder is summarised in Table 1. Mean age
at onset for the nine individuals with schizophrenia included
in the morbid risk assessment was 29.5 years (s.d. = 7.5, range
16–39), mean duration of illness was 17 years (s.d. = 10.6, range
7–40). Three people with schizophrenia were deceased at
inclusion. They had no autopsy. The age-adjusted number of
relatives was n= 665.5. The morbid risk for schizophrenia and
schizoaffective disorder in first-degree relatives of frontotemporal
dementia probands was 1.35 (s.e. = 0.45).
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The control group included 100 Alzheimer’s disease probands
(61 women and 39 men, 52 familial v. 48 sporadic cases). The
mean age at onset in the Alzheimer’s disease probands group
was 62.5 years (s.d. = 9.4) and the mean disease duration at
inclusion was 4.3 years (s.d. = 2.3). These probands had 741
first-degree relatives, including two participants, from two
families, who were diagnosed with schizophrenia (age at onset
17 and 26 years). The age-adjusted number of relatives was
n= 627.5. The age distributions were relatively similar in both
groups of relatives (frontotemporal dementia and Alzheimer’s
disease). The morbid risk for schizophrenia and schizoaffective
disorder in first-degree relatives of Alzheimer’s disease probands
was 0.32 (s.e. = 0.22).

Thus, the morbid risk for schizophrenia and schizoaffective
disorder was significantly higher in first-degree relatives of
frontotemporal dementia probands than in first-degree relatives
of Alzheimer’s disease probands (z= 2, P= 0.05).

Genetic study

When including three additional families in which individuals
with schizophrenia were identified in more distant relatives of a
frontotemporal dementia proband, a total of ten mixed families
were characterised. Causal frontotemporal dementia mutations
were identified in three of these ten mixed families (Fig. 1).

In family F8 (not included for morbid risk assessment), a
PGRN mutation (p.Met1?)5 was found in two participants with
frontotemporal dementia (the index case III–4 and III–5) and in
a 50-year-old patient with schizophrenia (III–1). Another
individual with schizophrenia (IV–2) died by suicide at the age
of 27 years without having been genetically analysed.

In family F9 (not included for morbid risk assessment), a VCP
mutation (p.Arg93Cys)15 was found in all participants with
frontotemporal dementia who had been genotyped (II–1, II–3,
II–4, III–1), but also in three still asymptomatic individuals (II–5,

III–14, III–15). This mutation was also identified in the
individual III–22, aged 35 years, who had schizophrenia. However,
it was not found in participant IV–4, who had bipolar disorder.

In family F10, a VCP mutation (p.Arg155Cys)15 was found in
all participants with frontotemporal dementia who had been
genotyped (II–5, II–6, II–8, III–36). It was also identified in four
family members without frontotemporal dementia (II–12, III–31,
III–37, III–38, IV–1), but with inclusion body myopathy caused by
the VCP mutation. Finally, the mutation was also present in
individual III–9, who had schizophrenia and inclusion body
myopathy and who died by suicide at the age of 48 years.

Thus, in mixed families in which a frontotemporal dementia
causal mutation has been identified, the three individuals with
schizophrenia all bore this mutation.

Characterisation of participants with frontotemporal
dementia in mixed families

A total number of 22 individuals fulfilled the Neary et al criteria1

for frontotemporal dementia in the 10 mixed families. The mean
age at onset for frontotemporal dementia in these 22 individuals
(57.5 years, s.d. = 7.5) was not different from that observed in
the other 90 frontotemporal dementia probands (60.4 years,
s.d. = 7.9) (Mann–Whitney U-test, P= 0.17). Only 19 participants
with frontotemporal dementia for whom sufficient clinical data
were available (18 of them directly examined and 17 neuropsycho-
logically evaluated) were included in the clinical study. Clinical
characteristics and neuropsychological data of these 19 individuals
with frontotemporal dementia are reported in online Table DS1.

With regard to psychotic symptoms, among the 19 parti-
cipants with frontotemporal dementia evaluated, 5 experienced
at least one delusional episode during the course of their disease
(26.3%), 4 had auditory hallucinations (21%) and 1 had visual
hallucinations (5.3%). Delusions and auditory hallucinations were
significantly more frequent in these participants than in the group
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Table 1 Clinical data of participants with schizophrenia or schizoaffective disorder (n = 20) in mixed families

Clinical assessment

Participant Age, years

Age at onset,

years

Disease duration,

years

Clinical interview

(n = 11)

Medical records

(n = 20) Diagnosis, DSM–III–R criteria

F1. III–1 60 31 29 Yes Yes Undifferentiated schizophrenia

F1. III–2 59 15 44 Yes Yes Disorganised schizophrenia

F1. IV–6 28 24 4 Yes Yes Undifferentiated schizophrenia

F2. III–1a 47 39 8 No (refusal) Yes Paranoid schizophrenia

F2. III–2a 46 37 9 No (refusal) Yes Undifferentiated schizophrenia

F3. II–4a 61b 34 27 No (deceased) Yes Undifferentiated schizophrenia

F4. II–2a 56 16 40 Yes Yes Schizoaffective disorder

F4. III–3a 31 24 7 Yes Yes Paranoid schizophrenia

F4. III–4 22b 19 3 No (deceased) Yes Paranoid schizophrenia

F4. III–5 22 19 3 Yes Yes Paranoid schizophrenia

F5. III–3a 48b 30 18 No (deceased) Yes Schizoaffective disorder

F5. III–4 77 38 39 Yes Yes Paranoid schizophrenia

F5. IV–4 42 20 22 No (refusal) Yes Schizoaffective disorder

F6. III–12a 38 23 15 Yes Yes Paranoid schizophrenia

F7. IV–2a 44 28 16 Yes Yes Undifferentiated schizophrenia

F7. IV–5 59 20 39 Yes Yes Disorganised schizophrenia

F8. III–1 50 23 27 Yes Yes Disorganised schizophrenia

F8. IV–2 27b 19 8 No (deceased) Yes Paranoid schizophrenia

F9. III–22 35 25 10 No (refusal) Yes Paranoid schizophrenia

F10. III–9a 48b 35 13 No (deceased) Yes Undifferentiated schizophrenia

a. First-degree relative with schizophrenia or schizoaffective disorder included in the morbid risk assessment (n=9).
b. Age at death.
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of other 90 frontotemporal dementia probands (Fisher, P=0.05
and P=0.02 respectively), whereas no significant differences were
found between both groups with respect to the frequency of visual
hallucinations and mood symptoms (euphoria, depression).

Characterisation of participants with schizophrenia

In the 10 mixed families, 20 individuals with schizophrenia were
diagnosed among first-, second- and third-degree relatives of
frontotemporal dementia probands (Table 1). In six families, more
than one relative with schizophrenia was present. Among the 20
participants with schizophrenia, 5 (25%) died before the present
study. Of those alive, four (26.7%) refused to participate in
psychiatric interviews. We were however able to examine the
clinical records of all participants. Items of the SADS–L12 and
the May and Dencker scale23 were quoted from the clinical
interview and the consultation of medical records for 11
individuals, and from medical records only for the remaining 9
people. We were able to achieve 11 clinical evaluations by the
PANSS.22 A neuropsychological evaluation was partially or totally
achieved for 12 participants with schizophrenia.

Among the 20 participants with schizophrenia, 3 had a
lifetime diagnosis of schizoaffective disorder (15%), 3 had a
disorganised type of schizophrenia (15%), 8 had a paranoid type
(40%) and 6 had an undifferentiated type (30%). According to the
PANSS classification22 we established, from the score on the
composite scale, 7 negative subtypes (63.6%) and 4 positive

subtypes (36.4%) out of 11 individuals evaluated. Response to
antipsychotic treatment among the 20 people with schizophrenia
was good since 17 (85%) were ‘treatment responding’ (score44)
and only 3 (15%) (not included in the morbid risk assessment)
were considered as ‘treatment refractory’ (scores 5–6). Regarding
associated psychiatric symptoms among the 20 participants with
schizophrenia, it is interesting to note the high frequency of mood
disorders. Indeed, in addition to the three participants with
schizoaffective disorder, eight others with schizophrenia had
experienced at least one major depressive episode requiring anti-
depressant treatment. A high frequency of suicidal behaviours
among individuals with schizophrenia in these mixed families is
also noteworthy. Indeed, 70% of them had attempted suicide at
least once, and 15% died by suicide. The results of the neuro-
psychological evaluation obtained from 12 participants with
schizophrenia are reported in online Table DS2. In young
participants (under age 45), of whom six were tested, three
displayed no cognitive impairment and three showed memory
difficulties associated with executive functions deficit.

Possible diagnosis change from schizophrenia
to frontotemporal dementia during the course
of schizophrenia

Among the 20 participants with schizophrenia, 11 were 45 years old
and above, 8 of whom were clinically and 6 neuropsychologically
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Fig. 1 Reduced pedigrees of families with PGRN (a) or VCP mutations (b) and (c). (a) Family F8, PGRN p.Met1? mutation; (b) Family F9,
VCP p.Arg93Cys mutation; (c) Family F10, VCP p.Arg155Cys mutation.

Subscript numbers refer to current age, age at death ‘O’ or age at onset ‘( )’ in years. For families with VCP mutations, myopathy and bone disease are not reported in pedigrees.
Genotypes are indicated. C, wild type allele; T, mutant allele.
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evaluated (Table 2). Focusing on these older participants, a non-
specific demented evolution was present in two of them. It was
evidenced by clinical and neuropsychological data in participant
F5. III–4 and by clinical and imaging data in participant F1. III–2,
who was too heavily deteriorated for a neuropsychological
assessment. A third participant (F8. III–1), with marked negative
symptoms, had a neuropsychological profile of dementia with
prominent executive dysfunction and a normal brain CT scan. A
fourth individual (F10. III–9), although having minimal executive
deficit and frontal bilateral hypoperfusion on SPECT at the age of
47 years, did not fulfil sufficient clinical criteria for the diagnosis
of frontotemporal dementia. Only one of these four participants
with possible diagnosis change was a first-degree relative of a
frontotemporal dementia proband and therefore only one had
been included in the schizophrenia morbid risk assessment.

Discussion

Familial co-occurrence of frontotemporal dementia
and schizophrenia: more than a coincidence?

The prevalence of frontotemporal dementia is currently estimated
to be between 3.6 and 15 cases per 100 000,2 whereas the
prevalence of schizophrenia is usually estimated to be between
500 and 1000 cases per 100 000. Thus, because of the high
prevalence of schizophrenia in the general population, the
co-occurrence of schizophrenia and frontotemporal dementia
could have been fortuitous in some families. Alternatively, such
an association could suggest a common aetiology. We bring two
arguments in favour of this hypothesis: the morbid risk for
schizophrenia is significantly increased in first-degree relatives of
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Table 2 Clinical, neuropsychological and neuroimaging characteristics of participants with schizophrenia aged 45 and above

(n = 8)

Participant

Age,

years

Disease

duration,

years

Progression of symptoms during

the course of the disease

Neurological

examination

Brain

imagery

Neuropsychological

evaluation

F1. III–1 60 29 Verbal disinhibition, reduction of

spontaneous language, ritualistic

behaviours, no recent change in

negative symptoms (apathy, social

withdrawal, emotional blunting)

Parkinsonian syndrome

(antipsychotic treatment),

no primary reflexes

(grasping, sucking)

Refusal Refusal

F1. III–2 59 44 Reduction in activities, loss of interest,

loss of initiative, apathy, neglect of

hygiene, loss of independence in

activities of daily living, urinary incontinence,

disinhibition, aggressiveness, reduction

of spontaneous language, verbal

stereotypies. Institutionalisation

Opposition, agitation, no

primary reflexes

CT scan:

significant

cortical and

subcortical

atrophy

Not possible

F2. III–2a 46 9 No recent progression of behavioural

symptomatology. Preservation of

independence in activities of daily living

Refusal Refusal No cognitive deficit

F4. II-2a 56 40 No recent progression of behavioural

symptomatology. Preservation of

independence in activities of daily living

Mild Parkinsonian syndrome

(antipsychotic treatment),

no primary reflexes

CT scan:

normal

Memory deficit, executive

dysfunction

F5. III–4 77 39 Reduction of spontaneous language, social

withdrawal, apathy, ritualistic behaviours,

reduction in activities, loss of initiative,

loss of independence in activities of daily

living (professional home help), legal

guardianship because of excessive

spending and unsanitary house

Parkinsonian syndrome

(antipsychotic treatment),

imitation behaviour,

perseverative behaviours,

poverty of speech

CT scan:

cortical

atrophy

consistent

with her age

Severe deterioration of

overall cognitive functions

Consistent with dementia

F7. IV–5 59 39 No recent change in negative symptoms

(apathy, social withdrawal, emotional

blunting, poverty of speech, avolition)

Institutionalisation

Parkinsonian syndrome

(antipsychotic treatment),

no primary reflexes

Not possible Frontal Assessment

Battery score = 9; other

neuropsychological tests

not possible

F8. III–1 50 27 Reduction of spontaneous language,

reduction in activities, loss of interest,

loss of initiative, apathy, lack of projects,

social withdrawal, ritualistic behaviours,

verbal and behavioural stereotypies,

perseverations, time disorientation about

his biography

Long-term hospitalisation

Stereotyped behaviours,

poverty of speech, no

primary reflexes

CT scan:

normal

Low full-scale IQ score= 47

(Wechsler Adult Intelligence

Scale–III) inconsistent with

his educational level and

previous evaluation

(Wechsler Adult Intelligence

Scale score= 75 when he

was 30 years old), memory

deficit, executive dysfunction

Consistent with dementia

F10. III–9a 48b 13 Reduction in activities, inability to work

8 years before her death, preservation

of independence in activities of daily living

Death by suicide at 48

Muscle weakness,

no primary reflexes

MRI: normal

SPECT:

bilateral

frontal

hypoperfusion

Low full-scale IQ score= 63

(Wechsler Adult Intelligence

Scale–III), mild executive

deficit

CT, computed tomography; MRI, magnetic resonance imaging.
a. Participant included in the morbid risk assessment (n=9).
b. Age at death.
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people with frontotemporal dementia compared with that found
in first-degree relatives of people with Alzheimer’s disease; and
in three families with an identified frontotemporal dementia
mutation, there is a co-segregation between the mutation and
schizophrenia.

Differential diagnosis between schizophrenia and
frontotemporal dementia

It could be argued that relatives with schizophrenia might in fact
be misdiagnosed and have frontotemporal dementia. Indeed, since
frontotemporal dementia and schizophrenia share many clinical
features, especially related to negative symptoms (e.g. blunted
affects, apathy, social withdrawal),1,3,4 the distinction between
each condition is not straightforward. However, the hypothesis
that these relatives have misdiagnosed frontotemporal dementia
is unlikely since, first, the diagnosis of schizophrenia was given
in young individuals (mean age at onset 29.5 years) and it
remained stable for a mean period of 17 years. The oldest age at
onset was 39. Conversely, it should be stressed that the diagnosis
of frontotemporal dementia, although possible, is very rare before
age 40. For example, the youngest age at onset among our 100
frontotemporal dementia probands was 43 years. In the French
frontotemporal dementia database, including 252 patients
ascertained from consecutive consultations in several hospitals,
only 6 patients (2%) had an age at onset before age 40 (details
available from the author on request). Second, during the course
of their disease, all participants with schizophrenia included in the
morbid risk assessment had experienced marked positive symp-
toms (hallucinations, delusions), which are not common in
frontotemporal dementia.2,4 By contrast, none of them exhibited
disinhibition, antisocial behaviour, overeating, repetitive motor
behaviours, mutism or incontinence, which are key features of
frontotemporal dementia. Third, these nine people with schizo-
phrenia were good responders to antipsychotic treatments,
whereas these drugs are not reported to be of great efficacy in
frontotemporal dementia.

Implication of genetic findings

Although a genetic component is described in both frontotemporal
dementia and schizophrenia, different modes of inheritance have
been identified in these conditions up to now. Regarding fronto-
temporal dementia, 30–40% of cases are consistent with an auto-
somal dominant inheritance.33 There is a significant genetic
heterogeneity since four genes involved in these mendelian forms
have so far been identified (MAPT, VCP, PGRN and CHMP2B),
and other loci have been mapped.34 By contrast, a complex mode
of inheritance involving interactions between different common
DNA polymorphisms is generally assumed in schizophrenia albeit
no susceptibility gene is currently identified with certainty.35 In
the present study we have documented the occurrence of PGRN
and VCP frontotemporal dementia causal mutations in three
young people with schizophrenia. Since the submission of this
manuscript, a report has been published describing another mixed
family in which a Progranulin (PGRN) mutation was identified
both in one individual with frontotemporal dementia and one
with schizophrenia.36 If these findings are not fortuitous, they
imply that an alteration of frontotemporal dementia genes may
also cause a schizophrenia phenotype. Assessing the presence of
such rare highly penetrant mutations in large cohorts of people
with schizophrenia would require a huge sequencing task.
Recently, however, new whole genome scanning methods have
made it possible to easily characterise many rare DNA
rearrangements called copy number variants that are absent or
present at very low frequency in controls and enriched in

individuals with schizophrenia. They can either be transmitted or
occur de novo. Since copy number variants findings provide strong
evidence that highly penetrant monogenic forms of schizophrenia
do exist,37 it remains to be determined whether some of the major
genes targeted by these copy number variants in schizophrenia may
also be affected by structural variations in frontotemporal dementia
and vice versa. Supporting this latter hypothesis, we have recently
identified during a copy number variant survey of psychiatric
patients a MAPT gene duplication in an individual with
schizophrenia (current age 54 years, age at onset 22 years).38

Clinical particularities of participants with
schizophrenia and frontotemporal dementia in mixed
families

We next investigated whether specific clinical forms of schizo-
phrenia or frontotemporal dementia were present in mixed
families. Regarding participants with schizophrenia, we found
high frequencies of associated mood disorders (55% of major
depressive disorder and 15% of mania or hypomania), suicide
attempts (70%) and suicides (15%). According to recent surveys,
the percentage of individuals with schizophrenia who will make at
least one suicide attempt in their lifetime has been estimated to be
between 25 and 50%,39 and the prevalence rate of suicides over an
entire life has been estimated at 4.9%.40 Regarding individuals
with frontotemporal dementia, the frequencies of delusions and
auditory hallucinations in the 19 participants with frontotemporal
dementia from mixed families (26.3% had delusions, 21% had
auditory hallucinations) were significantly higher than in the group
of other 90 frontotemporal dementia probands. In addition, it can
be noted that these frequencies are higher than those reported in
the study of Mendez et al (2.3% of 86 people with frontotemporal
dementia had delusions and 0% had hallucinations).41

Frontotemporal dementia and schizophrenia: single
age-dependant continuum or phenotypic variable
expression?

We finally sought to establish if schizophrenia and frontotemporal
dementia could be included in a single age-dependant continuum
in some individuals. We did not find enough evidence to allow a
diagnosis of frontotemporal dementia among eight participants
with schizophrenia aged 45 and above who have been examined.
Two of these individuals had a severe dementia with an unspecific
profile at examination, and in two others we did not have
sufficient evidence for a diagnosis of frontotemporal dementia,
although a gradual decline in cognitive functions was reported.
Several longitudinal studies have established that a subset of
middle-aged and elderly people with schizophrenia display a
marked decline in gross measures of cognitive status.42 Although
the dementia found in some people with schizophrenia has been
described as having a neuropsychological and functional
neuroimaging profile similar to that of frontotemporal
dementia,43 this issue remains insufficiently explored and warrants
further investigations. Several cases of early adulthood
schizophrenic syndrome prodromal of frontotemporal dementia,
one of them being neuropathologically consistent with a
diagnosis of Pick disease, have been described.44–47 Interestingly,
a recent study including clinicopathological series and a literature
review, has demonstrated that individuals with young-onset
frontotemporal dementia may be diagnosed with schizophrenia-
like psychosis years before the dementia diagnosis is made.47 At
the present time, we cannot substantiate the hypothesis of a single
age-dependent continuum between schizophrenia and fronto-
temporal dementia in the elderly participants of our families.
We favour at the moment the less stringent hypothesis of the
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phenotypic variable expression (schizophrenia or frontotemporal
dementia) of single genetic alterations. Since frontotemporal
dementia is caused by mutations in genes belonging to
well-defined biological pathways, our data, considered together,
suggest that an alteration in these pathways could cause early
adulthood subtle neuronal defects (whose clinical consequence
might be a schizophrenic syndrome) in some individuals, and in
others late adulthood massive neuronal losses in frontotemporal
cortex leading to a frontotemporal dementia syndrome.

Study limitations and future prospects

The question can be raised as to whether a control group
including relatives of Alzheimer’s disease probands is an
appropriate control group. To address this issue we have examined
whether the morbid risk for schizophrenia in our control group
was similar to that found in other control groups ascertained in
different populations by using the same methods (i.e. inclusion
of selected control probands free of schizophrenia-associated
symptoms, diagnosis based on operational criteria such as DSM,
structured interviews, best estimate diagnoses by two psychiatrists,
age correction with the Weinberg or Stromgren method). Two
reference studies aimed at studying the familial aggregation of
schizophrenia fulfil these criteria.48,49 Both studies relied on direct
interview of a large proportion of relatives, a procedure that is
likely to yield a slightly better sensitivity for diagnosing schizo-
phrenia in relatives than the family history method used in our
work. In these studies, the morbid risk for schizophrenia in con-
trols was 0.2 (s.e. = 0.2) and 0.6 respectively. These values can be
compared with the 0.32 (s.e. = 0.22) value reported in the present
study. In the ‘Iowa 500’ study,48 control probands (n=318) were
surgical patients, whereas in the Baron et al study,49 controls
(n= 90) were acquaintances of well siblings of probands with
schizophrenia. In both studies, as well as in our study, all control
probands were screened to eliminate individuals with schizo-
phrenia. We conclude that our results are consistent with those
of other reports in which the control group was ascertained in a
similar way as ours. However, our sample size remains limited,
the statistical significance of our morbid risk comparison is mod-
est, and these results should therefore be confirmed in other
studies using a control group ascertained from a different
population (e.g. surgical patients). Similarly, the co-segregation
data between frontotemporal dementia mutations and schizo-
phrenia are based on a few individuals and should be replicated
in additional families. These findings, as well as the recent report
of Velakoulis et al,47 yield clinical implications and are relevant
to both neurologists and psychiatrists. They point out the
importance of a familial investigation for each person with
schizophrenia or frontotemporal dementia, as well as a detailed
clinical and paraclinical assessment of these individuals, focusing
in particular on early symptoms in people with frontotemporal
dementia and on the clinical course of those with schizophrenia.
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